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About us

= Reagents and Kits for antigen-specific cellular| = Based in Copenhagen, Denmark
immune monitoring = North American operations based in Virginia, US

= Services improving immune monitoring
= Custom Solutions and Services
= Coming soon - Peptide-Binding Evaluation

= Tools for exploring cellular immunity within:

= |Immuno-Oncology

= Infectious Disease
= Transplantation

= Cellular Therapy

= Autoimmunity

= From Basic research to Diagnostics
= |VD Kit approved in EU + US
= (linical Grade (GMP) reagents
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Enabling Characterization of Antigen-Specific Immune Cells | m m U D EX®

Analyze Probe the unconventional Create high-avidity multimers Characterize your TCR
antigen-specific T cell response with any biotinylated molecule and track antigen-
T cells presenting cells
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CD8+ &
CD4+ T cells

MHC I & MHC II MR1 CDh1d Customized Klickmer® TCR
Dextramer® Dextramer® Dextramer® Dextramer® Dextramer®

GMP available
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Principles of MHC-Peptide and TCR Interaction

The peptide presented on MHC-I The peptide presented on MHC-11
molecule will stimulate a CD8+ T cell molecule will stimulate a CD4+ T cell
response response

CO8 + T cell C04 + T cell

T cell receptor
CD8 (TCR) cD4

TCR | TCR
.~ peptide
MHC | Y * MHC Il Y

Major histocompatibility
complex (MHC]

Half-life of the interaction

APC ~10 seconds i APC

For research use only. Not for use in diagnostic or therapeutic procedures IMMUDEX



Advancement of MHC Multimer-Based Technologies

Advances in the MHC multimer field improve the
detection of antigen-specific T cells:

= Higher-order multimers provide increased
avidity in detection of antigen-specific T cells

= Higher-order dextran-based multimers enable
detection of low-affinity T cells

= Increased number of fluorophores provides
higher resolution when detecting T cells by
flow cytometry

= DNA-barcoded multimers and NGS sequencing
enhance multiplexing capabilities

= Single-cell multi-omics enables simultaneous
acquisition of gene expression, phenotyping
and antigen-specificity information

Dextramer®
T % >> 10 min
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MHC Dextramer® Technology —
Reliable Detection of Antigen-Specific T-Cells by Flow Cytometry

Features of MHC Dextramer”’

= Flexible dextran backbone provides stabilization of
MHC Monomers

= Optimized number of MHC Monomers on dextran Flexible dextran

backbone enhances avidity backbone
= High number of fluorophores provides enhanced
resolution and minimal background staining
= High quality and consistency ensured by v
Immudex's quality control process Optimized number of pMHC
complexes

High number of Fluorophores
(FITC/PE/APC) or None

6 For research use only. Not for use in diagnostic or therapeutic procedures |mmUDEX



Example 1 — Longitudinal study of SARS-CoV-2 specific CD8+ T cell response

Monitoring SARS-CoV-2-specific CD8+ T cell responses over time

o Pre-pandemic After SARS-CoV-2 After After
P infection 1* vaccination 2™ vaccination

0.12 0.37 0.38 0.491

Non-Spike Panel

CDB/BvVY21

Dextramer/APC ————

0.004 0.013 0.017 0.0239

Spike Panel

COB/BVY21

[ ez
Dextramer/PE
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See full study here


https://www.immudex.com/media/2168/application-note-monitoring-long-term-t-cell-immunity-in-covid-19.pdf

Enabling Characterization of Antigen-Specific Immune Cells | m m U D EX®

Analyze Probe the unconventional Create high-avidity multimers Characterize your TCR
antigen-specific T cell response with any biotinylated molecule and track antigen-
T cells presenting cells
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Klickmer® Technology

Customize your multimer

A variety of biotinylated molecules can be
attached to the Klickmer™ enabling highly
sensitive detection of antigen-specific immune

cells.
Y P |
& s Examples of molecules that can be bound, include:
= B-cell antigens
= TCRs
= Peptides

= Interleukins

=  Immune stimulatory molecules
= Metal chelates/Lanthanides

.. And much more!

Acceptor site . Biotinylated molecule

@® Fluorophore /\ Dextran

5
9 Immudex is the sole manufacturer and provider of dCODE Dextramer® reagents, and support related to these products is through Immudex. For research use only. Not for use in diagnostic or therapeutic procedures I I II I I DEX



Customize your reagent based on the prefered target

Choose your Select reagent We make the Quantify CAR-T
target antigen type reagent for you cells

Acceptor sita
@ Fluorophaore
I Dextran

T4 OMA Barcode

Dextramer’

CD193, BCMA, CD22... Flow cytometry: Customized reagent Assess % of target-specific
Bv421, FITC, PE, APC design Dextramer®-positive T cells
Single-cell multi-omics: GMP possible by flow cytometry

ONA barcode + PE
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Applications in CAR-T Cell Therapy

I Direct CAR-T cell detection

I Enhanced sensitivity for low-affinity CAR-Ts, due to the high avidity of Dextramer®
technology and multiple fluorophores

I Assessment of transduction levels

I Determine the % of CAR-T-positive cells

I Demonstrate that the infusion product meets defined lot release criteria

I Monitor kinetics and persistence of infused CAR-T cells in patient blood samples

I Deeper characterization of target-specific CAR-T cells with gene and surface
marker expression by single-cell multi-omics

IMMUDEX




Example 2 — Detecting HLA-A2-specific CAR-Tregs

STUDY DESCRIPTION

Goal: to examine the impact of IL-10 co-expression in engineered HLA-AZ-specific CAR-Tregs.

£<00001  P<0 0001
Different CAR-Tregs were generated by lentiviral transduction of 4 different constructs: CAR specific A 100+ B IL10-A2CAR
to HLA-AZ2 alone (AZ-CAR), IL-10 alone (IL10-poly), both constructs (IL10-A2-CAR), and neither A B A2CAR
construct {Poly). The transduction efficiencies were assessed by NIS-TRFP expression by FACS. @ B0+ B IL10-poly
Transduced cells were further expanded and assessed for phenotype and suppressive function. o0 o Pol
To gquantify the CAR expression, Tregs were stained with MHC I Dextramer® reagent specific for E 80+ y
HLA-AZ2 /CINGVCWTV using flow cytometry, whereas IL-10 expression level was assessed by g
ELISA. x 404
®
o
32 204
0- T * \J
A2 B7 A2 B7 A2 BT A2 B7
Fig.1.
B 1004 g
A. HLA-A2/CINGVCWTV and HLAB7/APRGVRMAYV (control) sod F<0001 P00y
MHC I Dextramer® reagent were used to quantify CAR o
surface expression by flow cytometry. . ]
B. Antigen-specific Treg activation was assessed by CD69 S wlf g
upregulation. Transduced Tregs were cultured with 3° 7 Z
indicated B-LCLs for 18h followed by staining with anti- 201¥ 2
CD69 antibody and analysis by flow cytometry. 0- -

B wsmcw B uoan B wiopey n oy
B ars.c O aewcL O Unstimulates

Mohseni et al. 2021 - European Journal of Immunology
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https://onlinelibrary.wiley.com/doi/10.1002/eji.202048934?af=R
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dCODE Dextramer® Technology — Unravelling
the complexity of immune response through
single-cell multiomics

IMMUDEX



dCODE Dextramer’ Technology J
From Flow Cytometry to Single Cell Multiomics

DNA barcode
I\

Unique DNA barcodes for each dCODE Dextramer®

Tens to hundreds different dCODE Dextramer® used simultaneously
PE fluorochrome for enrichment of low-frequency cells

Can be combined with single-cell technologies (BD and 10x Genomics)

IMMUDEX




dCODE Dextramer®
10x and BD Workflows

dCODE DEXTRAMER®

| —

CHROMIUM
SINGLE CELL ANALYSIS

M dCODE Dextramer® (barcode)
. b TCR - V(D)J
e
CITE-seq =
g\ /" [Surface Markers)

Gene Expression

NGS LIBRARIES

10

GENOMICS®

T e =
xR

CELL SAMPLE FACS AND STAINED CELLS
TOTALSEQ™ ABS

) CD8+/DEX+
— «—
Dextramer®
SORTED CELLS CELL SORTING
SEQUENCING ANTIGEN-SPECIFIC
TCELLSAND
THEIR PHENOTYPE

et K
o Tl

POOL OF dCODE DEXTRAMER®
REAGENTS POOL OF BD® AbSeq CELL SAMPLE CELL STAINING

L@]F )

BO RHAPSODY™ SORTED CELLS

(j: Antigen Specificity
‘ IZ
d Cell Phenotype

§ Targeted Gene
Expression Profile

DNA LIBRARIES SEQUENCING

T-CELL PROFILE

& BD IMMUDEX
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Enabling Characterization of Antigen-Specific Immune Cells | m m U D EX®
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antigen-specific T cell response with any biotinylated molecule and track antigen-
T cells presenting cells

% L dmmnl £6

CD8+ &
CD4+ T cells

MHC I & MHC II MR1 CDh1d Customized Klickmer® TCR
Dextramer® Dextramer® Dextramer® Dextramer® Dextramer®

GMP available

IMMUDEX



Detecting Antigen-Specific T Cells

MHC Dextramer®

© PEPTIDE ANTIGEN

® * MHC

l ® FLUOROPHORE
/"\ DEXTRAN
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TCR Dextramer’

TCR Dextramer®

A 1TS—T14N

M\ Dextran @ Fluorophore YTCR
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The Making of TCRs

§
| —
| — e
——
— or
Immudex builds the TCR for you
Find TCR sequences with
Published TCR sequences dCODE DEXTRAMER®

Y

Soluble TCR TCR-DEXTRAMER®
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TCR DiVa — TCR Discovery & Validation

A complete workflow

Dextramer®

Cell Staining and Isolation of Candidate T Cells from Patients
Responding to Immunotherapy or Disease

o=

Partitioning of Candidate T Cells into Single-Cell
Reactions on BD Rhapsody™ or 10x Chromium

(|

Sequencing

O: Antigen Specificity

d V[D)J Sequencing
Gene Expression

cDNA Library Formation

TRAVLA VY TRAMD  CAMRGILTENGEYF
TREOL-0L E
TRAVED-1 TREJL-G CSAKSPUOGYERLEF
TRALI-2 TRARE  CAVSEOSGSARDLTF
TREDL-01
TREWT-2 THBJL2
3 TRAVZ2 TRARD  CAVENDYELSF

TREVT-8 TRBJZ-3 CSSRIPDTOVF

TRALI-Z  THEDL-IL THARP CAVSGGSSSARDUF
TREWT-2 TRBDZ-01 TAEJ1-2 CASSLOGROGEYTF

TREVT-2 TRBJL-4 CASSLYVRNEKLFF

TRAVESOVE TAAKD  CAPESITSGTYLYIF
TRBDZ-01 H

TRENT-2 TABJL-1 CASSLOGRGTEAFF

Identification of TCR and Target Pairs from
Candidate Antigen-Specific T Cells

2 pg/mL peptide
2.0x10%

1.5%10% . ???? B0y
1.0%10% 4 * a4 r "” «—
5.0%10%] APC N

0 0001 0.001 0.01
Dextramer concentrauon nM

Binding (gMFI PE)

Cellular Testing

Count

800 4

600

300

TCR Dextramer® PE

TCR Validation

l

\(é TCR L J _TCRB é
- % %

Soluble TCR

TCR Monomer and TCR Dextramer® Production
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Artificial Antigen-Presenting Scaffolds:

Expansion

T

MUDEX

L
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A Tailored Approach for T-Cell Stimulation and

IMMUDEX



PAX — New technology for evaluation of
- Potency-Activation-eXpansion

AIM:

Develop robust reagent for stimulation and activation of
specific T cells providing a technology:

= Cell-free

= Simple

= Customized

= Standardized

To be used to:
= Evaluate antigen-specific activation of T cells

= Expand antigen-specific T cells

= Explore effect of engineered co-stimulatory signals

Development Outline

= Construct artifical antigen-presenting scaffold (PAX reagent) B esseE aveEdinG
able to stimulate antigen-specific T cells, providing: © ey s AGTER

= Signal 1 - TCR-MHCp interaction = Activation marker on cell surface
= Signal 2 - CD28 engagement = Cytokine secretion
= Expansion- Proliferation

IMMUDEX




MHCp/aCD28 PAX reagents can activate virus-specific T cells
- inducing cytokine secretion

Evaluate induction of cytokine secretion Stimulated CMV-specific T cells produce IFNy

CMV+ PBMC sample comprising T cell subsets specific for:

= HLA-B*0702/TPRVTGGGAM (MHCrwy1)

= HLA-B*0702/RPHERNGFTVL (MHC¢tyy>) B MHCcyy, Dextramer+ Cells
Unstimulated '

B MHC.,, Dextramer+ Cells

Stimulate PBMC with:
= MHC¢yy1/aCD28 PAX

= MHCcnyq PAX
: . MHC py;/aCD28
= No stimulation PAX

Assay - evaluate IFNy production (Flow cytometry, ICS)

- MHC PAX
Conclusion: crvi

= PAX reagent displaying MHCp + aCD28 can stimulate
antigen-specific T cells to produce IFNy

0 200 400 600 800 1000 1200 1400 1600 1800 2000
IFNy

= Highly antigen-specific
= (CD28 engagement improve activation

IMMUDEX




Antigen-specific expansion of T cells with PAX reagent

Stimulation with MHC_,,,, /aCD28 PAX reagent Stimulation with MHC_,,,; PAX reagent (no aCD28)

100 100
90
80
70

60 60

50
40 25 fold expansion!

50

40
® MHCgy,; Dextramer ® MHCy, Dextramer

30 30

% Dextramer+ Cells
(of total CD8+ Cells)
% Dextramer+ Cells
(of total CD8+ Cells)

® MHC.y,, Dextramer ® MHCgy,, Dextramer

20 20

10 10

‘(_.
0 ‘)— O — 0 : ._;—H —0
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Days of incubation Days of incubation
H . Frequency of HLA-A*0201/MART-1 specific CD8+ T cells out of all
Conclusion: oo
= PAX Stimulation results in proliferation of virus-specific cells Days of
. . . . . L culture D205 D215 D219
» Proliferation is highly antigen-specific and CD28 dependent 0 0,025 0 0,026
13 0,26 2,15 1
= Similar results obtained w. naive MART-1 specific cells 33 5,68 8,74 87,4
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Antigen specific activation of TCR engineered T-cell with PAX reagent

= PAX reagents used for stimulation of TCR-T-cell product specific for MHC displaying cancer epitope

= Evaluate activation: expression of surface activation markers + cytokine production (Flow cytometry)

IFNy

.
MHC, /aCD28 PAX o

L fwr

- JTCRT
MHC, PAX -

L fwr

- JTCRT
M HCNeg/aCD28 PAX H

L fwr

[ FCRT
Tra nSACt 7 =
B-LCL/Peptide -I:

0 5 10 15 20 25 30 35 40 45

% cytokine expressing cells

Data kindly provided by Collaborator IMMUDEX




Antigen-specific activation of TCR-T cell line with PAX reagent

TNFa
[ A
MHC,/aCD28 PAX o
= f
MHC,PAX - S f
=) f
MHCy,,/aCD28 PAX 4 f
L I
-
TransAct -
. [ )
B-LCL/Peptide -
L ™

% cytokine expressing cells

= PAX reagents can stimulate engineered T cells to
= produce cytokines
= upregulate activation surface markers (CD69, CD137)

IL2

() TCRTcell

3  WTTcell

15 20 25

% cytokine expressing cells

= Activation is Highly MHCp-specific and CD28 co-stimulation dependent

Data kindly provided by Collaborator
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Antigen-specific expansion of TCRt engineered Cells with PAX reagent

all cells
34%
32—
PAX reagents can be used to expand and enrich for pe U“trgted
transfected/transduced T cells 6
6%
Expansion is MHCp-specific, and the resulting cell product is highly _ g_ ; Antigen-LCL
enriched for engineered cells § . o
g A .319;
Enrichment of engineered TCR expressing cells is comparable to E : f ; TransAct
what was achieved with peptide-pulsed antigen presenting cells 2 —_— 1} @)
1( e ) ‘.579; g
TCR engineered CD4+ Th cells are also efficiently expanded by PAX = .
0.5 I T | i " ®
0 2 4 6 &

Days after stimulation 2A (TCR tag)

O Untreated

@ PAX
© TransAct

© Antigen-LCL

Data kindly provided by Collaborator IMMUDEX



TAKE HOME MESSAGE

= Everything is customizable! Alleles, peptides,
barcodes...

= Technical Support throughout your journey
from Reagent Design to Data Interpretation

= Gain access to all our expertise pMHC & TCR
engineering, Assay Development, Quality
Control and more

IMMUDEX
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Thank you for your attention and do reach out!

Valérie Bodemeyer, Technical Application Manager customer@immudex.com
Mohammad Salem, PhD, Senior Pharma Business & Solution Manager mas@immudex.com

© Copyright Immudex ApS, Denmark, 2023. All rights reserved.


mailto:customer@immudex.com
mailto:mas@immudex.com

	Slide 1: Dextramer® technology supporting the development of more potent and effective cell-based therapies
	Slide 2: About us
	Slide 3
	Slide 4: Principles of MHC-Peptide and TCR Interaction
	Slide 5: Advancement of MHC Multimer-Based Technologies
	Slide 6: MHC Dextramer® Technology –  Reliable Detection of Antigen-Specific T-Cells by Flow Cytometry
	Slide 7: Example 1 – Longitudinal study of SARS-CoV-2 specific CD8+ T cell response
	Slide 8
	Slide 9: Klickmer® Technology 
	Slide 10: Customize your reagent based on the prefered target
	Slide 11: Applications in CAR-T Cell Therapy
	Slide 12: Example 2 – Detecting HLA-A2-specific CAR-Tregs
	Slide 13: dCODE Dextramer® Technology – Unravelling the complexity of immune response through single-cell multiomics 
	Slide 14: dCODE Dextramer® Technology From Flow Cytometry to Single Cell Multiomics
	Slide 15: dCODE Dextramer® 10x and BD Workflows
	Slide 16
	Slide 17: Detecting Antigen-Specific T Cells
	Slide 18: TCR Dextramer®
	Slide 19: The Making of TCRs
	Slide 20: TCR DiVa – TCR Discovery & Validation A complete workflow
	Slide 21: Artificial Antigen-Presenting Scaffolds:  A Tailored Approach for T-Cell Stimulation and Expansion 
	Slide 22: PAX – New technology for evaluation of - Potency-Activation-eXpansion 
	Slide 23: MHCp/aCD28 PAX reagents can activate virus-specific T cells - inducing cytokine secretion
	Slide 24: Antigen-specific expansion of T cells with PAX reagent 
	Slide 25: Antigen specific activation of TCR engineered T-cell with PAX reagent
	Slide 26: Antigen-specific activation of TCR-T cell line with PAX reagent
	Slide 27: Antigen-specific expansion of TCRt engineered Cells with PAX reagent
	Slide 28: TAKE HOME MESSAGE
	Slide 29

