Manipulation of the immune response
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Chronic inflammatory diseases of the upper and lower airways

Asthma, COPD, CRS, and others

trigger

currently available therapies

chronic |
inflammation (to prevent progression)

v

airway remodeling
(destruction of functional tissue)

v

progression

e.g. local acting steroids, biologics



Steroids/NF-xB blockade: mechanism of action
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Steroids/NF-kB blockade: mechanism of action
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Mechanisms of steroid resistance

(in neutrophilic granulocytes)
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Mechanisms of steroid resistance: HDAC2 reduction

(in macrophages)
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Biologics / monoclonal antibodies
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Concept of phenotyping and endotyping a disease

Asthma Syndrome
Charactenzed by variable and Ast h ma
recurnng symptoms, airflow obstruction,
bronchial hyperresponsiveness,

and inflammation

Syndrome
|

Phenotypes

Observable charactenstics including
clinical presentation, triggers, and
treatment response

Phenotype Phenotype
Endotypes I I
Cor_‘nd@tion subl_ype defined by
s E ndoty pe ll Endotype | Endotype
{links clinical characteristic
with a molecular pathway)

=> endotypes are key for the individual success of a therapy / efficiency of a drug

= there are smooth transitions between the different endotypes
= endotypes might change with age and disease progression

= endotype reseach is the way to a personalized medicine — the ultimate goal to optimize individual therapy strategies

mod. accordingto Ortitz, 2014 http://advanceweb.com/web/AstraZeneca/focus_on_asthma_copd_issue10/Focus-on-Asthma-COPD-Issue-10-Asthma-Phenotypes.html



Endotype:

Inflammation endotypes T2 versus non-T2
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Brusselle et al. Nature Medicine 2013
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T2 = Type 2 = T2high Inflammation T1+3 = non-Type 2 = T2/low Inflammation



Severe Asthma:

Biomarker for inflammatory patterns
Serum-IgE: >76 1U/mL
Bluteosinophile: >150/300 Zellen/uL
FeNO: <25 ppb

FeNO: >50 ppb

doi.org/10.3389/fmed.2022.921967

— T2 / allergic inflammation
— T2 / eosinophilic inflammation
— non-T2 / steroid-insensitive inflammation

—> T2 / steroid-sensitive inflammation
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Chronic Rhinosinusitis

Nasal Polyps

Nasal Cavity
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Obstnjucted sinus
opening

Nasal Vestibule

Fluid
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By Centers for Disease Control and Prevention - https://www.cdc.gov/sinus-infection/about/, Public Domain,

https://commons.wikimedia.org/w/index.php?curid=155109646 (2025-04-011) https://rockytop-ent.com/nose/nasal-polyps/



CRS

CRS

Chronische Rhinosinusitis : Endotypen
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doi.org/10.3390/ijms22094369
doi.org/10.1111/all.13760

doi: 10.1007/s13555-022-00737-7
doi.org/10.3390/biomedicines10102486
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Chronic Rhinosinusitis: pathophysiology
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Asthma

By United States-National Institute of
Health: National Heart, Lung, Blood
Institute -
http://www.nhlbi.nih.gov/health/health-
topics/topics/asthma/, Public Domain,
https://commons.wikimedia.org/w/index.p
hp?curid=24760677




Asthma

Asthma: Endotypen
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doi: 10.1007/s13555-022-00737-7
doi.org/10.3390/biomedicines10102486



<@ 2 b (chronic Obstructive Pulmanary Disease)

Normal Bronchus

@ Inflamation and
EXCESS MUCUs

Normal Alveoli Emphysema

@ Alveolar
membranes break
down

COPD Symptons

© ChronicCough ¢ Production of Mucus
© Fatigue © Shortness of Breath
© Chest Discomfort & Dyspnea

(2025-04-011) https://springfieldmedicalclinic.com/blogs/what-is-chronic-obstructive-pulmonary-disease-copd



COoPD

COPD: Endotypen
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doi: 10.1007/s13555-022-00737-7
doi.org/10.3390/biomedicines10102486
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Eosinophile Granulomatose mit Polyangiitis (EGPA): Endotypen
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created/mod. according to

Brusselle et al. Nature Medicine 2013
doi.org/10.3389/fimmu.2017.00695
doi: 10.1007/s13555-022-00737-7
doi.org/10.3390/ijms22020910
doi.org/10.1016/j.anai.2022.04.020
doi.org/10.3390/ijms22094369
doi.org/10.1111/all.13760

doi: 10.1007/s13555-022-00737-7
doi.org/10.3390/biomedicines10102486
doi: 10.3389/fmed.2021.627776

doi:: 10.1038/s41584-022-00819-y
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Brusselle et al. Nature Medicine 2013
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doi.org/10.3390/ijms22094369
doi.org/10.1111/all.13760

doi: 10.1007/s13555-022-00737-7
doi.org/10.3390/biomedicines10102486
doi: 10.3389/fmed.2021.627776



Mechanisms of biologic drugs: anti-IgE antibody (Omalizumab)
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mod. nach Boushey, JACI, 2007

- der anti-IgE Antikdrper bindet an die konstante Fc Region des IgE Antikdrpers
- dadurch kann der IgE Antikérper nicht an die Mastzellen binden

- dadurch kénnen die Mastzellen nicht durch das Allergen aktiviert werden



[Allergic rhinitis]

EGPA (role of ILCs is unclear)

Mechanisms of biologic drugs: anti-IgE antibody (Omalizumab)
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Mechanisms of biologic drugs: anti-IL-5 und anti-IL-5R0,/CD125 antibody (Mepolizumab, Reslizumab, Benralizumab)
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Mechanisms of biologic drugs: anti-IL-5 und anti-IL-5R0,/CD125 antibody (Mepolizumab, Reslizumab, Benralizumab)
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Brusselle et al. Nature Medicine 2013
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doi.org/10.3390/ijms22020910
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Mechanisms of biologic drugs: anti-IL-4Ra antibody (Dupilumab)

Anti-IL-4Ra
antibody

mod. according
tohttp://www.springerme
dizin.at/artikel/50157

* |L-4- and IL-13-receptors each are heterodimers

* both receptors contain IL-4Ra
= anti-IL4Ra antibody binds and blocks both IL-4 and IL-13 receptors
= B cells are not activated by IL-4 and IL-13 to produce IgE antibodies

= this concepts evades the redundant functions of IL-4 and IL-13



Mechanisms of biologic drugs: anti-IL-4Ra antibody (Dupilumab)

Trigger  pustugmuugpeuc sy, e o Trigger
D .. . ..

TSLP
IL-25, IL-33 % /
allergic endotype
Dendritic cell
Mg .. @ . @ .
CD4 T cell Innate

CD4 T cell Innate CD4 T cell Innate
lymphoid cell

lymphoid cell lymphoid cell
doi.org/10.1016/j.anai.2022.04.020

IFNYy IL-17
TNF IL-22
doi.org/10.3390/ijms22094369

Macrophage Neutroph“ doi.org/10.1111/all.13760
doi: 10.1007/s13555-022-00737-7
doi.org/10.3390/biomedicines10102486

IL-5

created/mod. according to

Brusselle et al. Nature Medicine 2013
doi.org/10.3389/fimmu.2017.00695
doi: 10.1007/s13555-022-00737-7
doi.org/10.3390/ijms22020910

Mast cell Eosinophil

T2 = Type 2 = T2high Inflammation T1+3 = non-Type 2 = T2/low Inflammation

[Allergic rhinitis] ® O

Asthma — llergic —@ @ €05 ——Q C non-type 2  ————— ——
CcopPD @— +e05 =@ @ o
CRS @ WNP (major), sNP (30-55%) =g @ WNP (minor), sNP (asian: major) =g

EGPA(ro,eof’LCsisuncIear) .lllllllllllllllllllllllllllll_lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll.



TSLPR

Extracellular
portion

Plasma
membrane

Intracellular |
portion )

Mechanisms of biologic drugs: anti-TSLP antibody (Tezepelumab)
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https://www.creativebiolabs.net/tezepelumab-overview.htm
DOI: 10.2332/allergolint.11-RAI-0376



Mechanisms of biologic drugs: anti-TSLP antibody (Tezepelumab)
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Animal experimental evidence of the "immunosurveillance
Theory" by Burnet (1957)

RAG2-deficient mice
ﬁ(}arcinngen

N | mmunodeficient

= mice
200 10
days = Immunocompetent

mice

80

60+

40

207

Percentage of mice with tumors

0 80 160
Time after carcinogen treatment (days)

immunocompetent mice

SCIENCE VOL 331 25 MARCH 2011



"Immunosurveillance” by natural killer cells
of the innate immune system



-

Natural Killer Cells (NK-cells)

function Release of Perforin and

- Granzym which can kill
tumor cells




NK cells recognise tumour cells: mechanism 1

MHC class | on normal cells is
recognized by
killer cell immunoglobulin-like receptors
(KIRs) or by lectin-like CD94:NKG2

NK cell does not kill the normal cell

NK cell

CD94:NKG2 activating ligand

MHC
class |

Figure 2-50 part 1 of 2 Immunobiology, 6/e. (© Garland Science 2005)




‘Altered’ or absent MHC class | cannot
stimulate a negative signal. The NK cell
is triggered by signals from activating

Activated NK cell releases granule
contents, inducing apoptosis
in target cell

Figure 2-50 part 2 of 2 Immunobiology, 6/e. (© Garland Science 2005)




Tumour antigens against which an adaptive
Immune response can evolve



Examples for the presentation of tumour antigens

Normal cell presents self peptides
bound to MHC molecules

Reactivation of germ cell genes in a
tumor cell not normally expressed in the
differentiated cell results in presentation of
antigens novel to the adult immune system

Overexpression of normal self protein
by a tumor cell changes density of peptide
presentation, allowing recognition by T cells

Figure 14-13 Immunobiology, 6/e. (© Garland Science 2005)




MAGE=melan
oma-
associated
antigen

HER-2= Receptor
tyrosine-protein
kinase erbB-2

MUC= Mucin

Potential tumor rejection antigens have a variety of origins

Class of antigen Antigen Nature of antigen Tumor type
Differentiation Tyrosinase Enzyme in pathway Melanoma
of melanin synthesis
Surface Ig Specific antibody after Lymphoma
gene rearrangements in
B-cell clone
Abnormal HER-2/neu Receptor tyrosine kinase Breast
gene expression Ovary
Abnormal post- MuC-1 Underglycosylated mucin Breast
translational Pancreas
modification
Oncoviral protein HPV type 16, ||| Viral transforming Cervical carcinoma
E6 and E7 gene products
proteins
Tumor-specific Cyclin- Cell-cycle regulator Melanoma
mutated oncogene || dependent
or tumor kinase 4
suppressor
[3-Catenin Relay in signal transduction ||| Melanoma
pathway
Caspase-8 Regulator of apoptosis Squamous cell
carcinoma
Germ cell MAGE-1 Normal testicular proteins Melanoma
MAGE-3 Breast

Glioma




“Danger” Intrinsic tumer suppression

Transformed signals  Tumor  NKR {senescence, repair, Normal
cells *.. antigens ligands and/or apoptosis) tissue
<
Carcinogens
Radiation

Viral infections
Chronic inflammation
Inherited genatic mutations

Elimination Equilibrium Escape

iL—ES IL-10 TGF B
Galectin- 1

, oll-12
.u

Tumeor dormancy

and editing
Innate & IL-12
adaptive TNF
immunity | NKG2D
Tumor growth
@ MNormal cell d
promotion
Highly immunogenic
transformed cell
S Poorly immunogenic
insi nd immunoevasive
Extrinsic tumor :| 4
suppression . transformed cells

SCIENCE VOL 331 25 MARCH 2011 Cancer Immunoediting




Mechanisms involved in the
iImmune escape of tumor cells

No adhesion molecules
No co-stimulatory
molecules

APCs in absence of
co-stimulation
tolerize T cells

sis and degradation of
the antigen. Inmune
selection of antigen-
loss variants

Low Tumor treated as Antigenic Tumor-induced Tumor-induced
immunogenicity self antigen modulation immune suppression privileged site
Tumor antigens taken Antilllaod?.'fagainstt_ umar
ide: i cell-surface antigens
No peptide:MHC ligand up and presented by b nhatinhs do%yto- Factors (g, TGF-B) Factors secreted by

secreted by tumor cells
inhibit T cells directly

tumor cells create a
physical barrier to the
immune system

Figure 14-14 Immunobiology, 6/e. (© Garland Science 2005)
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How can the immune system be activated so that
it actively fights tumor cells?

Immunization with tumor antigens



Immunization with gene-transfected tumor cells

Recombinant (DNA) Cell Vaccines
(2)

Genetic
manipulation
(1) cells
Harvest @

tumor
3
cells (3)

(5)

Irradiate cells Inject

A va.cm ne
into

same
patient

(4)

Prepare !
live celli /f
vaccine #

Naylor, M. F. (2000). Melanoma Vaccines. Dermatology Online Journal, 6(1).




Immunization with gene-transfected tumor cells

Transfect tumor cell
with GM-CSF

GM-CSF recruits dendritic
cells, which can present
tumor antigens to T cells

v

A GM-CSF
»

Figure 14-20 part 2 of 3 Immunobiology, 6/e. (© Garland Science 2005)

Stimulation of naive T cell

Proliferating T cell

Active effector T cells kill
tumor cell

IL-2

< =

IL-2 receptor
> - ~
&\_/ \_.1(Q

RECOGNITION

>

PROLIFERATION DIFFERENTIATIO}

EFFECTOR FUNCTION

Figure 8-22 Immunobiology, 6/e. (© Garland Science 2005)



"Complete response" through vaccination in a melanoma patient

CR - _0]
bx negative =
o
-
L
07/07/08 10/05/09

©2011 American Association for Cancer Research.
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How can the immune system be activated so that
it actively fights tumor cells?

Use of antibodies and tumor antigen
specific immune cells



1

Use of antibodies (conjugates) for the treatment of tumors

a Tumour-specific IgG b Angiogenesis inhibition c Checkpoint blockade

Tumour

cell P
Receptor Teell a

Tumour—j) \A . pDLl

VEGFR
VEGF  CTLA4 }

antigen
Complement

PDL1-

Effector cell = Y specific
\ /p;imumab Nivolumab

d Radicimmunotherapy CART cells
- »#Z

Immunoconjugates Antigen-based
retargeting of
cellular immunity

e Antibody-drug l f Bispecific
conjugate . antibody
therapy therapy

NATURE REVIEWS | CANCER VOLUME 15 | JUNE 2015 |



NK cells recognise tumour cells: mechanism 2

Antibody binds antigens on
the surface of target cells

Fc receptors on NK cells
recognize bound antibody

FcyRlll
(CD16)

Target cell

Figure 9-34 part 1 of 2 Immunobiology, 6/e.(© Garland Science 2005)



Cross-linking of Fc
receptors signals the
NK cell to kill the target cell

Target cell dies
by apoptosis

Jd L

activated
NK cell

N

killing /,

Figure 9-34 part 2 of 2 Immunobiology, 6/e. (© Garland Science 2005)




Use of antibodies as
Checkpoint inhibitors

Blocking the interaction of:
CD80 --- CTLA4
PDL1 --- PD1
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Treatment with anti-PD1 without anti-CTLA-4

Drug Condition Treatment regimen Treatment in Objective Complete Owerall Prograssion- Grade Participants
control group  response  response survival free survival 3-5 treated (and
rate rates {months) {months) adversa  controls)
avants
MNiwolumab Matanoma [staga AWV} 3 mg'kg/2 woeks [vs combination 43.7% 8.9% na 69 16.3% 316
(lgG4a) tharapr}
Renal call carcinoma 3 ma'kg/2 wooks 10 mgfday 25% (4% 1% (<1% 25.0(19.6 4B 44 19% (27% 406 {397
(metastatic) Everclimus conirod) controf) conirol) conirol) coniro) conirol)
Hodghkan's lymphoma 3 makg2 weeks n/a B7% 1% na BE% at 22% 23
(refapsadimefractory) 24 wesaks
Sguamous-call carcinoma 3 mg'kg/2 woagks Singla-agent 13.3% 25% 36.0%/ year 19.7% at 13.1% 240121
of the head and nack systamic therapy  (b.8% (0.8% 16.8% & months {35.1%) conirol)
[recurmant) [mathoirexate, controd) cantrof) control) {5.9% control)
docetaxel, or
cotwamab)
Non-small cell lung cancer 3 Mg'kg'2 wasks Drocataxel 19% (12% 1% (<1% 12204 2342 105 (54% 2092 (290
coniroi) contnoi conirol) conirol) conirol) conirol)
3 mgkg/2 woeks Cocataxal 209 (0% 19 0% 9.2 Econtol) 3528 9% (65% 135{137
conirod) controf) conirol) conirol) conirol)
Charian cancer 1 or 3 mg/kg/2 weaks n'a 15% 10% 20 35 40% 20
{platinum-resistant)
Pambrolizumab  Melanoma (staga HAV) 10 mg”2 woeks or (v ipilimumeab) 3B.7-329% 50-61% nAa B.E-4:A1 133~ 279277
{lgiG4a) 3 wooks 10.1%
Markal cefl carcinoma 2 mg'kg/3 woeks na 56% 16% na 65% at 15% 26
B months
Mon-small cell lung cancer 2 mg'hkg'3 woeks n'a 19.4% n/a 12 3. 9.5% 405
10 mg/kg/3 weeks
10 mp/kg/2 weeks
200 mg'2 wocks Platinum-based 44.8 (27.8% nfa B80.2% at 10.3 (6 268% 154 (154
[PO-L1 4 patients only)  chemotharapy controd) £ months control) {63.3% Contol)
72.4% controd)
control)
2or 10 mgfrgf3 weeks  Docetaxsl 18/18% O0M0% 0%  10.4M27 39/40{4.0 13116% 345/345 (343
[PD-L1 + patients only) {9% control) - controf) (8.5 controf) control) {35% contno)

conirol)



Treatment with anti-CTLA4 +/- Anti PD1

Drug Condition Treatment regiman Treatment in Objective Complete Owverall Progression- Grade Participants
control group response  response survival free survival 3-5 treated (and
rate rates (months) [months) adversea  controls)
avents
CTLA-  [pilimumab Malanoma (staga UL 10 ma'kg plus Docarbazing 1562% 1.89% 11201 n'a 56.3% 250 (282
4 {lgG1) decarbazing one {10.3% {0.8% coniro) (27 5%} coninoly

conirol) control)

3 ma/kg/3 wasks vs 11.9% 1.4% na 2.8 19.9% 278
Pembrolizumak) 315
3 mgkg/3 woaks (vs combinalion 19% 22% na 28 27.3% 311
with nivolurmak)
Tramelimumab  Malanoma (stage i) 15 mo/kg/90 days chamotherapy 10.7% 3% (2% 126% (107 203% at 52% (37% 328 {327
(lgG2) ftemozclomida  (0.8% cortrof controd) E months conirol Coningd)
ar dacarbazing) - control) 181%
contnol)
CTLA Mieolumab + Malanoma {staga AV} 3 moko’2 woeks {v= single) S7.6% 11.5% n'a 1156 55% 314
+PD1 Ipilimumat MNivolumab
3 mg/kig'3 wacks
Ipilimumab
Mon-small coll lung cancer  Nivo + Ipk 1 + 3 or Mrvolumab alone  23M19% 200% (0%} T.7/8(4.4) 261414 30M19% B1/54- (898
3+ 1 mg/mi {10% conirod) {13% contnol)

controd) controd)
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Chimeric Antigen Receptor (CAR)-T Cell
Immunotherapy



Chimeric Antigen Receptor (CAR) T-cells

E

5. CAR-T cell infusion

1. Leukapheresis

4. Lymphodepletion

2. CAR-T activation/
., ftransduction

. 5 )
e-e o Anfi-CD3/CD28 at83%
Final . ¢, ,° coated beads  w3u¥
Product “* % s e g
e ‘ "
s. ®

@ & - =) ® QLT @
CAR lentivirus S7g~
Bead removal

3. CAR-Tcell *
expansion

Marco Ruella, MD, University of Pennsylvania



Chimeric Antigen Receptor (CAR) specific T-cells

T cell receptor
(TCR) | variable regions of
heavy chain and light

chain

y

41BB cb28 ( c

Antibody

linker

scFv 2

hinge

transmembrane domain

Signal 1 activation:

- Limited efficacy

- AICD

- Limited persistence/proliferation

I Signal 2 costimulation:
. L - Enhanced efficacy

- Enhanced persistence/
proliferation

CART cell

scFV: single chain variable fragment Cancers 2017, 9, 115; doi:10.3390/ cancers9090115



Effector mechanism of CAR T-cells

E

Cytotoxic CD8+ CAR-T cell CD4* CAR-T cell

Cytokines Release (O © @)
Recruits immune cells
Promote proliferation of CAR-T cells

NK cell

Releases TNF-a, IFN-y etc.
Cytokines (@), Perforin (A)
and Granzymes (@ )

for killing tumor cells
%

e VYV o
° 79' v e
A 4 ® -
.V
o v
® o

Tumor cell

Endogenous T cell

Macrophage

Marco Ruella, MD, University of Pennsylvania



Key targets for CAR-T cell therapy and established clinical results

Disease Target Effector Efficacy Toxicity Citation
B-cell Acute CD19 CTLO19 CR 81% CRS 77% Gr. Maude et.
Leukemia (4-1BB) [61/75] 4 CRS 25% Al, 2018
(pediatric- RFS (12 Neurotoxicity 40%  [NEIM:; PMID:
young adult) months) 59% 29385370]
B-cell Acute CD19 JCARO17 CR 93% CRS 83% Severe Turtle et
Leukemia (CD4/CD8; [27/29] CRS (Doesn't al, 2017
(adult) 4-1BB) RFS: n/a Specify) 23% [JCI; PMID:
Neurotoxicity 50% 27111235]
B-cell CD19 CTLO19 CR 57% CRS 57% Severe Schuster
Lymphoma (4-1BB) [16/28] CRS: (Grade 3 or et al, 2017
(DLBCL, FL) PFS (28.6 higher): 18% [NEIM; PMID:
months) 57% Neurotoxicity 39% 9226764]
B-cell Chronic CD19 CTLO19 CR 29% CRS 64% Severe Porter et
Leukemia (4-1BB) [4/14] CRS 29% (43%) al, 2015
PFS (18 Neurotoxicity 37%  [STM; PMID:
months) 29% [6/16] 2633393b]
B-cell Acute CD22 CAR-T-22 CR 57% CRS 76% Fry et al
Leukemia (4-1BB) [12/21] Severe CRS 0% 2017, [Nat
(pediatric- PFS (6 Neurotoxicity 37%  Med; PMID:
young adult) months) 50% [6/16] 29155426]
Multiple BCMA BCMA-CAR-T ORR 100% CRS 78% [14/18] Bergdeja
Myeloma (4-1BB) [15/15] Severe CRS 11% etal 2017
sCR+VGPR [2/18] [ASH; Paper
73% [11/15] 107984,
Session: 653]

CR = complete remission; PFS = progression-free survival; DFS = disease-free survival;
CRS = cytokine release syndrome; n/a = not applicable sCR = stringent CR; VGPR =

very good partial remission; ORR = overall response rate



