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Proven Technology

Non-regulated, Research use, Quick to market

m 35 patents: Tissue engineered human and animal organs

m Advanced Tissue Sciences, Inc. - Proven technology:
3 FDA-approved products, 1 toxicity, 2 consumer

FDA Approved Therapeutics Consumer Toxicity Testing

COSMETIC SKIN 2

full- and partial- chronic wrinkles wrinkle skin toxicity
RegeneMed thickness burns wounds & scars cream model



Platform Technology Extensions
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Drug Drug Personalized Medical Tissue
Safety Efficacy Medicine Devices | Transplants
e ADMET ($3B) < Hepatitis e SNP’s e ECLAD e Liver
e DMPK e HIV e Genotyping e Diagnostics e Pancreas
e Drug Reactions = Cirrhosis/ e Molecular e Drug e Bone
Cancer Diagnostics Delivery Marrow
e Drug-Drug
Interactions e Diabetes/ e Biopsy Chemo < Tissue e Kidney /
Cardiovasc. Screen Biosensors lung, etc.
$5B $10B $5B $15B $20B

personalized, preventive and regenerat
Increasing donors, tissue mass, regulat
RegeneMed



RegeneMed 3-D Tissue Technology

3-D vs 2-D All cells of organ
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Mimic /n vivo environment

1. Replace unicellular (hepatocyte), short-lived (2-D) cell function

2. With ALL cells of the native tissue, in 3-D structure to mimic /n vivo,
to form a full tissue with longevity of tissue-specific function

« Cells responsible for tissue formation: stromal/microenvironmental cells

e Cells responsible for tissue function:

e ALL cells for

> Cell-cell communication

— Extracellular matrix (ECM)
and growth factor (GF)/
cytokine expression

parenchymal cells

Immortalized
Hepatocytes

\

Primary
Hepatocytes

uonesdsijoid

3-D Liver Tissue
Co-cultures

Differentiat

3. 3-D interconnecting porous, contractible structure (vs gel) for cell

seeding

 Not: gels, sandwich cultures, spheroids, or hanging drops
« Significantly upregulate ECM and GF expression to form a tissue
RegeneMed > Cells in 2D don’t express much ECM / GF and grow faster than in 3D



RegeneMed 3-D Tissue Technology
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RegeneMed 3-D Tissue Technology
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B Insufficient to have multiple cell types in 2D culture
e Customer data
- RegeneMed data

H Multilayer culturing on 2D ECM or gels often non-physiologic

B Goal should be 3D /n vitro to in vivo correlations, not to current 2D
e More complex readouts (omics, SAR-to-pathway, GWAS)
e Translating /n vivo assays to in vitro
> clinical chemistry, imaging (MRI, CT, ultrasound), pathology
» Separating and defining single-cell molecular biology in
multicellular readout
» Effects of serum on drug ADMET in vivo vs in vitro

B Balancing defined /n vitro conditions versus physiologic relevance
e Single versus multicellular
e Serum versus serum-free

RegeneMed » 2D versus 3D with ECM (assay and imaging challenges)



Tissue Growth Process

Donor tissue Isolate cells 2-D cell expansion
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3-D culture systems
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Static, physicochemical

Therapeutic,
diagnostic & discovery




Stromal Cells in 3-D Porous Scaffold

;Stromal cells
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Fibroblasts in 3-D Porous Scaffold




Skin2 ™

All simple viability-based assays (MTT);

| mechanistic models needed

. ~ B 13 skin toxicology models

(full- & partial-thickness)

H Alternative to animal testing
B Completely human skin tissues

B GLP manufacturing systems

B Fresh preserved

B Validated in U.S,,
Europe, Asia

Skin3

= immune cells (T, B,
Langerhan cells)

B Major customers:
Amway, Exxon,
Helene Curtis,
Procter & Gamble,
SC Johnson, Witco

m Sensitization,
inflammation,
RegeneMed = immune models



RegeneMed

- | B EU 7th Amendment
N | « No animal testing beyond
L > 2009 Cosmetics
R : > 2013 all chemicals
- ‘.{\’
S B Industry response

e Return to chem/bio assays
e Not in vitro cell/tissue based

» Legally defensible
chem/bio
| N e Non-validated in
.~ vitro models
Skin3 S =
B N » Low throughput,
C 24-well, handled
1 well at a time
» Market potential

= immune cells (T, B,
Langerhan cells)

m Sensitization,
inflammation,
immune models



Liver Toxicity

= Drug development
cost $1.1B

= Failed drugs
prominent cost

= Liver toxicity & "1 o=

metabolism drug failures
(2/3 clinical, 1/3 withdrawals, 1/2 warnings, 40%o liver failures)

= Lab models not predictive of humans

= RegeneMed 3-D human liver tissue in the lab

RegeneMed



Liver Toxicity
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RegeneMed

Parent Substance
toxic to any organ

Slow metabolism
drug accumulates
N\~ organ damage or death

- —_——
i e

Normal liver

Speed metabolism
drug clears
therapeutic benefit lost

Drug metabolism

Time

5 z )}a

™ . Liver metabolism
breakdown products
toxic to liver or other organs

2
e

.-""-FFF. -

Toxicity via cell death or tissue damage
Drug-induced liver metabolism changes
Drug-drug interactions

CYP450-mediated
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RegeneMed 3-D Liver Tissue

1-step vs. 2-step
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Donor liver Isolate stromal cells 2-D cell expansion Stromal cells

3-D stromal +
<4 Parenchymal
3-D stromal | 3-D stromal tissue Tissue growth

tissuegrowth + parenchyma

—

- L

—
/ 3-D Tissue
o
Donor Liver Isolate parenchymal cells All liver cells Tox Plates

RegeneMed 30 pharma equivs * 100 systems/day * 260 days/year = 780,000 systems/yr



Rat Albumin Expression in 3-D Liver Co-Cultures Grown in 12-well Transwells*
2-Step versus 1-Step Growth Process
Cultures Initiated 2/05 to 9/05

1600
Cut-off for sustaining liver function in 1-step cultures : 2-Step Cuitures: bold line, closed symbol
> | 1-Step Cultures: normal line, open symbol
|
1400 - |
|
|
|
1200 - :
|
|
1000 -
g 2-Step Culture method provides more
> robust and longer-term function
c
< 800 ~
g
S
£
<
600 { )
—e—NPC 8/5, PC 9/14/05
¥ —=— NPC 8/25, PC 9/14/05
400 1 —+—NPC 8/25, PC 9/14/05
—— 96W Std 1-Step 2/23/05
J S —x— 1-Step 4/29/2005
200 A v TS = —o— 1-Step 9/14/05
2-D Co-Culture ¢ S —2
[ —=— 1-Step 9/14/05
: ‘\ i —s— 1-Step 9/14/05
. B Q&
Monolayer Hepatocytes : &
0 T T T T T 2 T

0 10 20 30 40 50 60 70

Culture Time (days)
* One culture in 96-well standard plate

RegeneMed = Serum-containing media, lot-to-lot variation, effects of cytokines and steroids versus in vivo relevance



RegeneMed

Comparison of Liver-Specific Protein Expression

T-flasks and Bioreactors to Multiwell Plates

(nmole/mg/min)

Protein Plate Bioreactor
(ug/106° cells) |(ug/10° cells)

Albumin 0.57-3.47 0.80-4.00
Transferrin 0.08-0.76 0.70-4.22
Fibrinogen 0.01-1.31 0.12-1.40
o-Fetoprotein |[Not meas’d 0.50-5.00
HAAT 0.06-1.38 0.05-2.00
GST 268-376 290-720

(nmole/mg/min)




Liver3: 3-D Liver Tissue Co-cultures

Method modified for metabolism studies:
= Use highly porous TW to maximize diffusion
= Nylon screens provide 3-dimensionality

= Cell seeding efficiencies are 100%

= Functional longevity to study chronic toxicity
= Amenable to multi-well plate formats

Transwell

Inner Compartment
Double Scaffold
& Liver Culture
12 pm Porous
Membrane
~ Quter Well

Nutrient
gradient

nylon screens

Transwell size: 6, 12, 24, 96, 384

vV Vv Vv Vv indevl
Tissue size: 12, 24, 48, 384, 1536

RegeneMed



Rat Liver Co-culture
Inverted Phase: 140X, no stain

N

Cross-Section Through a

Rat Liver Co-culture
52 days After PC

Inoculation

Fiber bundle

Fiber bundle hepatocytes

Stromal cells

60 uM — 500 uM for liver o= aa
LN and ECM

Note: 500 uM is the limit of thickness in
static culture due to oxygen diffusion

limitations. Thicker tissues are
RegeneMed possible using fluid flow bioreactors
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Maintenance of Tissue Cell Types

CELL COMPOSITION IN NORMAL LIVER (%)
Non-Hepatocytes J Hepatocytes
20-30 70-80
Lymphocytes Kupffer Cells Endothelial Stellate Cells Biliary
25 =20 50 (small) S
NK NKT T B
31 26 37 6
(2) (13) (75) (19)
( )=% in blood asﬁ 9]
8 15
on &)
Figure 1. Percentage proportions of different cell types in the normal liver, showing subproportions for non-hepatocytes, to-
tal lymphocytes, and T lymphocytes, and comparisons with proportions in blood. (Reproduced from reference 2, with per-
mission from the publishers of Immunology and Cell Biology, Blackwell Science, Asia.)




Maintenance of Tissue Cell Types
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'Table I. Mean absolute numbers (=1 SEM) of type I and type II parenchymal cells (P), stromal cells (S), and type IlI parenchymal (acidophilic) cells
(A) and mean ratio of parenchymal cell numbers (all types) to stromal cell numbers in cocultures® of various ages.

Age of co-culture (days) P S A P:S
0 6.82 X 10° = 1.8 x 10* 3.69 X 10° = 9.8 X 10* 495 X 104 £ 1.3 X 107 1.98
1 930 X 10° = 1.5 X 10° 5.03 X 10° = 8.0 x 10* 6.75 X 10* = 1.1 X 10° 1.98
7 1.20 X 10% = 2.1 X 10° 6.65 X 10° + 1.2 x 10 3.84 X 10° £ 6.6 X 10? 1.86
14 1.63 X 10° = 2.1 X 10° 1.00 X 10% = 1.3 X 10° 6.48 X 10* + 8.4 X 102 1.69
21 2.56 X 109 = 1.7 X 10° 1.68 X 10° + 1.1 X 10° 6.45 X 10* + 42 x 10° 1.56
28 3.86 X 109 = 2.1 X 10° 2.88 X 10° = 1.6 X 10° 1.52 X 10° + 8.1 % 10° 1.39
35 5.57 X 10° £ 3.5 X 10° 4.15 X 10° = 2.6 X 10° 6.83 X 10° = 4.2 x 10¢ 1.51
42 5.83 X 10° = 2.8 X 10° 4.83 X 106 + 2.3 X 10° 5.31 X 10° + 2.5 x 10* 1.32
48 6.34 X 10° £ 45 X 10° 427 X 10% = 3.0 X 10° 4.88 X 10° = 3.4 x 10* L.60

3Data derived from the evaluation of 3 to S cultures for each time period (SEM = standard error of the mean).

816 BIOTECHNOLOGY AND BIOENGINEERING, VOL. 43, NO. 8, APRIL 5, 1994

RegeneMed



Human3D liver co-cultures contain
main liver cell types found /n vivo
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albumin albumin/DAP vimentin vimentin/DAPI

Hepatic
Stellate
Cells

Hepatocytes

F4/80 F4/80/DAPI

Kupffer
Cells

RegeneMed



3D Bone Marrow Cultures
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Table Il. Phenotypic Analysis of Cells Dissociated from the Adherent Zones of Nylon Screen Cultures
of Various Ages*®

Culture age

F +b 4
(days) NK OX-8 0X-54 NK'/IL-2R NK*/IL-2R

0 222 + 1.32 40+1.20 187 £ 2.06 8.1 £ 2.56 86.4 + 5.69

15 57.5 + 3.90 — — —_ —
24 52.0 + 424 154 +1.52 25.8 + 2.07 475 + 2,52 53.7 + 3.08
49 445 + 3.21 17.7 £ 1.29 229 + 2.41 50.3 + 2.03 486 +1.71

75 69.0 + 6.20 — — — —
105 53.5 + 3.88 116117 15.3 + 0.95 43.8 + 4.53 499 + 3.27
121 354+ 279 5.6 = 0.91 17.8 + 1.24 51.0 + 3.00 41.8 + 292

TABLE 3. Mean Percent Reaciivity”? (= 1 SEM) of Uncultured Bone Marrow and Cells
from LTBMC with Various FITC-Labelled Monoclonal Antibodies

Monoclonal Antibodies

Sample® B-1 T-3 Plt-1 Mo-1 MY-9
Human
2 wk LTBMC* 10.20 = 143 1864 = 1.88 440+ [.33 20.10 = i.04 3.98 + (.26
7 wk LTBMC 6.76 =098 11.18 1.8 808 092 17.26 =2.29 3.70 + (.68
10.5 wk LTBMC 2273 £ 1.37 1301 = 1.84 1705410 2098 = 1.41 3.46 + (.25
uncultured marrow  11.96 = 1.13 9.90 = 0.64 872 183 1560 +0.84 146+ 0.54
Macaque
7 wk LTBMC? 31.01 18.13 46.50 40.87 21.64
uncultured marrow 8.37 2 099 [1.56 = 2.10 853 = 1.09 2464 £ 2.25 5.49 = (.83

RegeneMed




3D Bone Marrow Cultures
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RegeneMed

Table I. The Effects of Various Doses of CP, Ara-C, MTX, and 5FU on the Phenotypic Distribution of
Hematopoietic Cells in the Adherent Zones of Rat Nylon Screen Bone Marrow Cultures?

I —

MOM/3F12/F2
Drug—dose OX-33 (B) W3/25 (T,) OX-8 () (méel i d)f

Untreated 7.84+099[100]  562+083[100]  6.01 = 0.96 [100] 12.88 + 0.72 [100]
cp

0.025% 8.09+0.11[103]  571+071[102] 594 + 0.62[99] 15.41 + 472 [120]

0.05% 4.80 = 0.96 [59]° 3.74 = 0.95 [67]° 297 + 0.39 [49]° 8.26 + 2 03 [64]

0.10% 5.09 + 2.02 [65] 2.94 + 0.91 [38]° 273 = 0.70 [45F 7.63 = 1.25 [59]°
Ara-C

0.02 mg/ml 837 £110[107] 596+ 089[106]  7.54+084[125]  16.35+0.56 [127]

0.20 mg/ml  852+1.93[108] 441 =1.31[78] 7.58 + 0.90 [126] 846 + 082 (66]°

2.0 mgjml 4.49 + 0.77 [57) 4.08 « 0.54 [73]° 460 + 0.73 [77] 77 + 0.96 [45]°
MTX

1075 M 7.02 = 0.48 [90] 752 +170[134]  6.03 = 1.48 [100] 1036 £ 1.10180]

1075 M 819 +172[104] 532 +0.11 [95] 9.51 = 1.83 [158] 61+ 0.54 [59]°

107" M 5.53 + 0.74 [T} 3.78 + 0.72 [67]° 3.93 + 0.53 [65]° 47 = 0.83 (57}
5FU

0.1 mg/ml 4.47 + 0.92 [5TP 5.41 £ 0.75 [96] 351 = 0.89 [58)° 9.52 + 0.88 [74]°

0.2 mg/mil 3.26 + 0.61 [42]° 4.39 + 0.38 [78]° 232 + 0.14 [39]° 8.75 + 0.70 [68]°

2.0 mg/ml 1.23 + 0.24 [16]° 0.82  0.08 [15]° 0.69 + 0.09 [11]° 2.42 + 0.36 [19)°

? Represents the mean positive fluorescent events for each antibody and each drug and dose level as pocled from cultures of various ages
(10, 33, 100, 150, 170, and 208 days). n = 3-11. The bracketed numbers indicate percentage of control.

® Significantly different from controls.



Preserved liver-specific functions in
human 3D liver co-culture over months
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Albumin, transferrin and Urea synthesis Glycogen synthesis

fibrinogen synthesis ;
] 250 4
i =i fibrinogen 200 4 W |
_ 1 | I
] 1
‘-—-.-.H.-H-—P—. _J : , ,
0L

1'2 1'5 Z:B 3'4 4'0 5'4 :-:4 ?':r 1I2 1I5 5:0 3I4 4Iu E:# ?Is; :u"? 0.1ph 05N T

Days in culture Days in culiure Treatment with insulin (5h)
Levels of albumin, transferrin and fibrinogen were measured with ELISA kit {GenWay) and urea
synthesis using urea nitrogen kit (Sanbio). The levels of respective proteins in human 2D
hepatocytes are: albumin: 0.1-0.4 pg/day/million cells; fibrinogen: 0.2-1 pg/day/million cells and
urea: b0-150ug/day/million cells.

kA
o
=

== albumin
=8~ transferrn

WiF i b
= o =
= = =

Glycogen production
(%o of the control)
o

Urea synthesis
(pg/day/million cells)

=

liver specific proteins levels
(pg/day/million cells)
o — kW Mmoo

= All current assay guidelines for higher dose acute
response due to short-lived function

s Chronic toxicity — no current guidance
regerevied. @ Micronucleus assay in multinucleated cells (chronic)



Preserved basal, inducible and inhibited CYP450
activities in human 3D liver co-culture over months

CYP3A4 activity CYP1A1/1B1 activity
= 12000+ B rifampicin = 1400 BTCOD
= z
g 100007 W rifampicin+ o 1200 WTCOD+
S &000 sulfaphenazole S 1000 ni-naphtaflavone
2 5000- E SB0
£ 4000- o BT
E | = 400
3 2000 E -
0- = ol
=0 ED e EIi [ W ® 42 BD 70 90
aygncuiure Days in culture
CYP2C9 activity
O DMs]
[
3 2300 B rfampicin
&, 2000 O phenobarbital
o 1500 4 B rifampicin
=
@ +sulphafenazole
S 1000+
[=k]
=
£ 500
=
- 0

30 35 42 B0 40
RegeneMed Days in culture



Hepatic Transporter Expression (Rat)

Basolateral Canalicular
Expression H
E = Transporter guidance doc
Transcription
ULCIE R dliE Factors Basal Fold under DILI & DDI
_I_ Relative Change
c to In Vivo b
o = Current assays cannot
p—4 Oatplal CAR/PXR/ AhR | Lower -2 - - 5 -
&F | Sicota) | ¥ discern individual
5 Oatplad CAR/PXR/ AhR | Lower | -20 transporters
(Slcola4) 8%
- E— — = Primary cell-based in
(Slc10a1) PXR/CAR/ FXR
i development
Expression Expression
Transporter Transcription R rter Transcription Basal Fold
P Factors Basal Fold P Factors Relative Change
Relative Change to In *
E.Ih to In Vivo * Vivo
= | Mrp3 (Abcc3) | CAR/PXR/ FXR | Higher 10 Mdr1(P-gp; AhR/PPARa/ Similar 6-8
N Abcb1) CAR/PXR M
o
b Bsep CAR/PXR/ FXR A | Lower 8
(Abcb11) AhR ¥
Mrp4 (Abccd4) | CAR/PXR/ FXR | Similar NA Mrp2 (Abcc2) | CAR/PXR/ FXR M Similar 3
T Berp (Abcg2) | PPARa/CAR/ PXR A | Similar NA

RegeneMed

* Fold change induced by Phenobarbital at 100 uM for 72 hr in 3D liver cultures




Comparison of structurally similar PPARy agonists
with different /n vivo toxicity in human 3D liver co-

- _— N ;
w A - " ! i e
XS~ A o
ol 0N Sy R
Troglitazone & Pioglitazone ' - ¢
{anti-diabetic drugs) Troglitazone Pioglitaz
400 : == | day Damu- oglitazone S
- Troglitazone: withdrawn from L8N __g SE‘Y " Ezig '__gjﬂ?
i A = E a o ]
market due to hepatotoxicity in % E ig -— dﬂi @ §25|:|- - dz
clinic; Human Crmax= 7 % ® 0o == day E 2 200 —=& day
I~ et
o T S B0 5 15 150; - :
- Pioglitazone: marketed. =5 100 - 8100
No hepatotoxicity in clinic; g 50 50 1
I - . . . .
= 1] T T T T T
Human Cmax=2.7pM 0 1 10 S50 100 0 05 & 25 5O
Troglitazone (i) Pioglitazone (i)

Dose and time-dependent toxicity profiles of hepatotoxic drugs upon treatment for 1-15 days.
The media was collected everyday and the amount of released lactate dehydrogenase (LDH) was
measured using CytoTox-One assay (Promega). Cmax =maximum therapeutic concentration of

the drug found in the human plasma.

RegeneMed



3D liver co-culture reflect species-
specific responses to drug treatments

1

Fenofibrate - Rat 3D cells S Human 3D cells
(anti-lipidemic drug) o= -3 day = 5o oy gg
o £ 500 6 day o £ 500 = day
@ S 400 e day e | w3 day
- marketed N _ @ 8 -+ 15 day @ g 4 == 15 day
- no hepatotoxicity observed in 2 @ 300, 2 2 30

rat/human hepatocytes E s 200 = & 2001

- hepatotoxicity in rat pre-clinical £ 100 = 2 100] —-&
! L=

mode W T "5 1 10 % o
- no hepatotoxocity in clinic, . ¥, 40 =0 w00 . .

Humal;‘; Criax=1 ‘;1 Apm Treatment with fenofibrate (ah) Treatment with fenofibrate (i)
Troglitazone Rat 3D cells Human 3D cells
{anti-diabetic drug) . =1 day 400 - - 1 day

o 2 350 1 -2 day = 350 | -2 day
- withdrawn from the market £ 5 3001 =3 day ﬁ = 300 1 -'-3353*
- - - i =
- no hepatotoxicity observed in =0 280y _,_g j:: 2 g5 :deﬁ
22 200 T g 200 |
rat/human hepatocytes < = s
s X 150 1 T £ 1501
- no hepatotoxicity in rat pre- = g 100 1 S 50

clinical model £ &0 & 50
- hepatotoxicity in clinic, : e 5 s 5 oo e T o an

Human Cmax= 7um Treatment with froglitazone (uM) Treatment with troglitazone (ph)

s Pharm study alongside clinical trial: Animal-to-human prediction pre-
animal study provides confidence to proceed with animal study

RegereMed m Replacement of animal testing long term vision



Combination Systems
Metabolic Activation
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Liver -Bone Marrow
Co-culture

EFFFZ Blank 180 um mesh EFEEY

AN AT B Er Sy By By A B S S S SR ST Y T SN A

Liver cultures
induced with TCDD o S o o (v oy v gy e e

i s it 1 0 el 1 s e < Ui
' A o mw LR ‘Pk -I‘_T,g-
L e e A g g i i r—

= Benzene not toxic to bone marrow until metabolized by liver
= Transwell culture system = Hit stage: toxic

_ metabolites
e Reporter cells in 2D on bottom of plate

: - /<' ,,,, ; m Lead optimiz:
RegeneMed e 3D liver co-culture on insert T — mechanism



3D In vitro Imaging

Real-time, min-invasive, non-destructive,
—|—i” vivo to in vitro platforms

Hepatocytes & ©

d

’JZ Endothelial P
m cell 8 ' 3 : ,‘_

RegeneMed



Disease Model

_I_- Humans only species that infects with Hepatitis

RegeneMed

m No animal models for development of antivirals
s Chiron and Stanford (Gilead, ICN, others)

30000

25000

20000

15000

10000

Total HCV copy number

5000

Day 1 I Day 3 I Day 5 I Day 7 I Day 11
Time
- ,@6
m Multiple cell types &
A\
- N- f HDV RNA
= Culture longevity & PO
Day 1 Day 3 Day 5 Day 6 Day 9 1 10 100

= Patient/infectious 1 > 3 4 5 6 7 8 9 10 11 12 13 14 15

sera variation - — 1
challenges validation ———



Disease Progression

Phenobarbital-induced cancer
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RegeneMed

-

ritiated thymidine incorporation with culture age

# days %
Age of culture Increase
Culures at TT| exposed | DNA RNA |[TT Counts/ Over
Animal Condition assay to PB ng/ul ng/ul ug DNA Control
male mouse
DAY 3 (5) Control 9d 3d 56.7 366 48,768
0.1mM Phenobarbital 9d 3d 61.2 290 44,956 -7.8%
1.0 mM Phenobarbital 9d 3d 68 443 65,638 34.6%
2.0 mM Phenobarbital 9d 3d 57 382 49,829 2.2%
Day 7 (9) Control 13d 7d 48| 269.1 2,555
0.1mM Phenobarbital 13d 7d 41 357 5,158 101.9%
1.0 mM Phenobarbital 13d 7d 25| 292.8 4,485 75.6%
2.0 mM Phenobarbital 13d 7d 16 156.4 5,282 106.8%
Day 16 (18) |Control 22d 16d 51 209 3,653
0.1mM Phenobarbital 22d 16d 70 196 16,566 353.5%
1.0 mM Phenobarbital 22 d 16d 69 258 21,256 481.9%
2.0 mM Phenobarbital 22 d 16d 24 226 25,653 602.3%

m Comparing to in vivo data (time course different)

= Rat, Mouse, Human; Male, Female (different mechanisms)

= In vitro progression to preneoplastic lesions and cancer?
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RegeneMed

DrugMatrix Compounds
Male Sprague Dawley Rats and 2D hepatocytes

~640 Compounds

Compound additions
ongoing

Standard
biochemical, 15,

2% Approved outside
Withdrawn or of US, 63, 10%

discontinued
drug, 54, 8%

Standard
toxicant, 72, 11%

US FDA approved
drugs , 433, 69%



NTP Owns Iconix/Entelos DrugMatrix Database
MUSCLE

000 dosed tissue samples
) GE Codelink RU1 Microarrays BRAIN, lNTESTINE 25

Affymetrix RG230-2 Arrays _
SPLEEN / ©¢

ugs in freezer
0 tissues in freezer MARROW « /¢

ycytes tested at TC20 RAT PRIMARY
6 & 24 hr exposures HEPATOCYTE I Ke)

HEART /£ Z¢ic

KIDNEY /© 1-

LIVER P 345 compounds in LIVER

Gene expression Blood Histopathology Literature
Chemistry

30 assays Ny Stan_dard|zed 130 assays Key Facts
Lexicon

e T ———————




CAR/PXR agonists induce gene
f Phase I, II, and III genes

4

Phenobarbital
expression o

%)
)
g 8
o= S 5
[Ty
20 85
o< > %))
oD D=
50902T
| -
_OUWI
X o o ©
L ez
Rmmeh
<0029
OII>muw

PST-HN000Z-TeITOIRqoUal -2 Tenad-1eyg
PTT-KN000Z-TeITOIeqouatd-2aTenad-1eyg
ZL-HNO00Z-TeaTqIeqouayd-aTens -1ey
BF-HNO00Z-TeI THIe qoUatd-aTews i-38Y
FI-HNO00Z-Te3 TOIL qoUatd -2 Tews -3y
ZT-HNO00Z-Te3 TOIe qouatd-2aTews -3y
3-HNO00Z-Te3 TIIE qoUatd -3 Tena 1-38Y
PET-HN000Z- TR TOIeqouayd-2 Te-212y
ZL-HN000Z-Tea TqIeqousatd-a Te-1ey
BF-HN000Z- Te3 TqIeqouayd -3 Te-3ey
FZ-HN000Z-Te3TqIeqouayd-aTe-1ed
PET-HN000T-TeI TOIeqouayd -3 Te-38Y
ZL-TMO00T- Te3 TqIeqousud -3 TeH-38Y
SF-HN000T- Te3 TqIeqouatd-2 Te-21ey
FI-HN000T-TeaTqIeqouayd-aTe-1ed
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Phenobarbital (CAR/PXR agonist)
induces Cyp3A and Cyp2B gene

L expression in 3D cultures

O Cyp3a23/cyp3a1} Similar baseline expression

between 3D and in vivo

N Cyp3a9 O Cyprl Lower baseline expression in 3D than in vivo
In Vivo 3D In Vitro In Vivo 3D In Vitro
2
i.: i 100uM | = 1 mM 2 mM 100 uM| = 1 mM 2 mM
. E 1.5 E
11 o) = LD
0.8 - o o
206 !
04
3 0 | & &l iz 1 ﬁ O o ! o ! T ! iT ! T T T = u T :I T
-0.2 - ; 5 "’ V’ < § U
06— L -
c 24hr 72hr |18d 24hr 48hr 72hr 18d |24hr 48hr 72hr 18d e 24hr 72hr| 18d |24hr 48hr 72hr 18d |24hr 48hr 72hr 18d

o a 3 1 o o 13 3
24 hr 72hr 72hr 72hr 24hr 72hr 72hr 72hr

Both Cyp3A and Cyp2B are upregulated by Phenobarbital in vivo and in 3D cultures
Most doses tested upregulate both genes at least 2-fold or more
18 day 3D cultures show downregulation similar to that reported in vivo

Fisher 344 Male Rat

RegeneMed 3D InVitro and InVivo
DrugMatrix InVivo (Sprague Dawley)
Rat 230 2.0 data

Mas5 Processed data

RegeneMed Log10 ratios shown



Phenobarbital upregulates genes in the cell
cycle at early time points but downregulates
them at later time points in 3D liver cultures

I e (Gener| N cepnarons Cdc25a (1375683 _at)?
x 24hr 0] | E———
transtion (part 2 |

’ o 48hr ] | ———
‘ oyl '\wtfﬁg ) 2101 72hr o] | —
3 L g Ll PP Bl 18d o |1
$i;'l CD’ Y $
M Chromasorm L Start @ @ @ =~
[ sepammnj (remcaumj | - Ccnbl (1370345_at) &
Start of DNA A A A -
g;::a::nm o . E2F1 EX2 EX3 24hr o] |
Cell cycle ‘ s W ,
progression A A "'& 2 48hr | —
_ E2F family
e > 721" | e— .
s 4 Ot A ® 18d I |-0.25 [0]
EFIDPY
comple
s Xlcenb2 (1389566_at)
G2 24hr
48hr
72hr
Requlation of G2/M
fransition 1 8 d

3D rat male liver cultures upregulate Cdc25a and Ccnb at 24 and 48 hours, but are unchanged or
downregulated at 18 days, as shown in the cell cycle pathway and bar graphs from GeneGo. Red =
RegeneMed  upregulation; Blue = downregulation
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e Close up view of heatmap of genes in the fatty acid beta oxidation pathway
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e Close up view of heatmap of genes upregulated during inflammation
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3D cultures treated with LPS and TNFo match
inflammatory signatures from DrugMatrix

040

Experiment MName
—— O
Rl

1.0

RegeneMed

Postetior Probability Scare

BT T 7117 T T

IL-6

2D
2D
In Vivo

In Vivo

1.0

0.0

-1.0

W nopaTa

In Vivo

1.0

0.20

Signature Name

= HepataceHular hypertrophy, diff..
Glucocorticoid and mineralogor...

Bile duct hyperplasia_LIWVER_RG2...
Serum bilicubin and alkaline ph...

Bile duct hyperpla

Thrombooytopenia LIWVER_RG23, .
Hepatic easiraphi

Hepatic necrosiz_LIWVER_RG230-...
Toxicant, DNA alkylator LIWVER. ...

Estrogen receptor agonist LIWVER. .
Pregnane ¥ receptar activation_...

ia, early gen...
ia, early gene...

v =

—

Hepatic inflammatorn: inf iy

Serum alanine aminotransferas. .

Thyroperoxidase inhibitor LIWVER. ..

Oy i1 —

Hypoalbuminemia LIWVER_RG230..,
Leukopenia LIVER_RG2Z0-2 5PL...

Hepatic lipid accumulation, mac...
Hepatic easinophilia_ LPWER_RG2..

Chalesteral biosynthesis inhibit. .

Meutrophilia_LIVER_ RG2S ey

Hepatic lipid accumulation, micr...
Hepatomegaly LIWER_RG230-2 .
Hepatic fibrosis_LIWVER_RG230-2...
Peroxisome praliferator LIWER .

Hepatic inflamma

e

» 2D cultures treated
with same
compounds have no
or weak matches

* 6 hr treatments tend
to have stronger
matches than 24 hr
treatments

* LPS and TNFalpha
elicit stronger
responses than IL-6
both in vivo and in 3D
cultures

1 Hepatic hypertrophy, centrilobul...
L Lymphopenia LIVER RG230-2.5...

« DrugMatrix signatures derived from in
Vivo gene expression data

« Red color indicates magnitude of match;
posterior probability score

< Arrows indicate inflammatory signatures
and 3D treatments that match these
signatures



treatments across the TNF

flammatory response pathway genes
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Log10 ratios shown for chemokine genes

on Affy Rat 230 2.0 GeneChip
Rat 230 2.0 data processed with Mas5

Two dimensional hierarchical clustering
Sprague Dawley male rat

in vivo LPS
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Chemokine genes are upregulated more
consistently in 3D cultures than in 2D

CTToXD
ITT2%0
620
£ET=n
T2
FTo0

TATHW

= >3-fold upregulation
B = no change

M = <-3-fold downregulation

« 2D cultures upregulate a subset of the chemokines that 3D cultures upregulate
* 6 hr time point has most robust response in 3D LPS and TNFalpha cultures

e |[L-6 treatment is least robust in 3D cultures

RegeneMed

Log10 ratios shown for chemokine genes
on Affy Rat 230 2.0 GeneChip

Two dimensional hierarchical clustering
Sprague Dawley male rat

Rat 230 2.0 data processed with Mas5



Human 3D liver co-culture response to
inflammatory stimuli by release of cytokines

= 180 ; |L-1p
S 160 - B TNFg
S 140 - m GI-CSF
L -
e 120 -
T 100 -
=
2 50 = 14000 1
@ B0 E S B -5
=
£ gg - E | IL-5
= 1 10000 -
En 0 . »
conirol LPS S G000 1
Treatment (48h) = oo -
k]
= ]
._E 4000
2 2000 ;
= 0

conirol LPS
Treatment (42h)

Release of inflammatory cytokines in the medium upon treatment
with 10ug/mL LPS in 1-month-old human 3D liver co-cultures
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3D cultures tend to downregulate P450
genes Iin response to inflammatory agents

= >3-fold upregulation
M = no change
M = <-3-fold downregulation

TeE/E

1

cpel&;

Region of upregulation

Regions of downregulation

o /7

2D cultures also downregulate P450 genes but only in response to IL-6 at 24 hr
« Some P450s are upregulated, mainly by 2D cultures but not as much by 3D cultures

Log10 ratios shown for P450genes on Affy

Rat 230 2.0 GeneChip
Two dimensional hierarchical clustering

Sprague Dawley male rat
Rat 230 2.0 data processed with Mas5

RegeneMed



Phenobarbital In Vitro and In Vivo— CAR Activation
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i e S N < . ] phikaiate~ Carbamazepins™ P ’ _ al zir ' . (1) LR_InVivo_Rat_Male_Phencbarbital_100 ma/kg/day_72 hr_5

(2) LR_InVitro_Rat_Male_Phenobarbital_1 uM_24 11 144 2009
(3) LR_InVitro_Rat_Male_Phenobarbital_1 uM_438_11_147_2009

(4) LR_InVitro_Rat_Male_Phenobarbital_1 uMm_72_11_149 2009
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In vitro treatments match
DrugMatrix Drug Signatures

3D

0.40 1.0

_|_|_|_|_|_|_

i

e

(e ]

Posteriar Probability Score

[ ] e O R

-1.0

Experiment Name

Initro_Rat_h_Ciprofibrate_100...
Invitro_Rat_t_PCE-153_10-uM...
TCOD_2.0d_0.01maf kg _LIVER
Initro_Rat_M_LP%_10ugsmi_Eh...
Initro_Rat_b_Ciprofibrate_25-..
Intitro_Rat_h_Cobalt-Chloride. .
Initro_Rat_h_Phenylbydrazine. .
PCE-153_F_2.0d_80.0mg/kg_LI...
Infitro_Rat_F_Aroclorl 260_1-u...
Invitro_Rat_M_TCDD_10mM_96...
Intitro_Rat_M_IL-6_25ng/mi_24 ..
o_Rat_b_Araclor] 260_50- ..
Infitro_Rat_F_PCE-153_1-uhbd_4.
InWitro_Rat_bi_THFalpha_Sngfm...
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(biomarkers for specific pathologies). The posterior probability scores for each treatment and signature combination

All RegeneMed 3D in vitro and in vivo experiments were scored against a panel of DrugMatrix Drug Signatures
were clustered together. A score above 0.5 (red color) is considered a positive match.
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Summary

RegeneMed

Multicellular cell/tissue systems (with ECM, structure)
Support primary human cell system optimization; stem cells next gen
Acceptance of cell/tissue variability vs chem/bio assays

e ToxCast FDA pres: 19 human primary cell assays were more predictive than
100,000 chem/bio/transformed cell-based assays

Real-time, minimally invasive, in vivo-translated assays
Complex endpoints (pathways, signatures, GWAS/epi)
New approaches/assays (chronic, disease progression, mechanism)
Better integration of databases (industry, NIH, FDA, etc.)
More work on translation of animal to human data
Insilco models with human primary cell/tissue data
Balance academic complexity with industrially deployable

e Static vs flow; multiwell plate vs chips; standard workflow integration
Design for industry state-of-the art for rapid adoption
Predictive focus before lower cost, higher throughput

e 10% of pharma expenditures for R&D, 10% of that for preclin dev.

e $1M/day lost opportunity cost due to clinical toxicity failures
Industrial Leaders/1st Adopters OUS, how to change

Regulation integration (ICCVAM, ECVAM, OECD, FDA, Reach) and
accelerated pathway to animal replacement



