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Safety, high target-specificity, less susceptible to resistance mechanisms,

longer half-lives (~21 days for IgG) compared to antibiotics

) . T . La Guidara C, Int J Mol Sci. 2024
BUT expensive. need of cocktails. limitation of penetrance due to biofilm



New Vaccines

Innovative technologies to accelerate the development of vaccines against AMR pathogens.
= Glycoconjugation
= Bioconjugation
*= Multiple Antigen-Presenting System (MAPS)
= Reverse vaccinology
= Structural vaccinology
= Nanoparticle vaccines
= Generalized modules for membrane antigens (GMMA-5)
= RNA-based vaccines
= Adjuvants

Trained immunity based vaccines: MV130 or MV140

Ruckwardt, T.J. npj Vaccines 2023. La Guidara C, Int ] Mol Sci. 2024. Guevara-Hoyer Biomedicines 2020
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Trained Immunity Based-Vaccines as a Prophylactic
Strategy in Common Variable Immunodeficiency.
A Proof of Concept Study

Demogrpiic Chaceiics Daily for 3 months
20 CVID patients Aghrwigs. 1868

Sex (F:M) 16:4

Criterin: =Staphylococcus spp.,

>3 episodes of upper (rhinitis, sinusitis, otitis, pharyngitis, tonsillitis)
or lower respiratory infection (bronchitis)

> 2 episodes of severe respiratory infection (pneumonia) ] S . p n e u m O n | ae .

or the need for antibiotics for almost two months/year

in the previous 12 months. .
| =K. pneumoniae,

No Yes
NonRRTI-Group RRTI-Group ] M C at ar r h al | S
. b}
10 CVID patients 10 CVID patients
, *H. influenzae)
Primary endpoint:
[ Received TIbV MV130 ] Reduced RRTIs at 12 months.
Evaluation of intervention safety
| .
e o
Re-evaluation at 12 months Secondary endpoint:
———{ Immune profile.
Quality-of-life measure.
Pharmacoeconomic impact.

-

Guevara et al Front Immunol 2020



MV130 significantly reduces the incidence of
respiratory infections

Respiratory tract infections
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Prophylaxis with MV130 significantly decreases
the rate of healthcare resources consumption
and work absenteeism
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Guevara et al Front Immunol 2020



MV130 reduced health economic expenses

Average# Average#  Cost per Annual Annual Annual
of Episodes of Episodes Patient Cost per Cost per Savings
Condition before after per Patient Patient per Patient
TIbV TIbV Episode/  before TIbV  after TIbV  with TIbV
MV130 MV130 Day € MV130 € MV130 € MV130 €
# of RRTIs 3.7 0.4 1656 6127 662 5464
# of physician/hospital/ 44 1.1 1288 5667 1416 4250
ER visits
# Days Hospitalizations
for RRTIS 7 3 792 5546 2377 3169
Cycles of antibiotics 4.8 1 259 1243 259 984
School/work days
missed (Absenteeism) 16 0-5 14 224 7 15
Total per patient 18,606 4722 13,884
Annual cost TibV
MV130 prophylaxis 190 13,694

Guevara et al Front Immunol 2020



Fc engineering for half-life

N e)(at . b  SARS-CoV-2
ener at 1on Fab variable region
mutagenesis

extension and improvement

!

Hexabody technology

Reverse Vaccinology 2.0

[

£

of effector functions

|

Antibody-drug conjugate

oAb

First cloning of a human
antibody from a
convalescent patient

/

Bispecific antibodies for
infectious diseases

Transgenic humanized mice

Phage display technology

Chimeric and Humanized
mAbs

B cell immortalization using
Epstein-Barr virus

Hybridoma technology

(A) Past

(1975 — 2000)
mAb

[

infectious diseases

Intrabodies for bacterial

Machine and deep
learning-based structural
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Nucleic acid-encoded
monoclonal antibodies

Computational design of
antibodies nanocages

Engineering of the IgG hinge
region

Hetero-oligomerization of
therapeutic antibodies

Antimicrobial
resistance

technologies
La Guidara C, Int J Mol Sci. 2024. Pantaleo G Nat Rev Drug Discov 2022. Wang, H Appl Microbiol Biotechnol 2022 Troisi M. Front Microbiol 2022
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eneration
oAb

Bacterial species Drug Type Target Phase Clinical trial ID
Bacillus anthracis Obiltoxaximab Humanized IgG1 Protective antigen (toxin) vV NCT03088111
Thravixa Human IgG1 I NCT01202695
Valortim Human IgGl I NCT00964561
Raxibacumab Human IgGl1 1Y NCT02016963
Clostridium botulinum XOMA 3ab Mix of 3ihiumanized IgGl  Botulinum neurotoxin type B (toxin) I NCT01357213
NTM-1632 Mix of 3 humanized IgG1 I NCT02779140
Clostridium difficile Actoxumab Human IgGl1 C. difficile toxin A (toxin) 111 NCT01241552
Bezlotoxumab Human IgG1 C. difficile toxin B (toxin) 111 NCTO05304715
Escherichia coli Edobacumab Mouse IgM LPS lipid A 111 /
Nebacumab Human IgM 1 /
MAB-T88 Human IgM I11 /
STEC* Shiga toxin MAbs, caStx1 &2~ Mix of 2 humanized IgG1  E. coli Stx1 & Stx2 II NCT01252199
Pseudomonas aeruginosa  Aerucin Human IgGl P. aeruginosa alginate I NCT02486770
Panobacumab Human IgM P. aeruginosa LPS O11 II NCT00851435
KB001 Human PEGylated Fab P. aeruginosa PcrV Il NCT01695343
MEDI3902 Bispecific human IgG1 P. aeruginosa PcrV and Psl 11 NCT02255760
Staphylococcus aureus Salvecin, AR-301 Human IgG1 S. aurei:é alpha-hemolysin II NCT03816956
ASN100 Mix of 2 human IgG1 Bi-component toxins & alpha-hemolysin I NCT02940626
Tefibazumab Humanized IgG1 S. aureus CIfA II NCT00198289
MEDI4893 Human IgG1 modified S. aureus alpha-hemolysin II NCT02296320
514G3 Human IgG3 S. aureus protein A II NCT02357966
Pagibaximab Chimeric IgG1 Lipoteichoic acid II NCT00646399
Aurograb scFv GrfA (lipoprotein) 111 NCT00217841
Multiple species F598 Human IgG1 Poly-N-acetylglucosamine 11 NCT03222401

"STEC, Shiga toxin-producing Escherichia coli.

Troisi M. Front Microbiol 2022



Viral-Specific T Cells

VST against viral infections including CMV, EBV, and adenovirus
and used in various clinical trials in stem cell transplant patients
both the pre- and post-transplant period.

These cell products are derived from stem cell donors or third
party partially HLA matched donors as “of the shelf’ therapy.
Recent trials show success rates from 75 to 92%

VST banking

Promising role in SCID patients, HIGM, CID, HLH, LAD, GATAZ2,
CGD, CTPS1 defciency, WAS, NK cell defect, SCAEBV, and XLP
requiring transplant.

Peptide libraries representing multiple viral antigens were used to
induce rapid expansion of VST targeting a wide range of viral
targets in less than 2 week

In phase | studies, VST appear to be safe, well-tolerated, and
rarely induce graft versus host disease or cytokine release
syndrome

@ DONOR RECRUITMENT - BLOOD CELL CRYOBANK

123

SARS-CoV-2
Infection

Immunized ©
donanon

/\Q oja}'y

Cryopreserved blood cells

Time PSO
—

@ VSTS GENERATION - CHARACTERIZATION T cell clonality and Ag specificity tests

SARS-CoV-2

:ﬂ \ \
cps*  cpe* ©@®, \|\ MNs peptides
‘0o é
VSTs '

Activation and Expansion . ©

37°C
@ s’ \— oses i

PBMCs SARS-CoV 2

@ VSTS OFF-THE-SHELF CELL THERAPY

arc e )
® @
5 :a (3. — (3.
) ...‘ ® ®oe
\\ VSTs
Functional tests

Qian C Bone Marrow Transplant 2018. Harris KM, 2019. J Allergy Clin Immunol Pract.



IgA & IgM products

- -Decreased aggregation Has been used in the
IgA + IgM containing Ig : : : :
) : -Effective reduction of endotoxin treatment of persistent
Pentaglobin PIEEENTO TS Sl (FrEie -Greater opsonic activity gastroenteric C. jejuni in 2
I, (72% 1gG, 12% IgM, and 16% : : : : '
IgA) for IV use agz_:unst P.aerugln_osa, S.aureus, E. patients with | |
coli than conventional IVIG hypogammaglobulinemia
Phase Il trial, which included
Trimodulin IgA and IgM containing Ig with -10-fold increase in opsonization 160 patients with severe
23% IgM and 21% IgA of E. coli compared to pentaglobin  community-acquired
pneumonia

When administered orally:
-Prevented necrotizing
enterocolitis in babies with
low birth weight
-Successfully treated children
with chronic diarrhea

-Might provide enhanced bacterial
IgAbulin IgA-enriched IgG preparation clearance and prevention of
infection at mucosal surfaces

Langereis 2018, Hodkinson 2017. Sterlin D, Gorochov G. When Therapeutic IgA Antibodies Might Come of Age. Pharmacology. 2021;106(1-2):9-19. doi:
10.1159/000510251. Epub 2020 Sep 18. PMID: 32950975. Pérez E. Clin Rev Allergy Immunol. 2022; 63(1): 75-89.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8753954/

Advances in Immunoglobulin Therapy

- Administration of Ig products via inhalation: nebulized immunoglobulins
delivered directly to rats’ and non-human primates’ airways (VVonaburg
2019), which are currently under phase | clinical evaluation.

- Hyperimmune globulins (hig): high titers of pathogen-specific antibodies
can significantly reduce the risk or severity of a specific infection, which is
particularly relevant in the context of emerg|n8 Infectious diseases
warranting a rapid, targeted approach (Pati 2023).

- Development of polyclonal recombinant hlg products (Keating Nat
Biotechnol 2021), as well as monoclonal recombinant therapeutic antibodies
derived from human antibody repertoires.

- Recombinant _Production would help address not only the limitation of
plasma availability and secured supply, but it would also provide a highly
consistent and reproducible product that can be modified for increased
efficacy and specificity (Basu 2019).
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Targeted treatment options are growing*

Condition Gene Targeted therapy?

STAT1 GOF STAT1 Ruxolitinib (JAK1/2 inhibitor), Tofacitinib (Jak1/3)

STAT3 GOF STAT3 Tocilizumab (IL-6 receptor blocker), siltuximab (IL-6 blocker),
ruxolitinib (JAK1/2 inhibitor), Tofacitinib (Jak1/3)

SOCSL1 haploinsufficiency SOCS1 Tofacitinib, Baricitinib (JAK1/2 inhibitors)3

LRBA deficiency LRBA Abatacept, Belatacept

CTLA4 haploinsufficiency CTLA4 Abatacept, Belatacept

XIAP and NLRC4 BIRC4, NLRC4 IL-18 binding protein

Primary HLH PRF, UNC13 D, Emapalumab (IFNy blocking antibody), ruxolitinib (JAK1/2

STX11, STXBP2 inhibitor), Alemtuzumab

APDS PI13KJ, PISKR1 Leniolisib, nemiralisib

GLILD Rituximab

Cryopirin-associated Anti-IL-1ra (Anakinra, Rilonacept)

periodic fever syndromes :

Delmonte O Front Ped 2019. Pérez E. Clin Rev Allergy Immuno 2023

Abbrev: CTLA4: cytotoxic T-lymphocyte-associated protein 4; GOF: gain-of-function; HLH: hemophagocytic lymphohistiocytosis; IFN: interferon; IL: interleukin; JAK: Janus kinase; LRBA: lipopolysaccharide-responsive
and beige-like anchor protein; NLRC4: NLR family CARD domain-containing protein 4; SOCS1: suppressor of cytokine signalling 1; STAT: signal transducer and activator of transcription; XIAP: X-linked inhibitor of
apoptosis protein. References: 1. Ballow M, Leiding JW. Clin Rev Allergy Immunol. 2021. Chandrakasan S. Pediatr Blood Cancer. 2019. HadjadjJ. Front Immunol. 2021: 12(717388).



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8753954/

Hematopoietic Stem Cell Transplant in adolescent
and adults

= Knowledge of an underlying genetic diagnosis improves outcome of HSCT
= HSCT at a younger age before organ impairment improves outcome of HSCT

= Determining which patients to offer HSCT to is challenging: specific biologic therapies are
effective for some diseases and can be used as a bridge to HSCT to improve outcome

» Long-term outcome studies are required to compare conservative management, targeted
therapy and HSCT outcomes

Role of HSCT Immune deficiency

Curative SCID, CID, CGD, DOCKS, DOCK2, IPEX, WAS, WIP, ARPCI1B, CD40L, XLP1, XLP2, APDS, MHC class II, AD HIGE,
CTLAA4 haploinsufficiency, LRBA, HLH 1-5, GATA2, RAB27A, LADI, RD

Partially curative =~ CHH, PGM3, STAT-1 and STAT-3 GOF, SCN, ADA2, C1Q, CD25, IL-10 & IL-10R deficiency, dSDNA break repair
disorders

Controversial CVID, Agammaglobulinemia, other complement deficiencies, DGS, IKBA deficiency, NEMO

Chan AY, (2020) Front Immunol . Castagnoli R, Front Pediatr. 2019. Greco R. Front Immunol 2019..



Hematopoietic Stem Cell Transplant

Overall B |El subgroup

k 100

i = 751 .
*—550& ' 2 Outcomes following HSCT for the largest cohort to
3 5] — wameoory o  date of I[El patients aged 15 years or more at

" - PDbg%((’(§1$(7)%)°) transplant.
— Overall 62% (56-67%) 0 1.2 2'4 3'6 4l8 610
0 12 24 36 48 60 Months since HSCT
Hemf i s s s e s«  |EI-related factors that adversely affected outcomes

2 ws w1 e s mim & @ n % w  were bronchiectasis, prior splenectomy, hepatic
comorbidity, and cumulative number of IEl-related
i Age at HSCT complications at HSCT

100
75 &t “Our data strongly support the notion that HSCT

— should be considered for adult patients prior to
development of significant end organ complications”

Survival (%)

N
o

1 — =1861%(53-68%) p=0.4
= <18 63% (55-71%)
0 12 24 36 48 60
Months since HSCT
>18: 175 109 104 85 73 55
<18: 144 96 82 66 53 43

Michael H. Albert,et al,for the Inborn Errors Working Party (IEWP) of the EBMT and the ESID, Blood, 2022



Gene therapy

viral gene addition (semi-random)

| transgene
1
LTR—» = <«—LTR

I | I .

y retrovirus O
self-inactivating y retrovirus @

self-inactivating lentivirus

Aiuti A, Roncarolo MG (2009) Hematology Am Soc Hematol Educ Program 682-9. Booth C, et al (2011) Curr Opin Pediatr. Booth C, (2019). Hum Mol Genet.

gene editing

DNA break & template

N |
repair
] -
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targeted gene addition
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Ott de Bruin Curr Opin Allergy Clin Immunol 2023

Bloomer H, (2020) Mol Ther. De Ravin SS, Brault J (2019) Emerg Top Life Sci 3(3):277-287. Houghton BC, Booth C (2021) Hemasphere Kohn DB, Kuo CY (2017). J
Allergy Clin Immunol Zhang ZY, Thrasher AJ, Zhang F (2020). Genes Dis. Ferrua F, Aiuti A (2017). Hum Gene Ther Fischer A, Hacein-Bey-Abina S (2020). J Exp Med

217(2). Cavazzana M, et al(2019) Nat Rev Drug Discov



Gene therapies
using viral
gene addition

Ott de Bruin LM Curr Op Allergy 2023

Disease name Gene Vector Status Ref/trial
ADA-SCID ADA aRV Commercial product in Europe (strimvelis) [14]
ADA Lv Compassionate use [GOSH)/Human frial [79""]
(UCLA/NIH)
X5CID IL2RG SIN gRY Human frial completed [37]
IL2RG Ly Human trial GOSH/BCH/UCL open [682,83]
NCT03311503, NCT03601286
IL2RG Lv Human trial UCSF/St Jude/Seattle,/NIH NCT01306019
Suspended NCTO1512888
Artemis SCID DCIRE1C Lv Human trial UCSF [B86™]
Open NCT03538899
DCIREIC IV Human trial Paris Necker hospital NCT05071222
Open
RAG1 S5CID RAG1T v Human frial Open LUMC NCT04797260
[125]
RAG2 S5CID RAG2 v Mice [126,127]
[manuscript in preparation)
WAS WAS Lv Human trial completed [90,91,92%
XCGD CYBB v Human ftrial (UCLA and UCL/GOSH) [96]
Open NCT01855685
NCT02234934
Autosomal recessive MNCF1 Lv Human trial at GOSH, starting soon at MNCT05207 657
CGD NIH
LAD1 ITGB2 v Human frial (UCLA, HIUNJ, GOSH) Open NCT03812263 [104]
IPEX FOXP3 LV in Teells Ongoing Human frial (Stanford) NCT05241444[110,111]
fHLH PRF1 aRV in Tcells Mice [128]
PRF1 v Mice [129]
UNC13D v Mice (Stanford) [130-133]
XIAP XIAP v Mice [134]
XLP1 SAP v Mice [135]
SAP gRV in Tcells Mice [136]
XLA BTK Lv Mice [137,138]
Reticular dysgenesis AK2 Lv In vitro [139]
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