Priming Drugs
for Success

We specialize in preclinical
testing using mouse disease
models with humanized
therapeutic targets
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E‘ﬁ In vitro and in vivo preclinical drug evaluation services

Proprietary mouse models of human disease
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Biomedcode’s Niche in the Drug Development Process

Biomedcode is a Contract Research Organization (CRO) that since 2006
specializes in providing high-quality, translational in vivo preclinical efficacy
evaluation services for pharmaceutical and biotechnology companies
developing novel biologics, biosimilars and small molecules. We support drug
development from early proof-of-concept through advanced preclinical
validation, generating robust data that enable informed go/no-go decisions
and accelerate the path toward clinical success.

Our integrated preclinical platforms are built around a unique portfolio of
well-characterized mouse disease models that closely replicate human
pathophysiology and incorporate clinically relevant humanized therapeutic
targets, including TNF, TNFR1, IL-23p19, IL-23p40, IL-17, TL1A and RANKL.
These validated models provide predictive efficacy assessment across
inflammatory and autoimmune diseases, fibrosis and oncology.
Complementing our in vivo expertise, we are now expanding our capabilities
with mouse-derived lung and intestinal organoid platforms for early-stage ex
vivo drug screening.

Biomedcode is a trusted partner to major pharmaceutical and biotechnology
companies across Europe, the United States and Asia, with a proven track
record of supporting IND-enabling development programs. Through long-term
collaborations with global industry leaders, we deliver high-quality,
translationally relevant preclinical research that helps de-risk and accelerate
the development of innovative therapeutics.

DISCOVERY & DEVELOPMENT

Objective: To identify new drug
candidates and optimise drug action

Target-based Phenotype-based drug
drug discovery discovery
Focuses on a specifi Compound i
biol target withou ing the

biological target

~5,000 - 10,000 compounds

~4.5 years
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PRECLINICAL STUDIES
Objective: To assess drug safety,

efficacy, and PK/PD before being
tested in humans

~250 compounds

~1year

@ Biomedcode

CRITICAL STEP IN

DRUG DEVELOPMENT PROCESS
+ Safety

+ PKand PD studies

Specialized
Preclinical Services .
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CLINICAL TRIALS

Objective: To evaluate drug safety,
efficacy, and optimal use in humans
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Our Solution and Our Competitive Advantage

N . Extensive list of proprietary transgenic and mutant mouse
Biomedcode . -
Priming ciugs for success models with Humanized Targets:

S e ® HUMANIZED

«  TNFR1 X

L Rk MOUSE MODELS
. IL23p19 Biomedcode offers mice

. IL23p40 humanized for the

. TL1A

Extensive list of validated mouse preclinical models
that recapitulate human disease complexity:

Rheumatoid Arthritis
Interstitial Pulmonary Fibrosis
Scleroderma

Crohn’s Disease
Colitis

Systemic Lupus
Spondyloarthritis
Osteoporosis
Psoriasis

Multiple Sclerosis
Cancer

Acute inflammation
Infectious Diseases

Validated Preclinical Platforms:

Standardized study design
Historical data with positive and Negative Controls
Optimized therapeutic window

Integrated Services:

ANALYSIS METHODS
* Clinical assessment

* Histology

* Molecular assays

» Cellular Assays

* Immunocassays

* immunophenotyping

* Enzymatic assays

= Clinical chemistry

- Hematological analysis
* Imaging

* Gene expression profiling

following targets:

TNF

TNFR1

IL17

RANKL

IL23p19

IL23p40

Transgenic/Mutant Mouse Model Development

«  Selecta druggable human protein/gene target

»  Scientific Consultation = Study Design = Ex vivo and In *  Design the transgene/mutation

vivo Efficacy=> In Vivo Monitoring = Sample collection,
processing and analysis—> Data Analysis = Reporting

+  Generate the mice carrying the mutation

+  Altered expression of the gene/protein usually leads to

spontaneous pathology

SUCCESSFUL

Track Record:
. Extensive track record of Successfully supporting multiple
IND applications




Biomedcode

Priming drugs for success

Offering Comprehensive Preclinical Research Solutions

In vivo pharmacology: PK/PD Sample Collection, Safety Assessment, Method Development, Efficacy drug evaluation
In vitro/ex vivo studies: Mechanistic studies in 2D cell cultures, Precision Cut Tissue Slices, Organoids
Read Outs: Pathology & Histology, Molecular Assays, Gene Expression Profiling, FACS, Imaging

Reporting and Data interpretation

Scientific

Consultation

Customized
Study

Generation of novel humanized mouse models
Design

Novel disease model development

P rec | | n | ca | R & D Novel assay development

In vitro Services for Clients Research Funded projects 1

Ex vi :
S Development for Clients
Screening

Customized Services for Clients
Participation in funded research projects/networks

Collaborative drug discovery activities

Infrastructures
Enzymatic Cell culture
Assays Molecular analysis
Histopathology
Animal facilities

Cytokine
Analysis

Molecular
Assays

Histology

Biochemical | . Pt
. : maging harmaco
Analysis  [Hematological i
¢ genomics
Analysis

Standard Operating Procedures




Our Pipeline

Assigning preclinical team
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* Mouse model Generation of experimental mice
+ Historical data

+  Scheme of treatment
+ Read outs
+  Samplescollected

( °) Biomedcode
Priming drugs for success

i

¢ Synchronized matings

CLIENT ¢ Phenotyping
s Genotyping

In vivo (in-life) part of study EOS (End of Study) REPORTING

Histology

Cytokine
Analysis

Group formation

“Well, I guess we're the control group.

Molecular
Assays

Clinical
Assessment [

Enzymatic
Assays

Biochemical

; Pharmaco
Analysis Imaging

genomics

o Weight

s Score

s Age Hematological
g . . Analysis

s Malevs female e Test compound preparation and dosing

¢ Weight measurements

¢ C(Clinical Score measurements
* Monitoring for side effects

¢ Troubleshooting

Durations: hours-months



Offering Reliable, Ethical and Reproducible Science
D someseose

Biomedcode has integrated in its mode of operation:

IND
Enabling
* Quality Management System -
, ] . _ Reporting
 Experimental Licenses, ethical compliance @
* Customized Study Design
* SOP-driven processes Data
. Integrit
* Documentation Forms ALCOA :gfye

* Program Management
e Calibrated equipment
* QA checkpoints at different project phases b GLP-compliant
 Archiving SOPs

* Audits

Validated Preclinical Platforms
Operaticon according to National
& European Legistation

Consulting
Scientific Consulattion
Method Development
Customized Study Design



Biomedcode is a Partner of Choice for leading Pharma and Biotech partners
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Biomedcode is a partner of choice in European and National Funded Research Consortia

Biomedcode

Priming drugs for success

Participation in National Funded Projects

BreastCaRANKL: Development of breast cancer mouse models
HUPLA: Humanized mice for IL17 and IL23 pathogenic pathways
SEPIA: Integration of imaging approaches in preclinical platforms
DrugArt: Development of novel small molecule therapeutics
BioOnChip: Development of tumor on chip for preclinical testing
THERALEAD: Development of arthritis therapeutics

Participation in European Funded Projects

PRIMTECH3R (2025-2028): Drug screening using organotypic cultures
INFRAPLUS (2024-2027): Lung and Intestine organotypic cultures
Infrafrontier2020: Specialized Phenotyping Pipelines

aDDRess: Progeria and inflammation

CodeAge: Progeria and inflammation

TARKINAId: Src kinase inhibition in arthritis

TARKINAId: Src kinase inhibition in arthritis

Infla-Care: Intestinal Inflammation and Cancer

Masterswitch: Pathogenic pathways in arthritis Pharmacogenomics & Metabonomics

MUGEN: Pathogenic pathways in arthritis

Journal of

Advancing Scientific Knowledge Through Research and Publication

Nuarieral JTransiMed  (2021) 19:165
hetps://doiong/10.1186/512967-021 02764y Joumal of

Translational Medicine

RESEARCH Open Access

Combination of subtherapeutic anti-TNF 2

dose with dasatinib restores clinical

and molecular arthritogenic profiles better
than standard anti-TNF treatment

Lydia Ntari', Christoforos Nikolaou?, Ksanthi Kranidioti', Dimitra Papadopoulou?,

Eleni Christodoulou-Vafeiadou', Panagiotis Chouvardas™, Florian Meier™”, Christina Geka', Maria C. Denis',
Niki Karagianni' and George Kollias™” @

roteome

.research
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Article

Targeted metabolic profiling of the Tg197 mouse model
reveals itaconic acid as a marker of Rheumatoid Arthritis.

Filippos Michopoulos, Niki Karagianni, Nichola M. Whalley, Mike A Firth, Christoforos
Nikolaou, lan David Wilson, Susan E. Critchlow, George Kollias, and Georgios A. Theodoridis

J. Proteome Res., Just Accepted Manuscript « DOI: 10.1021/acs.jproteome.6b00654 « Publication Date (Web): 05 Oct 2016

Downloaded from http://pubs.acs.org on October 6, 2016

Mesenchymal TNFR2 promotes
the development of polyarthritis
and comorbid heart valve stenosis

Maria Sakkou,' Panagiotis Chouvardas,* Lydia Ntari,’ Alejandro Prados,’ Kristin Moreth,”

Helmut Fuchs,’ Valerie Gailus-Durner,’ Martin Hrabe de Angelis,*** Maria C. Denis,*
Niki Karagianni,* and George Kollias"

RESEARCH ARTICLE

An integrative transcriptome analysis
framework for drug efficacy and similarity
reveals drug-specific signatures of anti-TNF

|@~TEk
Journal of Controlled Release »
Volume 242, 28 November 2016, Pages 16-24 -

OPEN ACCESS

RESEARCH ARTICL

Improved topical delivery of tacrolimus: A novel
composite hydrogel formulation for the treatment
of psoriasis

@ 'SMASH' recommendations for standardised
microscopic arthritis scoring of histological sections
from inflammatory arthritis animal models

Silvia Hayer @ ,' Margriet ) Vervoordeldonk, > Maria C Denis," Marietta Armaka,”
Markus Hoffmann,® Johan Backlund,” Kutty Selva Nandakumar @ ,"#

Birgit Niederreiter,’ Christina Geka,” Anita Fischer,* Nina Woodworth,'®

Stephan Bliml © ' George Kollias @ ,*'" Rikard Holmdahl @

Florence Apparailly,"? Marije | Koenders'®

TRANSLATIONAL MEDICINE

Moore et al.loumol of Translational Medicine 2014, 12285 e
It/ e tramlational medicine comvcontent/1 2/1/285. T JOURNAL OF

RESEARCH Open Access

Collagen Il antibody-induced arthritis in
Tg1278TNFko mice: optimization of a novel
model to assess treatments targeting human
TNFa in rheumatoid arthritis

IFESIMENER Bnele e Brir ARl B o e e
polyarthritis
Niki , Ksanthi Fikas -2, Maria Tsochatzidou?, 34 ot elLife RESEARCH ARTI a ®

mcmwm*‘ Maria C. D.nh‘ George Kollias>*,
Christoforos Nikolaou - >**

Basic and translational research

EXTENDED REPORT
Comorbid TNF-mediated heart valve disease a
OMNAES | clironic polyarthritis share common mesenchy
cell-mediated aetiopathogenesis

Lydia Ntari,"? Maria Sakkou,' Panagiotis Chouvardas," "3 lordanis Mourouz
Alejandro Prados Maria C Denis,” Niki Karagianni,” Constantinos Pantos,

Mir221/222 drive synovial hyperplasia
and arthritis by targeting cell

cycle inhibitors and chromatin
remodeling components

Fani Roumelioti'?, Christos Tzaferis'?, Dimitris Konstantopoulos',

Dhmtr- Plpadcpoulou' 2 Alo;-ndrc Pndol erll Sakkou'*, Anastasios Liakos®,
'I'L ®, Yiannis Pandis', Niki Karagianni®,

erh C Dcnll‘ Maria Foushrl' Maria Arm-kn’ George Kollln' AN

George Kollias'



Biomedcode’s Portfolio of preclinical mouse models

Disease models HUMANIZED
INTESTINAL MOUSE MODELS

INFLAMMATION Biomedcode offers mice
humanized for the
following targets:

ACUTE
INFLAMMATION

SPONDYLOARTHRITIS MULTIPLE SCLEROSIS

TNF
PSORIASIS LUPUS
INFECTIOUS PULMONARY ik
MODELS FIBROSIS

IL17
ARTHRITIS OSTEOPOROSIS T

IL23p19
CANCER SYSTEMIC

SCLEROSIS
IL23p40

hTL1a
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3 6 9 12
Age of mice (weeks)
1 -e-vehicle
~o-Enbrel®
| -+ Simponi®
- Remicade®

-o-Humira®

Age (weeks)
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Our first Case Study/Success Story: Predicting Clinical Success

Tg197: A human TNF expressing mouse spontaneously developing arthritis. The
cornerstone model for Biomedcode, used extensively by the Pharma industry to support
the development of multiple anti-hTNF biologics and biosimilars.

wt control

}frontiers
in Immunology

An Anti-hTNF-o Variable New Antigen
Receptor Format Demonstrates
Superior in vivo Preclinical Efficacy
to Humira® in a Transgenic Mouse
Autoimmune Polyarthritis Disease

Model

20 1 -e-Vehicle Obinna C. Ubah™, John Steven', Andrew J. Porter - and Caroline J. Barelle"
o} -o-1mg/kg Humira® * Basmogen L, Abardsen, Unied Kingdom, * Scottish Eiologics Facilty, Schoolof Mecical Sciences, University of
(=] . Abardoen, Abardeen, United Kingdom
3 15 -+~ 3mglkg Humira®
o - 10mg/kg Humira®
.8 -&-30mg/kg Humira®
=
£ 1,0 1 .
E ,,,, 4 EXPERT OPINION ON BIDLOGICAL THERAPY, 2016 e Taylor & Francis
° - https/cx dol.org/10.1080/14712598.2016.121 7329 ylor & Fraencis Grougr
2
>0 ORIGINAL RESEARCH

i . . . S Characterization and non-clinical assessment of the proposed etanercept biosimilar

3 4 5 6 7 8 9 10 GP2015 with originator etanercept (Enbrel”)
Age (weeks) Hans-Peter Hofmann®, Ulrich Kronthaler®, Cornelius Fritsch®, Roger Grau®, Stefan O. Miiller, Robert Mayer®,

Andreas Seidl® and Antonio Da Silva®

*Preclinical Development, Sandoz Biopharmaceuticals/Hexal AG, Holzkirchen, Germany; "External Bioassay Support, Novartis Pharma AG, Basel,
Switzerland; <Sandoz Biopharmaceuticals/Hexal AG, Holzkirchen, Germany; “Phys. Chem. Characterization, Sandoz GmbH, Langkampfen, Austria;
“Global Analyt Charact. & Bioanalyt, Hexal AG Oberhaching, Bayern, Germany

Simultaneous targeting of TNF and Ang2

) with a novel bispecific antibody enhances efficacy
in an in vivo model of arthritis
1 p
’——‘ I—:l Palanisamy Kanakaraj,'* Bridget A. Puffer,' Xiao-Tao Yao,' Spandana Kankanala,' Ernest Boyd,' Rutul R. Shah,' Geping Wang,’

Histology score

Dimki Patel,' Rajesh Krishnamurthy,' Shashi Kaithamana,' Rodger G. Smith,' David W. LaFleur,' Carlos F. Barbas 1,2
David M. Hilbert,' Peter A. Kiener' and Viktor V. Roschke'*

untreated  1mag/kg 3mg/kg 10mg/kg 30mag/kg

Hum Ira® dose 'Zyngenia, Inc; Galthersburg, MD USA; “Department of Chemistry and Molecular Biology; The Skaggs Institute for Chemical Biology; The Scripps Research Institute;
LaJolla, CAUSA



ARTHRITIS

hTNF dependent mouse models of Arthritis (Spontaneous Models)

N
3

——Tg197

—a—-Tg5453
Spontaneous Arthritis o |7V I
« Tg197: hTNF dependent fast progressing pathology c;)%’ 15 | $ [
* Tg3647: hTNF dependent slow progressing pathology 8 .
+ Tg5453: transmembrane hTNF dependent fast progressing pathology ft: " A

0.5 :
These are mice that overexpress human TNF and they spontaneously develop arthritis pathology
0
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Age (weeks)

Models validated with:
Remicade (Infliximab), Enbrel (Etanercept), Humira (Adalimum), Cimzia (Certolizumab), Simponi (Golimumab)
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hTNF/hTNFR1 dependent mouse models

Tg1278TNFKO: transgene expressing normally regulated hTNF in the absence of mouse TNF. These mice do not have a spontaneous phenotype but they overexpress hTNF following induction.

hTNFR1KI: knock-in mice expressing human TNFR1 in the place of mMTNFR1

Biomedcode
Models validated with: Remicade (Infliximab), Enbrel (Etanercept), Humira (Adalimumab) g e e
LPS Sepsis Model Listeria Infection Model Collagen Antibody Induced Arthritis (CAIA) Model
100 =8 TNFKO *© —e—G1 Saline
25000 = & Tg1278TNFKO 141 —i--GZHumia 10 gk
= L —+ Tg1278TNFKO Rem3 o2 pocielammar
0004 __ g % Tg1278TNFKO Rem1 20
2 @ % Tg1278TNFKO Rem0.3 2
15000~ T 50+ 8
- 2 &
S 10000- s L g
£ 4.
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i ﬁ p—— 0 2 with treatment starting on day 5
Saline  RO.3 R1 R3 0 5 10 15 ? 0 2 4 6 8 10 12 14
Days

Percent survival

100

50 -

LPS/GalN Hepatic Failure Model

I- Saline

Remicade 0.3mgky

e
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20 40 60 80
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Days post arthritis induction

MOG-induced Experimental Autoimmune Encephalomyelitis (EAE)
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mean group in-vivo arthritic score + sem
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hTNF/hTNFR1 dependent mouse models of spontaneous arthritis

Tg197/hTNFR1KI Arthritis

W
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hTNF dependent mouse models of induced colitis

code
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antiCD40-induced Colitis Model

Tg197/RaglKO mice

-human TNF expressing mice-

In vivo Monitoring and Dosing

[

Day O

Colitis aCD40
induction

Thick Organ Culture Analysis
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3
-
*
4000 1
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E
o
Q. 2000+
@ M
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10004
0+
aCD40 - + +
Infliximab - - +

1
Day 7

Sample collection
and analysis

Histopathological Analysis

Histopathological Score
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Infliximab - - +

Colon histology score

DSS-induced Colitis Model
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lleum Histology

TNFDARE/hTNFR1KI develop a Crohn’s like pathology that progressively worsens with age
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TNFDARE/hTNFR1KI develop arthritis that progressively worsens with age
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Cytokine
legendplex analysis
of ilea Thick Organ
Cultures

IL-17A (pg/ml)

ileum histology scoring

MTNF/hTNFR1 dependent mouse model of Arthritis and IBD

TNFAAREATNFR1KI: mouse TNF overexpression in the context of hnTNFR1. These mice develop spontaneously arthritis, IBD and heart valve pathology
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MTNF/hTNFR1 dependent mouse model of Arthritis and IBD

TNFAAREATNFR1KI: mouse TNF overexpression in the context of hnTNFR1. These mice develop spontaneously arthritis, IBD and heart valve pathology

arthritis histology scoring
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MTNF dependent mouse model of Spondyloarthritis (Spontaneous Model)

TgA86:
Transmembrane mouse TNF overexpression
Spontaneous development of SpA pathology signs

tmTNF-Dependednt SpA Model

» Development of peripheral arthritis pathology
» Development of axial spondylitis pathology

» Ectopic new bone formation

» Systemic bone loss

» Comorbid heart valve pathology

‘TgA86 20wks ~_ TgAB86 40wks
N+ SR v gl
E o | 8

.; g :. ".\_; s (‘“ “:-,,
s/o staining showing new bone formation
CT imaging showing

vertebral ankylosis and
new bone formation

Christodoulou-Vafeiadou E et al. Arthritis Res Ther. 2020 Oct 6;22(1):232.
doi: 10.1186/s13075-020-02327-4. PMID: 33023659; PMCID: PMC7542121.

Model validated with:
Enbrel (Etanercept)
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hiL17 dependent mouse models

Combined with spontaneous and induced disease models Models validated with:
TghlL17mIL17KO: express normally regulated hIL17 in the absence of mIL17 «  Cosentyx (Secukinumab)
« Taltz (Ixekizumab)

Tg197/TghlL17a Arthritis TghIL17a IMQ-induced Psoriasis TghlL17a MOG-Induced EAE
» 4 -e- TghlL17A
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TghlL23A

Lung pathology
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Tghit23A

Skin pathology

Skin Clinical Score
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A Novel Human Interleukin-23A Overexpressing Mouse
Model of Systemic Lupus Erythematosus
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and George Kollias*
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hiL23A dependent mouse model of colitis (Induced Model)-hIL23p19 Knock In mouse

()
R
. O
=
el
2
ULCERATIVE | \ 2
| e 3 2
coums  \\\J)
»?) Vehicle
Human IL23A knock in =
| Rag1 knockout =
Tremfya 15mg/Kg
B
weight ([weight || weight || weight || weight || weight
In vivo monitoring Histopathological analysis Colon inflammatory activity
kk
ok
S35
1104 S 1500~ .
® = I
Ccl 105+ P S
Y 4 * * S 24 L ]
£ 1004 L L T g E 1000
2 4 " £ =
o 951 s 8 [ ] s =% °
c & “ e @ .
g 90 & no induction E 14 = 500
E : . " antiCD40 & o .
B 85 & anh-CD40- Tremfya £ 1!' .. L
%6 Sic alee fvr |
80 T T T T T T 1 0 0 T T >80
o 1 2 3 4 5 & 7
Time (days) aCD40 - + o aCD40 - + +

Tremfya - - + Tremfya - - +



hIL23A dependent mouse model of psoriasis (Induced Model)- hIL23p19 Knock In mouse
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hRANKL dependent mouse model of Osteoporosis (Spontaneous Model)

TghRANKL.: Model validated with:
hRANKL overexpression Prolia (Denosumab)

Spontaneous development of osteoporosis
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FIBROSIS

Bleomycin-induced interstitial lung disease (IPF) (Induced Model)
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Bleomycin-induced Scleroderma Model (Induced Model)
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4T1 Breast Cancer Model (Syngeneic Model)
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Other syngeneic cancer models available include LLC, GL261, B16F10 etc.

In vitro: 4T1 cell line is also available for in vitro cellular assays, such as cell apoptosis, proliferation, viability and would healing

@ code
Priming drugs for success



Moving towards New Approach Methodologies (NAMs)

e code
@ Expanded Portfolio with Organotypic Cell Cultures

*  Thick organ cultures (intestine, skin)
*  Precise cut lung sections (PCLS)

*  Precise cut liver sections (under development)
*  Precise cut heart sections (under development)
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MODELS BY THERAPEUTIC
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Humanized precision models
ready made or engineered to your needs
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