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Amy Barton Alston

Pragmatic challenges in using in silico modeling to evaluate the pharmacokinetics ot iron-

carbohydrate products

Amy Alston, PharmD, MS, Beat FIiihmann, PhD, Reinaldo Digigow, PhD

INTRODUCTION

* Intravenous iron-carbohydrate
complexes are a heterogenous class
of nanomedicines whose critical
quality attributes (CQAs) have not
been fully established.

Despite being used in clinical
practice for decades, the in vivo
biodisposition profiles and
mechanisms of biodegradation of
the iron-carbohydrate complexes
after uptake into the mononuclear
phagocytic system are not
established.

The lack of mechanistic
understanding of both plasma
pharmacokinetics (PK) and tissue
distribution prevents current
application of physiologically-based
PK (PBPK) modeling (Figure 1).

There are three fundamental
challenges that need to be
addressed before predictive PBPK
models can be developed and
applied; 1) the lack of assays to
quantitatively measure the serum
concentration of intact iron
nanoparticles and unbound iron
species. 2) PBPK models need to
include several parameters to
describe iron-carbohydrate
nanoparticle metabolism that are
yet to be completely defined. 3)
modeling is further complicated by
the lack of traditional
receptor/enzyme interactions, iron
is stored and released based on the
individual’s own iron homeostasis.

The known parameters of
bioavailability, distribution,
metabolism, and excretion for iron-
carbohydrate products will be
reviewed and challenges that
currently prevent the direct
application of PBPK or other in silico
modeling techniques will be
discussed.

Figure 1. A general physiologically based PK
model
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Figure 2. Hypothesized bioprocessing of

iron-carbohydrate complexes

ABSORPTION (BIOAVAILABILITY)
There is no validated method to measure
nanoparticle-bound iron:

¢ Clinical iron indices currently used to
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The fundamental challenge to
developing PBPK models for iron-
carbohydrate nanoparticles is that
there is not a fully validated assay

to accurately measure

nanoparticle-bound iron after
intravenous administration.

Click for Full-Text Article
[m]3Ene ]
F

.

o

CSL Vifor

evaluate plasma PK profiles of iron-
carbohydrate products only measure the
total serum iron (TI) or transferrin-bound
iron (TBI).

These assays cannot distinguish between
nanoparticle-derived iron in the serum
versus endogenous iron.

DISTRIBUTION

Serum iron concentrations do not

accurately reflect of nanoparticle-bound

iron biodistribution:

Serum iron or iron carbohydrate
nanoparticle concentration do not
accurately represent tissue
biodistribution.

Methods to evaluate tissue
biodistribution include radio-labeling the
iron moiety or evaluating pre-clinical
species

However, translation of these data to
humans, is unknown.

METABOLISM

The mechanism of biodegradation is not

established for iron-carbohydrate
nanoparticles:

Intravenous iron-carbohydrate complexes
do not exhibit a classical drug-enzyme
interaction that facilitates the breakdown
of the drug into water-soluble species for
excretion.

However, the rate and extent of the
biodegradation process are specific to
each unique iron-carbohydrate product
specific.! Not all available IV iron products
have detailed PK studies available.

As Figure 2 depicts, the iron-carbohydrate
nanoparticles are opsonized by peripheral
blood macrophages which is influenced
by each iron-carbohydrate nanoparticle’s
size, morphology and surface
characteristics.

The rate constants (k) for distribution to
key pharmacological compartments are
not established and therefore not
available for modelling.

EXCRETION

Iron is typically highly conserved and

recycled and therefore minimal excretion is

Garbowski et al. 2021 https:

predicted after intravenous dosing:

Excretion is not anticipated to be a key
parameter in PBPK models.

020.250803
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Anti-tumor Efficacy of PEGylated Liposomal Doxorubicin
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INTRODUCTION

In this study, we try to increase the therapeutic efficacy of PEGylated Liposomal Doxorubicin (PLD) formulation to melanoma tumor cells and reduce
its side effects by CREKA linear pentapeptide (Cys-Arg-Glu-Lys-Ala). CREKA is a “tumor- homing peptide”, which targets overexpressed fibrin and
fibrin-fibronectin complexes found in tumor, vasculature stroma, and also myocardial ischemia-reperfusion and atherosclerosis (1).

STUDY DESIGN AND METHODOLOGY

e i

CREKA peptide was linked to DSPE-mPEG2000-maleimide
phospholipid through thioether linkage. The targeted
micelles with 50, 100, 200 and 400 peptide ligands, post-
inserted into the preformed PLD.
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CONCLUSION REFERENCES

Overall, the results of this study showed that the use of CREKA peptide to decorate PLDs could result in the effective tumor ;Z;;?:ic'\:“':"a:;::ci;x:fLé:é;:?,'e:,i:dfl

regression and prolonged survival in C57BL/6 mice bearing B16F10 melanoma. CREKA peptide-modified nanoplatforms can achieve based  nanoplatforms

a “specific distribution” , “homing”, and “retention” of the loaded drugs at the target position and improve treatment efficiency. 2023‘“;”‘77’_"”’“3' of
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NaDeNo — Unleashing the potential of hard-to-deliver drugs
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Medical Need Results
The peritoneum is a common location for cancer We have performed studies in mouse models of peritoneal
metastases, typically originating from colorectal, gastric and metastasis showing?:
ovarian cancer. Due to a lack of early symptoms, peritoneal
metastasis is often diagnosed late with very poor survival « Sustained drug release
rates. There are no standard treatments for this disease®. « Long drug retention time
* Reduced side effects
Current treatment strategies Current challenges * Tumor-specific accumulation
Surgical resection — Unable to remove all tumors * High treatment efficacy

Intravenous chemotherapy — High systemic toxicity
Hyperthermic intraperitoneal — Fast clearance from the

Control i.p. injection i.v. injection Intraperitoneal (i.p) vs
chemotherapy (HIPEC) peritoneum, 70-80% relapse

intravenous (i.v.) injections of
fluorescently labelled
polymeric nanoparticles
showing an even and
restricted intraperitoneal
distribution of nanoparticles,
combined with long retention
time (1 hr post injection).

5
)

Our Solution A (SR

* A drug delivery system of polymeric nanoparticles

encapsulating chemotherapy for local administration in Tumor specific drug 1000+ )
ioni * Free Cabazitaxel
the peritoneum accumulation in a mouse
’ model of peritoneal % 100 H = PACA-cabazitaxel
. . metastasis originating from 2 - — eer
* The nanoparticles are designed to encapsulate large human ovarian cancer. 2 10 I = Ta
amounts of hydrophobic small molecule drugs without Organs/tumor harvested 2 ;‘ i
the need of chemical drug modification. hrs posti.p administration. @ 1+ ™
N=10, *P< .05, **P< .01,
) . . **%%kpc 0001,
* The particles degrade over time and release their 04 T T T T
) Tumor Peritoneum Liver Spleen
payload in a controlled manner. -
1.5+
* Our lead candidate is a preclinical stage proprietary B Significant treatment effect in a
f lati fth tent = 1.04 mouse model of peritoneal
nanoformula |on'o e po en. cancer . metastasis originating from
chemotherapeutic drug cabazitaxel. g ovarian cancer. The mice were
5 0.5 treated with a single
E intraperitoneal injection. Tumor
weight at study end (day 38),
/ ) 0.0 : e N=6, ***P< .001.
( / Free i PACA-cabazi |
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Introduction: The treatment of bacterial infections on a global scale is facing the enormous challenge of rapidly increasing
occurrence of antimicrobial resistance (AMR). It is estimated that up to 1.27 million deaths were the direct result of AMR in
2019! Many promising lead compounds with high activities and wide therapeutic windows have failed to progress to clinical
trials due to poor solubility, protein adsorption or other difficulties in formulation (i.e. low drugability).

The primary objective of LeadtoTreat is to develop a flexible, targeted nanoparticle system for delivery of synergistic
antimicrobial treatments, demonstrated with methicillin resistant Staphylococcus aureus (MRSA) targeting nano-formulations of
difficult-to-formulate drug candidates towards MRSA bacterial infections.

Results

* Lead compound MBL-ABO1 was discovered during marine
bioprospecting activities.

* MBL-ABO1 has 50-100x higher activity against MRSA than
vancomycin (unpublished data)

* Due to its very low drugability, MBL-ABO1 is dependent on
nanoformulation

* Score matrices indicate potential synergies (green)
between antibiotics and potentiators

* Synergies mainly found for combinations including
vancomycin and MBL-ABO1

* MBL-ABO1 shows synergy with ticlopidine and disulfiram
for two of the strains

. . . . Strain/|
* Encapsulation in polyphosphazenes (POPZ) gives high Potentiator| 2945/06 | 300/07 | MRsA252 | 10415/11 | 1880/05 | 2711/09
antimicrobial activity and low cytotoxicity (Figure 1) Sulbactam
Avibactam|
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Figure 1: In vitro MIC of MBL-ABO1 containing POPZ nanoformulation for Octyl gallate| .
MRSA (ATCC 43300) compared to in vitro cytotoxicity in two cell lines (LLC- S E£E3(§£3|5£3|5 <3538l <3
. . . > 32 @ > 3 @ > 3 @l > 3 gl > 3 9 > 3 9
PK1, kidney model and HepG2, liver model) for the same formulation. EESIEECSIEESIEECSIEES|EES
. 28522382282 2y228g ey
200 w0 Production of MBL-ABO1 S S S g g 2

2o The MBL-BO1 producing Figure 3:

% zz ;gggng strain belonged to the Sy;1ergetic screen -of antibiotics qnd potentiators:. Cells in light green indicate
5 ) jggg ‘é rare Actinobacterium ;;otentzatl' synergetic effect, cells in dark green indicate stronger potential for
z | w0 Actinoalloteichus. synergetic effect.
’ 0 25 750775 100 125 150 175 200 225 250 275 3000 Starting with a very low Production of Nanobodies
—o—ll\r/\"il::tavo::;\i/sliream(A350)+|mpuﬂlyup-5treamlAazSi production of MBL-ABO1 . Th.ree h|mm.un|za.t|on dc&n;SpAalgns. performed in alpacas
Figure 2: Production of MBL-ABO1 in th? wild type isolate, . :Smgt re-e nactivate trains ifi H
the yield of MBL-ABO1 anobodies have been produced and purified in small

scale in vitro
* Validation of nanobody candidates in ELISA and cell-based
assays is ongoing

was improved by classical mutagenesis and medium
screening. The volumetric yield of = MBL-ABO1 under
controlled conditions reached 193 mg/L while the ratio of

unwanted impurities were reduced (Figure 2). Conclusion
*  MBL-ABO1 has been produced for use in the project
Synergy screen e The first synergy screen reveals synergetic combinations
An initial synergy screen to look for synergetic combinations of between MBL-ABO1 and potentiators

antibiotic/antibiotic and antibiotic/potentiator has been +  Nanobodies for MRSA targeting have been identified
performed (Figure 3).

14 - k)
European LeadtoTreat has received funding from the European Innovation Council (EIC) under grant <_7 NanoTa ;'
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Dynamics of biodegradation of iron carbohydrates in
macrophages, a clue to understand their therapeutic effect
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® Iron-carbohydrate complexes are the

Uptake by the

standard of care to treat severe iron ) Reticuloendothelial System
deficiencies. Post-IV injection, these ‘ (e]ee)
nanomedicines are cleared from blood ) R Py
circulation and can be found in the liver and [\ _' coc,t WE . o *
spleen, mainly in macrophages s L
P ! Yy RIAYES: i) P Lsec —cimaniiie. ZKipfter—..___| Macrophages
''''' N ) cells -
® The mechanism on how human macrophages N Hemm_i.il_i 7_!\7 7]77

perform this process is not fully understood.

The why and how different iron-carbohydrate

formulations trigger different phySiOlOgiCaI (o JE OGN Characterize the early events post-NPs injection
responses is also not known. Uptake, accumulation, cellular responses

Different iron carbohydrates have different uptake rates Internalization of the nanoparticles was mediated by
the endolysosomal system

Although the type of responses to iron sucrose
(IS), ferric carboxymaltose (FCM), and iron
isomaltoside-1000 (IIM) were similar, each
nanoparticle formulation had a specific dynamic
profile. For example, IS had a faster
internalization rate compared to FCM and IIM.

05h 3h
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g 4 , Primary human M2 macrophages were treated with 1800 pM of IS for 45 min,
3 ) 6 h and 24 h. The cells were then fixed and processed for TEM analysis. The
bl " images show lysosomes containing iron nanoparticles at the different
154m ‘0 treatment time points. Red: nucleus, blue outline: plasma membrane, violet:

mitochondria, orange: endosomes, green/black arrows: iron nanoparticles in

. . lysosomes, blue arrows: iron particles outside of cell, red arrow: endocytic
Macrophages derived from THP-1 cells were treated with 1800 uM process, pink arrow: ER.

of the indicated iron carbohydrate nanoparticles. After 0.5 h, 3 h
and 6 h of treatment, the cells were washed and stained with Pearl’s
Prussian Blue and Diaminobenzidine. The brown coloration
indicates the presence of Fe3*.

Conclusions

® Our results illustrate the impact that the physicochemical properties can have on the biological properties of these
nanomedicines.

® Our data show how human macrophages, a key player in the iron metabolism, effectively use these nanomedicines as
a source of iron and convert it in bioavailable iron (e.g. ferric iron bound to ferritin) that can later be released to blood
and be used in the bone marrow for hematopoiesis.
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Nanobiotics for mycobacterial infections: ‘It's the little things that matter the most
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2 Nanoscience Centre, Department of Engineering, University of Cambridge, Cambridge, United Kingdom

3 Molecular Immunity Unit, Department of Medicine, University of Cambridge, Cambridge, United Kingdom
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BACKGROUND: Deaths caused by infections from antibiotic-resistant bacteria are expected to skyrocket over the next decades, with a staggering 10
million deaths per year projected for 2050. Infections by intracellular pathogens, such as M. tuberculosis (Mtb), which have adapted to outsmart the host
immune system and use it as shelter, are particularly difficult to treat and eradicate. Antibiotic-polymer conjugate nanoparticles provide a viable solution by
enabling targeted drug release and reducing the dosing frequency and overall systemic toxicity. However, despite of improved pharmacokinetic and
pharmacodynamic profiles, the clinical translation of polymer-drug conjugates has been primarily hampered by their physicochemical heterogeneity, failing
to meet GMP guidelines. We report a smart multi-drug delivery vehicle, which allows the simultaneous incorporation of both hydrophilic (isoniazid; INH)
and hydrophobic (clofazimine; CFZ) antibiotics at high concentrations and their targeted delivery to both intracellular and granuloma-resident
mycobacteria in vivo in an infected zebrafish model.
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Nano Blank] = * Nanobiotics composed of INH-conjugated polymer

| and encapsulated CFZ presented lack of toxicity,
— Number of dose responsiveness, and improved therapeutic
= perlarva efficacy in the treatment of mycobacterial when
‘ | compared to free drugs.

Free INH |

* Nanoparticles were able to efficiently penetrate
mycobacterial cords and granulomatous lesions -
shielded regions of difficult access by free drugs,
improving the therapeutic effect.

Free INH & CFZ|

lIndividual zebrafish larva

Bacterial Burden (normalised)
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@ﬁé‘é‘”&éﬁ' + Synthetic simplicity and versatility: (1) the drug is
@fo ﬁ‘“@;&w& directly conjugated to the polymer without the need

Q@ \@9 for any further chemical modifications; (2) the drug-
polymer bond is acid-labile, allowing site-specific
drug release; (3) the polymer itself is hydrolysable
facilitating excretion; and (4) polymer size can be
tuned without affecting the high drug loading
capacity, since there is one drug conjugation site
per monomeric unit of polymer.
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Antimicrobial peptides:
lipid clustering and leaky fusion in PG/PE model vesicles
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INTRODUCTION

CONCLUSION

Membrane-active antimicrobial peptides are a promising approach to combat
growing antibiotic resistance. We focus on the effects of trivalent cyclic
hexapeptides on model membranes. The antimicrobial activity of cR;W, has been
demonstrated [Junkes 2011].

To analyse the mechanism of action, we investigate the effects of the peptide on
binary model vesicles containing negatively charged phosphatidylglycerol (FOPG)
and zwitterionic phosphatidylethanolamine (FOPE) lipids. This also revealed the
limitations of this commonly used model system.

o o
/\/\/\/\/\/\/\)J\u/\‘i(\u-"P‘\O\/\NH R
L N
POPG o 5 &
/\/\/\/\/\/\/\)Luf\:‘(\oz:nlo\/‘\/w POPE
A~ — W\/YO H oN .

[s]

- cR,W, binds strongly to negatively charged model
membranes and induces all-or-none vesicle leakage.
This is consistent with its antimicrobial activity and

VY selectivity.

- cR;W; induces electrostatic lipid clustering or lateral
segregation of PG/PE mixtures with saturated or
unsaturated lipids.

- cR,W, causes vesicle aggregation and fusion, making
model membrane data difficult to interpret. Leaky
fusion is mainly responsible for the observed vesicle
leakage, limiting extrapolation to biological systems.

cR,W,
MIC(E.coi) = 11 pM

VESICLE LEAKAGE - Calcein fluorescence

LIPID CLUSTERING - Laurdan fluorescence

. . fluorescent If- hed
Time-correlated single photon counting was e = :',‘;':f, ©
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- Vesicle leakage is caused primarily by leaky fusion [Beck 2023].
- ¢R;W; induces more leakage in PG/PE vesicles compared to PG/PC vesicles.

Antimicrobial hexapeptides induce DSC-detectable
electrostatic lipid clustering in saturated DPPG/DPPE
ﬁ vesicles [Finger2015].

Laurdan fluorescence spectroscopy was used to quantify
lipid phase transitions in model membranes, to examine
unsaturated POPG/POPE lipid membranes [Farber 2022].
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- ¢R3Wj; induces lipid clustering also in unsaturated POPG/POPE lipid vesicles.
- Non-ideal mixing of PG/PE may be enhanced by cR;Wj; [Navas 2005].

VESICLE AGGREGATION

VESICLE FUSION

Particle size and size distribution
(PDI) were determined with

2z size (nm)

dynamic light scattering (DLS). a PDI ro.8
- cR;W; induces visible vesicle E ro.6 5
aggregation of  negatively 8 loa o
charged membranes. & ’
r0,2

- Vesicle aggregation and fusion
lead to further problems during
spectroscopic analyses and
cause various artefacts.

- Vesicle aggregation and fusion
can be prevented by PEG-
lipids.

Férster resonance energy transfer
(FRET) between PE-NBD and PE-
Rhodamine B was used to quantify the
Lipid Mixing Efficiency (LME) and to
assess vesicle fusion [Shi 2022].

)
I

- cR3W; has fusogenic properties.
- PG/PE membranes are biased
towards fusion.

Lipid Mixing Efficiency

10 100
concentration (pM) >
S )
R — R,
LME = Z
Rrx —Rg

Wavelength (nm)
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Development and characterization of a syngeneic fibrotic hepatocellular carcinoma model

Karina Benderski', Paul Schneider?, Panayiotis Kordeves' Federica De Lorenzi', Twan Lammers', Alexandros Marios Sofias’, Leonard Kaps?

" Dep: of icine and Ti ic, Institute for i Molecular Imaging, University Hospital RWTH Aachen, Aachen, Germany; 2First Department of Medicine , University Medical Center, Mainz, Germany

Development of a hepatocellular carcinoma model

Hepatocellular Carcinoma (HCC) accounts for 90% of all primary liver tumors [1]. Cirrhosis, due to chronic organ damage, is characterized by a massive accumulation of scared tissue in the liver
and is the most frequent risk factor for HCC [2] [3]. But incidences of HCC are also increasingly observed in patients with metabolic-associated steatohepatitis (MASH) without cirrhosis [4]. Common
murine models for HCC are lengthy and tumor load tends to be heterogeneous as tumor induction takes around 20 weeks and less than 50% of mice bear tumors [5]. In this work, we introduce a
rapid and easy-to-handle injection model for HCC in cirrhotic and non-cirrhotic livers, which recapitulates histological and molecular key features of HCC in patients [6]. RNA-Seq analysis of HCC
cells used in this work, namely Dt81Hepa 1-6, revealed that HCC hub genes (AFP, MCM3, SPATS2, NT5DC2, MCM6) were significantly upregulated and tumor cells showed a distinct clustering
compared to healthy hepatocytes (Fig. 1a). For the non-cirrhotic model, mice were intrasplenically injected with Dt81-Hepa 1-6 tumor cells (HCC cells), while for the cirrhotic model, mice were
gavaged with profibrogenic CCl4 for 6 weeks prior tumor cell inoculation. (Fig. 1b). After 4 weeks, inoculated mice developed tumors exclusively in their livers. Interestingly, livers of the cirrhotic
group had a significantly higher tumor load as indicated by higher liver weights (2.5-fold) and morphometric readouts of liver sections compared to non-cirrhotic mice (Fig. 1c).
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Figure 1. Devel 1t and initial of HCC mouse models. (a) Dt81Hepa1-6 cells were sequenced and HCC keygenes were found to be upregulated. b) The HCC model was

generated by intrasplenic injection of Dt81 Hepa-1-6 cells. The fibrotic HCC model was generated by CCl, administration for 6 weeks and subsequent injection of Dt81Hepa-1-6 cells. Livers from
healthy mice or mice only administrated with CCl, were used as controls. (c) Liver weight revealed tumor formation by substantial liver weight increase as compared to control livers. Furthermore,
livers from cirrhotic tumor group had a higher tumor load as compared to livers from the non-cirrhotic tumor group.
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Figure 2. Development and initial assessment of HCC mouse
models. (a) H&E staining of whole liver lobes reveals the
difference between tumor lesions and the adjacent liver
counterpart. (b) Quantification of cell density in tumor lesions
versus non-malignant liver counterpart (scale bar = 50 ym

Clinical Relevance
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Figure 4. Clinical rel e of tumormodels. (a) Clinically Figure 3. Quantification and analysis of liver ECM and vascular markers. A strong overexpression of ECM
relevant HCC-marker alpha-fetoprotein (AFP) is expressed in and vascular components was observed for HCC and fibrotic HCC, in comparison to their respective non-
sera of tumor-bearing mice and correlates with liver weight and malignant liver counterparts. Compared to the surrounding tissue of HCC, the surrounding tissue of fibrotic HCC
tumorburden. (b) Fibrotic HCC mice displayed higher AFP exhibits an overexpression of various ECM components, showcasing the ability of CCl, to provoke fibrotic
concentrations after 2 weeks. (c) Experimental outline for reactions in livers. No change in vascular markers was observed between healthy and fibrotic livers. (scale bars =
Bevacicumab/anti-PDL1  treatment. (d) Standard first-line 50 pm; violin plots are expressed as area fraction % or volume fraction % for 2D microscopy and 3D multiphoton
medication against HCC inhibited development of tumor lesions. microscopy respectively).

Conclusions

We present two easy-to-handle murine models for HCC with high relevance for translational research. The two models resulted in robust cancer development and were proven more time-
efficient in comparison to current models. Furthermore, CCI4 administration along with HCC cell injection caused a fibrotic HCC model, which resembles how cirrhosis-derived HCC manifests in
humans. The models reflect characteristics of human HCC and showed a positive antitumor response to AtezoBev.

References: [1] Llovet et al., Nat. Rev. Dis. Primers, 2021 [2] Sofias#, De Lorenzi# et al., Adv. Drug Deliv. Rev., 2021 [3] Kaps et al., Cells, 2020. [4] Xuancheng Xie et al, Nature Scientific
Reports, 2022 [5] Galle et al., J. Hepatol, 2018. [6] Lacoste, Raymond et al., PLOS one, 2017.
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The challenge

Nanoencapsulation is frequently used to improve biodistribution and
pharmacokinetics of drugs. But most of the time, only the drug is
quantified as a proxy for distribution of the nanoparticle, which is not
itself measured due to analytical challenges. This does not properly
account for the drug release, which determines the active
concentration of the drug. The result is a — potentially severely —
incomplete understanding of the drug pharmacokinetic, toxicity and
efficacy.

The idea

Conjugation to polyethylene glycol (PEG) is widely used to improve
stability and circulation time of nanomedicines, as well as antibody
drugs. Quantification of the PEG could provide a near-ideal marker for
the nanoparticle carrier, since PEG is:

Non-endogenous, yielding very low background signal

Metabolically inert and chemically stable

Easily detected by mass spectrometry with good sensitivity after
hydrolysis
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Drug 2, Nanocarrier B

Conceptual overview of the method and output. Mass spectrometry (LC-MS/MS) is used to
quantify both nanocarrier material (as PEG) and drug with high specificity, selectivity and
sensitivity in all relevant organs.

The strengths of the method

PEG is covalently conjugated to different components of the

nanocarrier. After administration in vivo, organs are extracted and

completely hydrolyzed in strong acid. This also releases the PEG

from its chemical conjugate. Thus, the method is:

» Robustly and completely extracting the PEG from all tissue
types and blood

* Releasing the PEG from a wide range of conjugates (Figure 2),
enabling one analytical method for virtually all PEG-containing
systems

¢ Maximising LC-MS/MS sensitivity by degrading other
components that could interfere analytically, such as proteins
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Figure 2: LC-MS/MS chromatograms of PEGylated compounds after H,SO, hydrolysis.
Horizontal axis shows retention time (minutes) and vertical axis shows signal intensity
(counts). PEBCA-CBZ, Poly(ethylbutyl cyanoacrylate) nanoparticles with cabazitaxel;
Liplmage, solid lipid nanoparticles with IR780-oleyl; Doxil®, liposomal doxorubicin; Cimzia,
PEGylated antibody, LNPs, lipid nanoparticles for nucleic acid delivery. The corresponding
PEGylated compounds are shown as inserts.
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Novel insight on in vivo behavior

Detection of both the nanocarrier and the drug enables direct
assessment and comparison of drug release in vivo. This is crucial
to determine the actual, bioactive drug concentrations in organs.

We applied the method to biodistribution studies of two
nanomedicines, one polymeric and one lipidic (Figure 3) and could
show fundamental differences in both biodistribution and what
appears to be in vivo release kinetics of the encapsulated
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Figure 3: Measured concentrations in a selection of organs as function of time after
administration, of nanocarrier material (as PEG, red) and encapsulated payload (blue,
brown) for two different nanomedicines injected IV in mice. Left: PEBCA-CBZ,
Poly(ethylbutyl cyanoacrylate) nanoparticles loaded with anti-cancer drug cabazitaxel (blue).
Right: Liplmage, solid lipid nanoparticles with the near-IR dye IR780-oley! (brown).
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Conclusions

The novel method is a robust, versatile and generic approach for

biodistribution analysis of PEGylated therapeutics that can provide
a detailed understanding of various critical aspects of the in vivo
behavior of PEGylated nanomedicines, such as drug release and
particle stability.
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Uncovering the dynamics of cellular responses induced by

iron-carbohydrate complexes in human macrophages
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CONCLUSIONS

IS is taken up as complete particles and dissociated iron ions

Internalized iron is stored and released as ferritin

Exposure to IS induces signs of a M2 polarization loss

Cells successfully adapt to increased iron availability
Prevention of ferroptosis

Further biclogical validation experiments necessary

Omics approaches have potential to innovate mechanistic studies
for complex drugs and to screen nanomedicines
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Iron gets stored as ferritin
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1. Introduction: mRNA vaccines have shown to be suitable for tackling emerging pandemics due to their rapid
development process, superior efficacy, and favorable safety profile. However, further maturation of mRNA technologies will
be required to be competitive with other modalities on the regular pharmaceutical market. A significant drawback of the
currently marketed mRNA products is their low stability requiring storage at negative temperatures, implying challenges in
their transport and distribution, while consequently increasing costs. The development of dry mRNA presentations has
potential to increase stability and could enable storage at refrigerated or even ambient temperatures. Here, we investigated
novel LNPs with improved stability to enable drying and storage at ambient conditions without loss of vaccination efficiency.

2. CureVac's Proprietary mRNA-LNP Delivery Platform 3. New CV-LNP with High Vaccination Efficacy [ Frozen liquid
- Proprietary ionizable lipids with distinct features * Vaccination with RAV-G mRNA-LNP (0.25 ug) in mice do d21 d28
= Novel structural lipids + CV-LNP produce consistent virus neutralizing titers (VNTs) o
= Proprietary non-PEG-Lipids stabilize the particle against aggregation + Stimulates robust T-cell response s @ —
= Cholesterol + Efficacy comparable to commercially utilized LNP composition (Example) » -
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- MRNA-LNPs show colloidal instability when frozen at low concentrations often requiring distribution in - PpLuc-RNA formulated in CV-LNP and lyophilized ™™ Cryo-TEM

multi-dose vials at higher concentration and dilution prior administration. uid
= Example LNP show increased size when frozen at concentrations < 200 pg/mL

= Significant increase in size for CV-LNP seen only upon freezing at very low concentrations < 50 pg/ml

- Modest increase in size observed
- PDI increase requires further optimization
- No alteration of morphology
= No significant decrease in EE
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(Introduction
* HIV treatment requires chronic administration of antiretrovirals to suppress viral replication, with no current cure (1).
+ Due to the lack of “forgiveness” in current antiretroviral regimens, in terms of viral breakthrough, long-acting antiretroviral medication can help to improve adherence to medication, resulting in better treatment outcomes (2)..
* Currently, the nucleoside reverse-transcriptase inhibitors (NRTIs), emtricitabine (FTC) and lamivudine (3TC), are being explored for use in long-acting delivery.
* A key question in this type of delivery is, with long-acting antiretrovirals, does repeated, and long-term, exposure to these drugs alter the functional capacity of human immune cells.
« Linear poly(FTC) is a long-acting polymeric prodrug of FTC, which is designed to be delivered subcutaneously as an implant that releases FTC slowly over time (3).
Qt is important to assess its immunocompatibility with subcutaneous space relevant immune cell types. MUTZ-3 cells represent a useful model with which to study these interactions (4).
Repeated Exposure of the cell | (‘Cell Health Assessments gs00 © Untreated Swinngand
lines to FTC and 3TC / - CellROX™ Green reagent used to detect ROS levels. 2% © FTCexposed _washing 4 Flow cytometry
- ThiolTracker™ Violet used to detect reduced glutathione levels. @ 3TC exposed analysis
U JC-1 reagent used to measure mitochondrial membrane potential.
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E %2 . Il b Figure 4: a) Intracellular ROS b) Reduced glutathione c) M|toch0ndr|a| membrane potentlal d) CD209
o 004 E 4 ::Ig':rehshz)r!nlt::c;:ra:\'ms‘t :\t' I ¢) CO63 expression. e) HLA-DR expression. f) CD274 expression.
*‘vé & »}" & °, itoc ? ': CDEZOS ane po ? al. * Intracellular ROS levels were significantly lower in the FTC- and 3TC-cultured cells, however
b & o A o expression. d) C expression. higher in the Linear poly(FTC)-cultured cells, when compared to the untreated cells (P= <0.01).
& <& & & L *  FTC- and Linear poly(FTC)-cultured cells displayed a significantly higher MMP (P= <0.05).
“\ N * Intracellular ROS levels were significantly « Linear poly(FTC)-cultured cells showed a significantly higher CD209 and significantly lower HLA-DR
Figure 1: a) Intracellular ROS. . & _ ) higher in the FTC-cultured cells, than the expression when compared to the untreated (P<0.05).
b) CD69 expression. Figure 2: a) M'md_'o"d”al untreated cells (P= <0.0001). « Linear poly(FTC)-cultured R848 treated cells had a significantly higher CD209 and CD274
membrane potential. b) + FTC-and 3TC-cultured cells displayed a expression, however a significantly lower HLA-DR expression when compared to the R848 treated
* Intracellular ROS levels were CD14 expression. significantly lower MMP (P= <0.01). cells (P<0.05).
significantly higher in the * When compared to the FTC- and 3TC- « HLA-DR expression is significantly lower in the Linear poly(FTC)-cultured R848 treated cells
FTC- and 3TC-cultured cells, * 3TC-cultured cells cultured C5A-treated cells, the C5A- compared to the Linear poly(FTC)-cultured cells.
than the untreated cells (P= demonstrated a treated cells showed a signi ntly
<0.001 and P < 0.0001 significantly lower MMP lower or higher CD63 expression a) © Mtsrcin © Lodekidchuos @ Cnbee @ Gvahsand Lods ok hende b) © Notsgnteant © Lo fodcharge & Guae © Quake and Lo o cherge
respectively). (P=<0.01). respectively (P = <0.01). When compared
*  Nosignificant differences * When compared to the to the untreated cells, the FTC- and 3TC- - .
were seen for the reduced untreated, 3TC-treated cultured cells showed a significantly
glutathione levels or the cells showed a significantly lower or higher CD63 expression
mitochondrial membrane higher expression of CD14 respectively (P = <0.01). S LX)
potential for either the FTC- (P=<0.05). When ¢ 3TC-cultured cells cells in comparison g ) H
or 3TC-cultured cells. compared to the LPS- with the Untreated cells showed B
*  When compared to the treated cells, the 3TC- significantly higher CD203c expression (P ) = ’
Untreated cells, the 3TC- cultured LPS-treated cells =<0.05). FTC-cultured C5A-treated cells i)
cultured cells showed a showed significantly when compared to C5A-treated cells o ORI ¥ S o N - . .
significantly lower CD69 higher CD14 expression (P showed significantly lower CD203c 200 - 400 oo 40
\expression (P =<0.05). / \- <0.05). expression (P< 0.05). " " [F— - y e 74 miathon
(Conclusions ) 9 p— 4 ™
« Cell line specific and treatment specific responses were seen for the FTC- and 3TC- cultured cells. v G
* Responses to linear poly(FTC) in the MUTZ-3 cell line were marker specific, this is interesting as it indicates there is
some activation, but also some inhibition of marker responses as a result of the cells sensing linear poly(FTC). Transeription — Trnsciption carsus
+ Reduced expression of CCL4, TNF and CCL19 in the linear poly(FTC)-cultured R848 treated cells could suggest fegulaton e e felten e
reduced activation of these cells. —— Untrestedy 37C
« FTC exposure results in a greater profile of genes with higher expression, whereas linear poly(FTC) exposure results culiured et
in a greater profile of genes with lower expression, this suggests there is a complex relationship between these oFTCyeultured Sgnaing wirent Captore
three treatments and the effect on the cells, it is important to next understand the phenotype more clearly as the Cellar Metabolism Cataboli Pathviays v ol [
mRNA levels don’t necessarily translate into increased protein levels, as was seen for CD274. Figure 5: a) Significant gene expression changes when FTC-cultured R848 treated cells were compared
* Metabolic processes of these cultured cells should be explored further to better understand the consequences. to R848 treated cells (q<0.05). b) Significant gene expression changes when linear poly(FTC)-cultured
* Previously efavirenz and lopinavir have led to lower glucose uptake and caused bioenergetic modifications to cells, R848 treated cells were compared to R848 treated cells (q<0.05). ¢) Number of that had a higher
it would be useful to explore this to determine if FTC, 3TC and linear poly(FTC) alter these profiles (5). expression. d) Number of genes that had a lower expression.
* These results have, potential, consequences for the development of future long-acting implants as they show «  Only 3 genes showed significantly altered gene expression when the FTC-cultured cells treated
possible effects of repeat exposure to antiretrovirals that may be used in such preparations and polymers of these with R848 were compared to the R848 treated cells.
antiretrovirals, and highlight the requirement for early assessment of biocompatibility, as highlighted elsewhere « Many genes showed altered expression when linear poly(FTC)-cultured cells treated with R848
K (6). j were compared to the R848 treated cells.
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Abstract E/ Bioengineering via cell-free Synthesis {g}

Fermentation of mammalian cells

Eukaryotic cel lysate Plasmid Why cell-free?
> Rapid & easy-to-handle

No cloning required

HTS-compatibilty & scalability

Open system

Site-specific modifications

Translation” Ribosomes. energy
factors

Aminoacyl-tRuA Torstocn |
Microsomes  Synthetases. (e

release of a highly toxic payload would have fatal side-effects. Here we focus on preparing ) D D ”alv”s{i‘l;m HW(& Y
arv jghly productive cell Iy

Conjugating highly potent small molecules to vastly target specific biomolecules (e.g.

antibodies, single-chain, nanobodies) or other carriers has become a modern and

PCR fragment

Amino acids

sophisticated approach, particularly in the field of cancer therapy. As a result, the list of
antibody-drug conjugates (ADCs) in clinics continues to grow. The choice of a linker for

selective and site-specific control of payload release remains the major goal as premature

Transiation

two different classes of carriers for subsequent conjugation with the appropriate technology:

Polymerase  1gg schefe schy VHH

(a) engineering biomolecules by cell-free synthesis and (b) treating plastic surfaces with

plasma.

Cell-free synthesis (CFS) has attracted attention as a simple and controllable method for > Syntheses of cytotoxic proteins, including site-specifically labeled proteins and protein-
drug conjugates.

> Synthesis of complex membrane proteins.

even inaccessible biomolecules, such as cytotoxic proteins, including site-specifically > Post-translational modifications are feasible in eukaryotic cell-free systems (signal

peptide cleavage, glycosylation, phosphorylation, lipid modifications)

direct manipulation of protein expression to facilitate the synthesis of so far challenging or

labeled proteins and protein-drug conjugates, or other complex membrane proteins. By using

a lysate based on eukaryotic insect cells (Spodoptera frugiperda 21, Sf21), endogenous ) —_ E i
endoplasmic reticulum-derived structures (microsomes) are retained, enabling native-like l =l [ =|I- W - W i 3 oAl
protein maturation. The modular addition of protein-coding plasmids to the CFS allows a ey o i ok [ ———
straightforward and defined study of protein assembly. The entire process for the production of cell-free systems, starts with the fermentation in 30L fermenters, goes through cell
disruption to lysate purification and supplementation. No genetically modified organisms are produced in the entire
Plasma technology allows to equip inert polymers such as polyethylene (PE), polystyrene process of lysate production from cultured cell lines. The protein production itself is also free from the generation of
genetically modified organisms and can therefore be carried out in any technical environment, even without an S1or 52
(PS), polytetrafluoroethylene (PTFE), or co-polymers thereof with functional groups like amine laboratory. X X o .
ADNA or RNA template can be added directly to the open cell-free system. Protein synthesis is completed within 60-90
or carboxylate enabling further conjugations and applications. minutes in the batch format, achieving protein yields in the range of 10ug/ml to 100pg/mL. In dialysis-based systems,

protein yields in excess of 1000pg/ml can be achieved within 24 hours.

Empowering Properties of Drug Products by Conjugation to Suitable Vectors, Carriers or Particles
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Surface analytics by XPS provides quantitative information about
elemental composition down to 10 nm; deconvolution of high resolution
spectra delivers information about oxidation and binding state.
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Carboxylic acid function of Lithocholic acid bears a
p-hydroxybenzyl silyl ester, which fragmentizes
under acidic conditions. Its stability can be adapted
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Chemical modulations @1? @ZN

The alarming increase and prevailing nature of antibiotic resistance urge for new a. Hydrophobic tail N "

antibacterial agents, in particular those differing substantially from conventional b.G i

antibiotics.!'l In this context, amphiphilic dendrimersi2l bearing different - Generations @) L o™ B
c. Terminal functions ww e

functionalities are emerging as a promising new paradigm to combat bacterial AMR
with a low likelihood of generating resistance.l.
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" Multifuntional self-assembling dendrimer nanosytems
against neuropathologies
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Targeted delivery

Synergetic activity

BBB transcytosis by recognizing
LRP-1 expressed on endothelial cells

Decreased “time to kill” compared to free drug

2: ~ &o #j » Positive surface charges
=~ 14% of BBB crossing

AL

. oo i35 . Membrane disruption

S » co-deliver antibiotics to cross BBB for targeted delivery /

Bactodisl cob

Our study presents a novel concept for generating potent antibacterial

la
candidates and offers a new perspective for combatting antibacterial resistance.
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A MULTI-STAGE PULMONARY DRUG DELIVERY SYSTEM BASED ON SPOROPOLLENIN

S. Roblal/2, L. Valverde-Fragal, C. Remufian-Lépez?, S. Sanchez!, R. Ambrus?, N. Csaba,!*
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Tuberculosis (TB) is a life-threatening disease and a main cause of death worldwide. Current treatments consist of the systemic administration of combinations of
antibiotics in high doses and for long periods. These therapeutic regimens are associated with severe side effects and high rates of drug resistance. To overcome these
problems, this study aims at developing a micro/nano system for the improved delivery of antibiotics, with potential application in local, mucosal delivery.

METHOD

@ cramomuie pouLEN PURIFICATION @  FORMULATION AND CHARACTERIZATION OF € L0ADING OF POLLEN GRAINS WITH NANOCAPSULES
- POLYMERIC NANOCAPSULES
Natural pollen Purified pollen  Loaded with Ncs Sahek dagsGHT EE%:
oy e Mygliol  PEGstearate  Lecithin | o N e Rk \
et * . Protamine NC > 85% : \

i e
» O
Size = 200 nm > >0
Fig. 1: Scanning electron micrographs of chamomile pollen A. Natural pollen. B. Zeta potential +20 mv > Suntained
purified pollen. C. Purified pollen loaded with nanoparticles of 200 nm. Bars Controlled release Rifabutin-loaded Exceptionsi porosity High foading release 7\
represents 1 um. (Nanoparticles are artificially coloured to enhance contrast). nanocapsules Highty resistant
Specific 30 marphology
IN VITRO MECHANISTIC STUDIES  Lung cells and macrophages were cultured in a EFFICACY STUDIES AERODYNAMIC CHARACTERIZATION

microfluidic system, to better mimic dynamic in

vivo conditions. Antimicrobial susceptibility tests were performed according pollen-NC dry powder formulations were evaluated for

to the EUCAST guidelines using the mycobacterium species thejr lung deposition using the Andersen Cascade
Artubing . M. phlei (fast-growing) and M. smegmatis (slow-growing). Impactor according to Ph. Eur.

> T~ Viability
== — - y ‘- T =
Raw 264.7 cells m S ) - Q " ~ )
= ; * g 5
} S~ Uptake, Pwrp— z ACI S
- cell interaction ( ; 5x108 Ph. Eur. 2.9.18. Si
A549 cells A CFU/mL - Freeze dried pollen - NC powder

RESULTS

Purified pollen grains had high loading capacity for Efficacy studies indicated complete inhibition of growth

chitosan and protamine nanocapsules, as shown by both in M. phlei and M. smegmatis, within the expected
confocal microscopy (Fig 4). susceptibility range of Mycobacterium (<0.25-16 mg/L).
Channel overlap Pollen autofluorescence Nanocapsules

Figure 2: FACS histograms of A549 cells: control (A), treated with chitosan nanocapsules (8) and
protamine nanocapsules (c)

Uptake studies were performed in lung cells and macrophages,
showing efficient NC internalization (> 90%) in the cytoplasmic
region of both cell types (Fig 2 and 3).

Chitosan
nanocapsules

o Protamine NC  ChitosanNC "
rifabutin
~ Mmic(mg/L) 025 025 025
)& 1€50 (mg/L) 015 011 011
Table 1. Minimum inhibitory ions (MIC) and half- I inhibitory i
(1C50) values in mg/L of rifabutin-loaded chitosan and protamine nanocapsules in Mycobacteria

The formulation showed 100% emission of dose from the
o 08 inhaler and notable accumulation at the different stages of
£ 32 . Y . .
_ £8 the lung (Fig. 6A). In addition, the 15% of the rifabutin dose
5 S8
E g2 was also detected in the pulmonary region (Fig. 6B).
§ H
5 .
A. = :
Figure 4. Confocal image of purified pollen grains loaded with nanocapsules. r & T
Blue channel: purified pollen grains; Red channel: nanocapsules labelled with DID 50 == Pollen + blank NC 3 T
) ) . mm Pollen + rifabutin NC | = .
3 Pollen grains were able to interact with cells and were 40 3
= retained beyond 4 hours under continuous flow (Fig.5). b
5 - -
8 Under the same conditions, nanocapsules were washed g 30
= P ®
o out and the observed fluorescence was negligible. ]
5 20
e 240
e —— | —— ®
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Figure. 6. Percentage of purified pollen, unloaded and loaded with rifabutin NCs (A) and
quantification of rifabutin deposited in the different stages (B) upon in vitro aerodynamic evaluation
by the Andersen Cascade Impactor. (mean £ SD, n=3.)

Figure 3: Confocal microscopy images of A549 cells: control: without nanocapsules (a-c), with chitosan
nanocapsules (d-f) and protamine nanocapsules (g-i), with corresponding  stacks aligned to the right and Figure 5: Fluorescence microscopy image of AS49 cells grown in p-Slide | channel slides, 4 h
above. Red channel (DiD): nanocapsules; Blue channel (DAPI): cell nuclei. after the perfusion with purified pollen grains. Green channel: purified pollen grains

Drug loaded nanocapsules were efficiently loaded into purified pollen grains for enhanced mucointeraction. In vitro studies showed efficient internalization while
maintaining cellular integrity. The system can be converted into a ready-to-use inhalable dry powder formulation and can efficiently deliver intact rifabutin. Overall, this
platform could be an interesting candidate as a mucosal delivery system for the local treatment of infectious diseases.
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Microbubbles (MB) are 1-10 pm-sized gas-filled vesicles which are used for ultrasound (US) imaging and drug delivery applications. To enhance
MB performance, several physicochemical features have been systematically optimized over the years, including size, surface chemistry and
shell rigidity. Shape is a feature that has thus far never been studied. MB are naturally spherical in shape due to surface tension. Here we
created rod-shaped MB and demonstrate that these non-spherical MB outperform spherical MB in US-mediated drug delivery to the brain.
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Figure 1. Study setup. (A) Spherical MB were produced by anionic polymerization of butylcyanoacrylate. Rod-shaped MB were produced by linearly stretching the

spherical Mb above their Tg and cooling them down to rom temperature. (B) Rod-shaped MB were tested with regards to their phagocytosis, binding and margination
propensity. (C) Rod-shaped MB were i.v. administered to evaluate their ability to permeate the BBB.

Rod-shaped MB Rods efficiently marginate Rods circulate longer Rods improve drug delivery

>

Spheres

Rods

Figure 2. Engineering nonspherical Figure 3. Margination. (A) Upon Figure 4. Circulation. (A-B) B- Figure 5. BBB permeation. (A-
MB. (A) Bright-field and (B) cryo-SEM injection fluorophore-labelled MB, rods mode and C-mode US imaging of B) As a result of enhanced
confirm the spherical and anisotropic flowed closer to the channel walls (B) the aorta demonstrating that margination and circulation, rod-
shape of the MB formulations. Percentage of rod-shaped MB flowing contrast of rod-shaped MB shaped MB improve BBB
in the margin was doubled. decreases less rapidly. permeation upon FUS exposure.
TfR rod-shaped MB TfR rods bind to brain endothelium TfR rods bind to BBB TfR rods boost drug delivery
A A B A VF" Doppler-mode
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Figure 6. Engineering transferrin- Figure 7. Binding to bEnd.3 cells. (A- Figure 8. BBB Binding. ( Figure 9. BBB permeation. (A-
targeted nonspherical MB. (A) TEM and B) After 5 and 10 min post incubation, US imaging indicating that the B) As a result of enhanced
(B) confocal confirm the spherical and transferrin-targeted rods bind efficiently power-doppler contrast of anti- binding, anti-TfR rods improve
anisotropic shape of the MB formulations. to brain endothelium bEnd.3 cells. TfR rods decreases faster. FUS-assisted BBB permeation.
Nonspherical MB outperform spherical MB This work was supported by Email: adasqupta@ukaachen.de
by presenting with enhanced margination, EuroNanoMed-I11: NSC4DIPG, DFG: Twitter: @Anshu_Dasgupta
prolonged circulation, strong binding to GRK/RTG2375, NIH: R0O1 EB033307 John Mobile: +4915730911539
BBB, and improved FUS-mediated BBB A. Paulson School of Engineering and :
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In the last decade, interleukin 12 (IL-12) has been studied as one of the
most potent cytokines for anti-cancer immunotherapy because it stimulates
the interferon-y production, decreases the angiogenesis and changes the
cancer microenvironment from one that contains T,0 and M2-type
phenotype macrophages to one richer in T,1 cells and inflammatory M1-
type macrophages (1-2). However, the anticancer cytokine IL-12 cannot be
used as a systemic cancer treatment due to its excessive toxicity, instability
and short half-life (3). In this study, IL-12 was formulated and encapsulated

into polymeric nanoparticles to modulate the TAM landscape.

MATERIALS AND METHODS

Immunostimulator Nar;]o;l)anicle R
nanoparticles Nanoparticle size, (elplitellefsy Vs Y For the

w!::re proriiuced by pd|p and Zeta observed with were done with

double-emulsion Potential were Sﬁ.’""i"g Electrgn cas;::rb:;fl?m%-,) evaluation, ELISA,

i - i i icroscopy an
techn:t;uz a:-1snd 1L obtagmfg with Transmission and murine gPCR and FACS
encapsulation. ’ Electron macrophages were used.
Microscopy. (J774A1).

immunomodulation

RESULTS AND DISCUSSION

Immunostimulatory nanoparticle vaccine has an average
particle size around 180 nm, a Pdl of 0.05 and a negative

zeta potential (-20 mV).

In vitro data also show that the nanoparticle vaccine was not
toxic for GBM cancer cells (UB7MG cell line) or mouse
macrophages (J774A.1 cell line).

Nanoparticles simulated the production of pro-inflammatory
cytokines (IL-6, IL-8) in GBM cancer cells and macrophages
(TNF-a and IL-6), suggesting possible modulation of the
TAM landscape.

The same behavior was also observed by mRNA expression
measured by RT-PCR for the cytokines IL-8 and IL-6, where
PLGA nanoparticle vaccine increased the production of pro-
inflammatory cytokines.

CONCLUSION

These data indicate that PLGA nanoparticle cointaining IL-12 is an effective drug delivery platform for glioblastoma
treatment. To compare the interaction between GBM cancer cells and macrophages, in vivo work will be done further.
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Engineering and characterization of biomimetic nanoparticles (BNPs) in leukemia.
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Purity of membrane extract influences uptake
BNPs are more rigid.
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INTRODUCTION
anti-PEG antibodies enrich in the protein corona of PEGylated NCs and could mitigate the stealth effect of PEG
* poly(ethylene glycol) (PEG) reduces unspecific protein adsorption and 1. study of anti-PEG antibodies in healthy individuals among the German
prolongs the nanocarrier (NC) circulation time (stealth effect)! population using an enzyme linked immunosorbent assay (ELISA)
+ administration of PEGylated NCs leads to an accelerated blood clearance via 2. enrichment of anti-PEG antibodies in the protein corona of PEGylated silica
anti-PEG antibodies and might cause acute severe allergic reactions? nanocapsules (SiNCs)
« proteins bound to the NC surface (protein corona) affect the NC’s identity 3. the cellular uptake of PEGylated NCs with varying amounts of bound
as recognized by cells? anti-PEG antibodies
Plasma screening to analyze the anti-PEG antibody 1. PLASMA SCREENING
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The accumulation of anti-PEG antibodies in the protein Influence of PEG chain length and density on anti-PEG antibody concentration in the protein corona
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CONCLUSION
1. High prevalence of anti-PEG IgG and IgM throughout all blood donor samples.

2. Enrichment of anti-PEG antibodies in the protein corona of PEGylated NCs compared to non-PEGylated NCs.
3. Cell uptake in macrophages increases with the anti-PEG antibody concentration in the protein corona.
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EXPRESSION OF CYTOKINES IN PBMC AND SPIKE PROTEIN CODING mRNA
IN VARIOUS TISSUES OF THE PIG AFTER COMIRNATY VACCINATION:
POTENTIAL MECHANISMS OF LONG TERM ADVERSE EVENTS

Laszl6 Dézsi'2, Tamas Bakos!, Gabor Kokény3, Csaba Révész3, Petra Berényi'?, Tamas Mészaros!2, Gergely
Kozma'?2, Béla Merkely?, Tamas Radovits* and Jdnos Szebeni'?

Introduction

A small, but important percentage of people immunized with mRNA-
containing liposomal (LNP-mRNA) vaccine(s) developed allergy-like
symptoms shortly after vaccination ionally leading to severe
hypersensitivity reactions (HSRs) or even to death. It mimicked HSRs
of i.v. administered na dicines called pl t (C) activation-
related pseudoallergy (CARPA). In our recent studies, we investigated
CARPA-like reactions after administration of Pfizer’s Comirnaty
(CMT), an LNP-mRNA vaccine using a naturally hypersensitive
porcine CARPA model. We have shown that CMT administration
induced HSRs showing all characteristic properties of CARPA. Since
the mass vaccination campaign a decent number of people produced
long-term adverse events. Its mechanism is yet unknown but in various
cells and tissues the presence of spike protein (SP) coding mRNA or SP
per se suspected. In our present experiments, the expression of COVID-
related cytokines and SP-coding mRNA after CMT injection are
studied.

Materials and Methods

Pigs: Domestic pigs (20-25 kg) were sedated with ketamine/xylazine (10 and 2 mg/kg, respectively) and
anesthetized by isoflurane (2-3%) in 02 flow. In spontaneously ventilating animals, the pulmonary arterial
pressure (PAP) was measured using a Swan-Ganz catheter introduced into the pulmonary artery via the right
external jugular vein, while systemic arterial pressure (SAP) and heart rate (HR) were measured in the
femoral artery. The left femoral vein was cannulated for blood sampling, Test agents were injected in bolus
(~30 sec) via the left external jugular vein. Hemodynamic changes and ECG were continuously monitored
using an AD Instruments (ADI) PowerLab System. Mean PAP, SAP, HR and ECG data were evaluated by
the ADI LabChart software.

Blood sampling: Blood samples of 2 ml, each were collected from the pigs before (time 0), and at pre-
determined time points (1-3-5-15-30 min) after the injection. Samples were collected into K3-EDTA blood
tubes, of which samples for TXB2 analysis were containing indomethacin. Aliquots of 100 pl blood were
drawn into tubes with K3-EDTA for hematological analysis, performed by an Abacus (Diatron) analyzer.
Blood was centrifuged at 1500 rpm for 10 min at 4 °C, and plasma was stored at -80 °C until analysis.
Thromboxane B2 levels: Plasma TXB2 (the stable metabolite of plasma TXA2) levels were measured with
an ELISA kit (Cayman Chemicals).

PBMC and tissue sample analysis: After administration of CMT, serial blood samples were taken to
measure blood cell changes, cytokine gene transcription in peripheral blood mononuclear cells (PBMC) and
blood levels of inflammatory cytokines, using gPCR and ELISA. At the end of the study tissue samples
were taken from multiple organs (incl. heart and kidney) for histological and SP-coding mRNA sequence
analysis.

Test items: Repeated doses of 5x of the human dose of CMT vaccine (HVD) were given three-times as an
i.v. or i.m. bolus injection. As positive control for CARPA zymosan (0.1 mg/kg) was used.

Results — part 1

Administration of CMT i.v. in the porcine CARPA model resulted in acute
symptoms of HSRs. In some cases, already by the the first dose anaphylaxis, while
at repeated administration self-induced tolerance (tahyphylaxis) could be observed.
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Figure 1: Original recordings of the hemodynamic, ECG and skin reactions.
Anaphylaxis and tachyphylaxis in a pig repeatedly injected with 5x HVD of CMT
followed by an injection of zymosan. TXB2 changes correlated well with PAP
changes (not shown). Fig. 1A—C. A Mean pulmonary arterial pressure (PAP, blue),
systemic arterial pressure (SAP, red), and heart rate (HR, black) changes during the
whole experiment. B Real-time pulse pressure recording of the reaction during the
initial 10 min. CPR - cardiopulmonary resuscitation. C top: a 25 s ECG recording
during the reaction showing arrhythmia, and C bottom: changes of ECG
parameters after the administration of CMT. Fig. 1D. Photographs of baseline
(CMT 0) and skin flushing caused by Comirnaty at 4 min (CMT 4 min) after i.v.
injection.
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Conclusions

This study investigates the short and long term immune reactive
properties of Comirnaty (CMT), an LNP-mRNA type vaccine. CMT
administration induced HSRs showing all characteristic properties of
CARPA. In addition, COVID-related cytokine- and SP-coding mRNA
expression could be observed. This phenomenon may be a contributing
factor to the long term events after HSRs to CMT and potentially
other mRNA vaccines.

Outlook

‘We are just finishing a two-month chronic arm of this study where SP
expression upon CMT is studied in various tissues. A positive outcome
could further support our hypothesis on long term adverse effects of
CMT, which would be like ,,re-infection” with COVID.

Results — part 2

In 10 of 15 pigs acute changes were followed. Similarly, to previous findings a
transient increase in PAP, accompanied by TXA2 release and other hemodynamic
and blood cell changes as SAP elevation, granulocytosis, lymphopenia, and
thrombocytopenia were observed. Three pigs developed anaphylactic shock that
required resuscitation. Repeated dosing had variable outcome, with or without
tachyphylaxis. In some cases, skin flush was also observed (data not shown). In 5
pigs the study of chronic changes in the above parameters incl. SP expression is
ongoing.

In PBMC COVID-related cytokines (ILIRA, CXCL10, TNFa) mostly elevated,
with individual variations. SP-coding mRNA expression could also be observed in
cardiac and renal tissue 6 h after the 1st CMT injection with similar variability.
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Figure 2: Changes in COVID-19 infection-related cytokines ILIRA (top left).
CXCL10 (top right) and TNFo (bottom) in PBMC isolated from a pig (ST5)
with a time course following three-times repeatedly injected with 5x HVD of
CMT up to 6 hrs. Columns show fold changes in cytokines at baseline (BASEL)
and at 0, 15, 30 and 60 min after each injection (1BE, 2BE, 3BE are 1st, 2nd and
3rd injections, respectively.
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Figure 3: Expression of SP-coding mRNA sequence (BNT-S) at 6 hrs
following CMT administration in heart and kidney samples from eight pigs
(ST1-ST8). Columns show fold changes compared with samples with no
vaccination.
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Forming of a Protein Corona on
Extracellular Vesicles increases

Uptake into Immune Cells

MAX PLANCK INSTITUTE
FOR POLYMER RESEARCH

ABSTRACT

Extracellular vesicles (EV) have attracted much attention as novel nanotherapeutic
recently and first clinical trials are ongoing. Similar to synthetic nanotherapeutics, EVs
acquire a protein corona upon contact with biological fluids that likely influences their
biodistribution, cell targeting and in consequence therapeutic efficacy. Unlike for synthetic
nanotherapeutics, little is known about the influence of the EVs’ protein corona on any of
these processes. Therefore, we aimed to compare the influence of a protein corona on
EVs directly to the protein corona on engineered liposomes. First, we analyze the
influence of the protein corona on EV uptake into human monocytes and compare it with

PRODUCTION AND LABELLING OF EVS

the influence on the uptake of engineered liposomes. Further, we use a proteomic
approach in order to analyze the protein composition of the EVs themselves and the
protein composition of a human blood plasma protein corona around EVs. The increased
uptake of EVs in presence of a protein corona can be attributed to the presence of
complement system proteins in the protein corona. Our results demonstrate the relevance
of the protein corona for EV uptake, which will aid their use in therapeutic applications.

LABELLING OF LIPOSOMES
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Protein corona prepared by incubation of EVs or liposomes in
human citrate plasma 37°C for 1 h

Protein corona was not detached from EVs, proteins enriched in
protein corona sample are considered EV protein corona proteins
Main EV corona proteins found: complement proteins C3 and
C4, immunoglobulin heavy constant p and k constant

Main EV corona proteins have opsonizing properties - enhance
uptake by immune cells

33 % DOPE
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- Protein corona

% based on all identified proteins

+ Protein corona

HCT 116 EVs Protein corona prepared by incubation of EVs or
liposomes in human citrate plasma 37°C for 1 h
MFI values were calibrated according fluorescence
intensity with and without protein corona

In human monocytic cell line (THP1), primary
monocyte-derived dendritic cells (moDC) and HCT
116 cells, uptake of EVs and 33%-DOPE liposome
was enhanced by adsorption of a protein corona
For fluorescence microscopy, HCT 116 cells were
incubated  with  vesicle amounts calibrated
according to fluorescence intensity

Boost of cell uptake after adsorption of a protein
corona was also observed in fluorescence
micrographs for all vesicles

« Uptake of liposomes and EVs is enhanced by adsorption of a human blood
plasma-derived protein corona

EV protein corona was enriched with opsonizing proteins like immunoglobulins
and complement proteins that can be responsible for enhanced uptake

Liposome protein corona was enriched with immunoglobulins but also contained
dysopsonizing proteins like apolipoproteins

Supports emerging theory that EV protein corona is integral part of EV functionality
Stealth modifications needed for EVs to unravel full potential as drug delivery

platform and nanotherapeutic
Max Planck Graduate Center ﬁ
mit der Johannes Gutenberg-Universitét
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PEG Lipid Isomerization as a Selective Tool against CLINAM
Anti-PEG Antibody Recognition in Lipid Nanoparticles
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Abstract

In the last decades, poly(ethylene glycol) (PEG) has been established as the most relevant pharmaceutical polymer in
modern nanomedicine. Despite several advantages, an increasing number of studies has led to concerns related to the
presence of anti-PEG antibodies (APA) in a constantly growing part of the population, diminishing the desired effect of
PEGylation. We present isomerization of PEG as an efficient approach to inhibit APA interaction while preserving PEG’s
main advantages and structure in lipid nanoparticle formulations.
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PEG alternatives based on bioinspired polymers with
shielding properties as Lipid Nanoparticle (LNP) components

A. Duro-Castano, R. Miravet-Marti, S. Alonso, I. Garcia, P. Martinez, G. Sogorb, L. Hemera, J. Garcia, S.

Esteban, V. J. Nebot CURAPATH

PEG problem and Curapath’s bioinspired alternatives

PEG-lipid conjugates are commonly applied in the formulation of the most successful nucleic acid delivery systems: lipid nanoparticles (LNPs) [1]. Indeed, PEG-
shielded LNPs have positioned as key non-viral vectors for gene delivery with BioNTech/Pfizer and Moderna/ /NIAID mRNA COVID-19 vaccines leading the
way [2,3]. However, the extensive use of PEG in marketed products has raised concerns related to immunogenicity and loss of efficiency of PEG-containing
medicines due to the production of anti-PEG antibodies which clear PEGylated excipients from the bloodstream (Accelerated Blood Clearance, ABC) [4]. To
overcome this, at Curapath we work with a portfolio of proprietary bioinspired alternatives to PEG based on polypeptides and polypeptoids. Examples are the
conjugate PSar-succ-tocopherol conjugate or diol modified PGA-lipid conjugates that have analogue solubility, macromolecular properties and interactions with
water compared to PEG, with a wide and versatile terminus group functionality for (bio)conjugation [5].

Curapath’s PEG Alternatives for Shielding Lipids

lonizable Lipid (neutral/protonated) | Cholesterol Nucleic Acid (e.g. mRNA)

Aids in the encapsulation of nucleic Decreases permeability of the LNP - . .
acids through electrostatic interactions ) | and enhances its stability Encodes protein of interest

PEG-Lipid PEG Alternatives

PSar, PGA-Diol, Biocompatible,
endogenous building blocks, overcome
PEG immunogenicity

‘Helper’ Lipid
Improves LNP stability and fusogenicity Prevents non-specific protein absorption,

particle aggregation and controls LNP size
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Continuous Manufacturing of PEGylated Liposomes: Tailoring Sizes for Diverse Clinical Applications

Sara El-Safy, Twan Lammers, Josbert M. Metselaar

Institute for Experimental Molecular Imaging, RWTH Aachen University Clinic, 52074, Aachen, Germany

Email: selsafy@ukaachen.de
INTRODUCTION
Liposomes are lipid-based vesicles extensively utilized in pharmaceutical industries for drug delivery. However, large-scale
productiorr is impeded by expensive and time-consuming batch methods, leading to batch-to-batch variability, which
ultimately influences liposome sizes. This is of utmost importance as liposome size significantly impacts in-vivo bio-
distribution, accumulation, and uptake behaviour. To overcome these challenges we developed a continuous flow
manufacturing setup using milli-fluidics to enable large-scale production of liposomes with uniform, reproducible sizes.

(1) Design of Experiment (DoE) O] Millifluidic Mixing @)

Purification

Agqueous

Tangential flow filtration (TFF)

Figure 1. Outlines liposomal preparation, characterization and purification

RESULTS
DESIGN OF EXPERIMENT MICROFLUIDIC MIXING
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Figure 2. Heat maps demonstrating the effect of lipid concentration (mM)
and flow rate ratio (FRR) (vol/vol) on both liposomes’ (A) size and (B) PDI.
Results show that our system allows for a broad size variation (80-200nm)
with PDI below 0.15.

Figure 3. Liposomes size and morphological analysis measured
using A) DLS and B) TEM, respectively.
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Figure 4. The effect of A) sample dilution and B) inlet pressure and C) filter outlet diameter on the cleaning efficiency of the filtration.

The lipid concentration and FRR were identified as the critical process parameters to be

controlled in order to achieve the desired size. For the TFF module in the CFM set-up,
high sample dilution, low inlet pressure and small outlet diameter maximized cleaning
efficacy. These results demonstrate the versatility of our CFM to produce nano-
medicines for different clinical applications to meet both market and individual needs.

1. Sheybanifard M, Guerzoni LPB, Omidinia-Anarkoli
A, etal., Lab Chip. 23(1):182-194, 2022.

2.Costa AP, Xu X, Khan MA, Burgess DJ, Pharm
Res. 33(2):404-416, 2016.
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DMOG-induced vascular promotion primes the tumor microenvironment
to improve tumor-targeted drug delivery
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Introduction and Methods

Effective drug delivery to tumors is one of the most complicated steps in cancer therapy;,
owing particularly to barriers in the tumor microenvironment (TME), such as aberrant
vasculature and excessive stroma [1]. Inducing vascular promotion is a promising strategy
for overcoming this challenge with a one-size-fits-all solution. We here used the prolyl
hydroxylase domain inhibitor dimethyloxalylglycine (DMOG) [2], which promotes tumor
blood vessel formation via upregulation of hypoxia inducible factor (HIF) and vascular
endothelial growth factor (VEGF) signaling, to enhance tumor-targeted drug delivery.
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Figure 2: DMOG recognizes multiple steps of i ion of VEGF-A and MMP9 in 4T1 cells without affecting HIF However, immunofit images reveal that DMOG
promotes the stability and nuclear translocation of HIF-1a in 4T1 cells Add\llanaHy DMOG effectively reduces collagen1 signal levels in 3D 4T1 hetero-spheroids. Furthermore, DMOG supernatant enhances endothelial cell
proliferation[d]. Notably, DMOG treatment in the endothelial tube formation assay increases the covered area, number of tubes, and loops formed. Moreover, the scratch wound healing assay demonstrates accelerated cell migration
upon DMOG treatment. Lastly, DMOG exhibits increased vascular sprouting in the aortic ring assay.
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Figure 5 : DMOG treatment boosts marker gene expression, reduces collagen1 deposition in hetero-spheroids, and activates HUVECs. DMOG significantly promotes functionality and maturity of tumor blood vessels and
slightly decreases collagen deposition in MDA-MB-231 tumors. DMOG treatment significantly increases labelled NP accumulation without affecting tumor volume compared to the control.

Conclusion

» DMOG-induced vascular promotion is a stepping stone in the tumor microenvironment (TME) transformation.
+ DMOG-induced vascular promotion may provide a one-size-fits-all solution to improve the accumulation and penetration of drugs.
+ Combining the DMOG-based vascular promotion with advanced (nano-, chemo- and/or immuno-) therapeutic agents may improve treatment outcomes.

References: [1] Wong P et al, Cancer Cell 2015 [2] Ojha et al, Adv Drug Deliv Rev 2017 Acknowledgement: This work is supported by the German Academic Exchange Service (DAAD) and
[3] Mpekris F et al, PNAS 2020 [4] Nelson B, Nat Chem Biol 2018 the European Research Council (ERC): Meta-targeting # 864121,
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Polymeric Nanoparticles: high throughput screening for

finding the right polymer for the required genetic material
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Curapath’s polymer manufacturing for gene therapy solutions

Gene therapy has emerged as a versatile technique with the potential to treat a wide range of human diseases [1]. The vector used to carry genetic material
across tissue-, organ-, and cell-associated barriers is a critically important component of this therapeutic modality. The transport and delivery of genetic material
to a desired site of action remains a challenging prospect, with problems primarily relating to the physicochemical features of genetic material (i.e.,
hydrophilicity, high negative charge, and instability). The chosen vector must protect the genetic payload and enhance delivery to the desired subcellular site of
action. Vectors must be chosen/designed to overcome various intracellular and extracellular barriers of differing nature and complexity, depending on the
specific disease/disorder and the preferred administration route. Polymer based NVVs can deliver a wide range of nucleic acid cargo sizes and possess both
flexible manufacturing processes and safe toxicity profiles. Under certain conditions, electrostatic interaction of polymeric NVVs and nucleic acids results in the
formation of the so-called polyplexes that are well-defined solid-like colloidal polymeric nanoparticles (PNPs) [2:3].

CURAPATH

Curapath’s Polymeric Nanoparticles (PNPS)

Polycationic polymer Shielding polymer Nucleic Acid (e.g. mRNA)

Promotes the complexation with the
genetic material by electrostatic
interactions of the charges

Encodes protein of interest
or modulates genetic
expression

Prevents non-specific protein
absorption, particle aggregation and
controls PNP size
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characterized per week and an agile characterization functionality
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and maintained it particle size for 28 days.
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¥'Curapath has stablished a HTS platform combining their end-to-
end services. On one hand, the chemistry team has developed
several polymers with high reproducibility and quality parameters.
On the other hand, the formulation team has been able to prepare
an elevated number of formulations in order to find out the best
candidate as non viral transfection vector. Moreover, the holistic
approach pursued by Curapath involving CMC and QA teams have
provided a robust scalable process.
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PEG an ilding block to modern nanomedical applications ranging from chronic diseases to cancer therapy.! Nevertheless, reports about increasing prevalence of anti-PEG antibodies and related
. heavy |mmune reactions raise growing concerns about the efficiency and safety of PEGylated therapeutics.2-* Regarding the importance of PEGylation, especially for modern nanomedicine, the occurring
immunogenicity of PEG urges for alternatives to PEG in medical applications.
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In this work, we were aiming on preserving the underlying polyether class of PEG while altering the polymers architecture. This is achieved via random AROP of EO with glycidyl methyl ether (GME). The resulting
constitutional isomers of PEG consist of polar GME repeating units which serve as statistical mutations of the highly regular PEG structure. This modifies the epitope of the anti-PEG antibodies beyond recognition while
the beneficial properties of PEG are maintained. P(EO-co-GME) a hydrophilicity comp. to PEG while showing low toxicity and no immunogenicity. Anti-PEG ELISA with backbone- and endgroup-
specific antibodies confirm a ion and elimination of antibody recognition with increasing GME content.
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INTRODUCTION

RNA interference (RNAI) represents the next-generation treatment strategy for a myriad of indications. As a result of their advantages in biosafety, non-
immunogenicity and economic feasibility, non-viral synthetic nanoparticles (NPs) have drawn attention as vectors to deliver RNAi molecules, including
small interfering RNAs (siRNAs). In general, an ideal targeted siRNA delivery system should hold the following features: (i) efficient siRNA encapsulation
efficacy to prevent its degradation under blood circulation; (i) precise targeting properties to avoid off-target gene silencing; and (iii) efficient endosome
escape capability to allow the siRNA reaching the cytosol. To fulfill these requirements, the development of targeted siRNA delivery nanosystem with
maximally simplified synthetic scheme is desired. Herein, a virus-mimicking polysaccharide nanocomplex was developed which showed membrane
destabilization behavior and macrophage targeting capability. Significant enhanced accumulation level of EEPG nanocomplex was observed in cardiac
lesion site, indicating its exclusive targeting capability for ischemic heart diseases. Altogether, these findings suggest the designed EEPG nanocomplex is
favorable for siRNA delivery, which might have translational potential as a versatile platform in inflammation-related diseases.

AIMS

To design a versatile polysaccharide-based nanoplatform for gene
delivery. 4

To optimize the release of siRNA during endocytosis by endosomolytic
polymer.

To develop viral mimicry nanocomplex with precise targeting capability.
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Figure 2. Targeting capability of the developed CEEPG NPs.
a. Flow cytometry analysis. b. Quantitative cellular uptake
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Figure 1. Endosomolytic activity of the synthesized polymer EEPG. Kidney min ;S“ &
a. Schematic illustration of the formation of polysaccharide-based siRNA delivery system. b. *®
Hemolytic behavior of EEPG and PG-NH,. ¢, d. Molecular dynamic simulation of CEEPG NPs at Figure 3. Biodistribution of Cy7-CEEPG NPs in Ml murine model.

acidic and neutral pH. Data are presented as mean + SD of three independent measurements. a. In vivo biodistribution analysis. b. Quantitative Heart targeting index (HTI)
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INTRODU

ION

Extracellular pH (pH.) in the tumor microenvironment (TME) in malignant Macrophages (Mph) get subverted into potent pro-tumor agents called tumor-
melanoma is ~ 7.0 while about ~7.4 in healthy skin tissue [1]. Acidification in the associated-macrophages (TAM). High TAM density is associated with poor prognosis and
tumor is a consequence of high metabolic rates, reduced blood flow and regulated has been demonstrated for malignant melanoma [4]. These TAM share characteristics
proton transport by intra- and extracellular pH sensors [2]. In addition, acidic pH, with M2-type-mph (non classical, anti-inflammatory, tolerogenic) and serve as a model

enhances the invasive behavior of human melanoma cells [3]. system for repolarization. Due to the plasticity M2-Mph can be repolarized (based on
their environment) to M1-Mph (classical, pro-inflammatory) which show anti-tumor
(neutral) alkaline
effects [5].
VR co, It has been shown:
" NH, NHs * tumor cells secret urea into the TME [6]
* urease (enzyme) converts urea to two molecules ammonia (NH;) and carbon dioxide
\ Hi0" B . . . .
o h —_ * ammonia (pK, = 9.24 in water) has a potent impact on increasing the pH,
H, N)kNH ' 2
E b o )
o HzN)LNHz
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N ¥ A Resazurin assay of Ma-Mel-19 after 24h of 65.  CFSE  counts
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M2-Mph for 48h. Subsequently the Mph or tumor cells were treated with normal buffered L N PBS was used as untreated vehicle
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MMARY FUTURE DIRECTIONS
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* acidic pH, does affect Mph viability * urease-liposomes restore energy changes from acidic pH, || , changes in mRNA levels of M1-/M2-Mph
* acidic p:-ie causlgs lower efnergy changesin M2-Mp:11 bl . urggse—llposomes show low cy/ltloto><l{tf:|ty Cf)mpared to NH, |, investigation of self-regulated nanocapsules
urease-loaded liposome formed NH3 decrease Mph viability acidic pH, decreases tumor cell proliferation « invivo targeting experiments with nanocarriers
* M1-Mph are more affected by acidic pH,

REFERENCES [1] Hao et al., 2018; [2] Damaghi et al., 2013; [3] Martinez-Zaguilan et al., 1996; [4] Brocker et al., 1988; [5] Abdullah et al., 2015; [6] Keshet et al. 2018;

[a] Supplemented with 1% human plasma, 1% GlutaMax and 0.2% primocin for Mph or 10% FBS instead of plasma for tumor cells; [b] Figures were created with BioRender; [c] Commercially available; [d] Graphs were created with
GraphPad Prism Version 9. Data were analyzed by one-way ANOVA. A P-value of < 0.05 is considered to be significant (denoted by *), < 0.01 is denoted by **, < 0.001 is denoted by ***, < 0.0001 is denoted by ****; [e] Obtained fcs files
were processed with the web based program Cytobank Community; [f] Data were measured with a Seahorse XF HS Mini Analyzer.
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Objectives

o FDA approval of ONPATTRO® by Alnylam, Comirnaty® by BioNTech/Pfizer and Spikevax® by
Moderna and the various clinical trials with mRNA-based drugs or vaccines have provided
momentum to further develop lipid nanoparticle (LNP) based genetic medicines.

o Ionizable amino lipids are a major constituent of LNPs for delivering nucleic acid therapeutics, and
thus ionizable lipids with high encapsulation efficiency, high endosomal release that are non-toxic
are essential for efficient clinical translation.

o The scarcity of ionizable lipids that are suitable for development of vaccines, cell and gene
therapies continues to be a problem in advancing many potential therapeutic/vaccine candidates to
the clinic.

Methods and Results

1. Non-Viral Delivery Systems Enable Cell Therapy
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O MC3 - Ionizable lipid, an excipient in FDA approved Onpattro™, was used as benchmark lipid for
comparative evaluation of potency of proprietary PNI lipids
o Higher GFP MFI and comparable transfection efficiency relative to MC3 was observed with PNI lipids

o Cell viability was >90% as compared to untreated cells

2. Proprietary LNPs Enable Erythropoietin Production in vivo

€@ We encoded human Epo in
mRNA, packaged it in PNI LNP
using NxGen™ Technology

© Following 1V injection, PNI
LNP delivers the mRNA to
liver cells which express Epo
protein stimulating red blood
cell production
We observed an increase in red
blood cell production in mice
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a. EPO Expression levels from LNPs b. Hematocrit Results Comparing LNPs
Prepared with Different Ionizable Lipids Prepared with Different Ionizable Lipids
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EPO-encoded mRNA-LNP showed significant
EPO expresswn levels at 6h in C57BL/6 mice
following i.v administration of 0.5 mg/kg dose

© Post 7 days injection, EPP encoded mRNA LNP

treated female C57BL/6 mice demonstrated

~20-40% increase in Hematocrit levels

3. Proprietary LNPs Towards Developing Self-Amplifying mRNA (saRNA)
Vaccines

How do saRNA-LNP vaccines work?

saRNA is delivered in a LNP
formulation, to cytoplasm
of host cells

saRNA self-amplifies, produces
multiple copies of mRNA in the target
cells and expresses vaccine antigen.

saRNA is enzymatically
synthesized in vitro from
a DNA template
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o The analysis for SARS CoV-2 spike protein specific antibodies, post two weeks boost (day
42), confirmed that many of the PNI lipids showed similar expression compared to clinically
demonstrated SM-102 and ALC-0315.

wwww precisionnanosystems.com m vl

© Demonstrate cell therapy applications for proprietary lipids using GFP encoded mRNA and compare
their transfection with clinically approved lipid Dlin-MC3-DMA (MC3) in human primary T cells.

Demonstrate protein replacement applications for proprietary lipids using EPO encoded mRNA and
their potency comparison with clinically approved DIlin-MC3-DMA in mice.

o Display PNI proprietary lipids for vaccine applications using self-amplifying RNA encoding for
SARS-CoV-2 spike protein in comparison to SM-102 and ALC-0315 in mice.

Showcase the PNI proprietary lipids for gene editing applications in vivo.
Tllustrate the safety and tolerability of PNI proprietary LNPs in mice.
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4. Novel Ionizable Lipids for Gene Editing Applications
a. TTR CRISPR Gene Editing — Preliminary Data with PNI Delivery System

" o A life-threatening genetic disease,
~g-5-2- 9

caused by progressive
Folded Misfolded

accumulation of misfolded
Liver  TTRtetramer Folded dimers monomers,#” amyloidgenic

transthyretin (TTR) protein in
tissues of nerves and heart

Polyneuropathy & Myopathy can be
resulted

Leads to cardiovascular disorders
Preliminary results show more than
75% reduction in TTR protein levels
with majority of tested lipids with
one injection (3 mg/Kg)
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b. Base Editing - PCSK9 Knock Down - Preliminary Data with PNI Delivery system
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o Caused by mutations in LDLR,
PCSK9, and or APOB genes

© Two missense mutations in T ‘-/-n:I-w

PCSK9 were associated with (i

an autosomal dominant form

of hypercholesterolemia T i

o Gain-of-function variants of \.
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5. Tolerability of Proprietary LNP Administered IV in Mice
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Conclusion

o Non-viral lipid nanoparticle delivery systems show significant promise in the field of genomic

medicine.

Precision NanoSystems has developed a proprietary ionizable lipid library comprising more than
100 lipids with diverse pKa for different applications including cell therapy, protein replacement,
gene therapy and RNA vaccine.

o The Precision NanoSystems lipid technology enables the targeted delivery of nucleic acids to
specific cells and tissues and can help to accelerate the development of genomic medicines for a
wide-range of diseases.
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Aim

Development of novel nanoformulations delivering therapeutics
to specific tissues and cells is a challenging endeavour and often
based on extensive and costly nanoparticle library screening.
High-throughput (HT) nanoparticle synthesis and characterization
will enable more cost-effective and efficient nanomedicine

development. We present a new HT flow-mixing based
nanoparticle synthesis set-up consisting of commercially available
liquid chromatography instruments and microfluidic chips. We
demonstrate that the set-up provides highly reproducible and

high-quality nanoparticle formulations.

The set-up

We have assembled and custom-programmed commercial high-
end liquid chromatography and online analytical modules into a
HT nanoparticle formulation set-up, which we call the HT-mixer
(Figure 1). The set-up allows for automated formulation,
miniaturization (<100 pL per nanoparticle batch), and dramatically
increases the speed of manufacture (~3 minutes per batch).

Buffer + NP|

——

Liquid ™ E K

“~ingredients
Y

handler

A

Detectors Sample
[ collector

| ) g
size, con-
centration

<= [EtOH+ NP

. . -
Liquid ingredients

handler

Figure 1: High-throughput nanoparticle formulation set-up (biorender).

To characterize plug-flow, we injected different dyes in the organic
and aqueous channel. Absorption (in-line UV-detector) at 210 nm
(Figure 2A),
confirmed by UV absorption spectra (Figure 2B). Tuning injection

indicated asynchronous injection of the dyes

timepoints resulted in the desired synchronous injections in the
two channels (Figure 2C).

A B 660

L |
310 .

Time(min) O3 0 Time(min) 03 0

Time (min) 0.4
Figure 2: Pilug-flow characterization using in-line UV detector and coumarin

(Amax: 350 nm) injection in the organic and nile red (A, 580) in the aqueous
channel.

Benchmarking of nanoparticle size

We prepared oil-in-water emulsions and mRNA-LNPs with the
same microfluidic chip (Darwin microfluidics, product #: LFT-
012.00-4264) in the HT-mixer and in a set-up with syringe pumps.
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Figure 3. A-C: Dynamic light scattering (DLS) (A, B) and multidetector field
flow fractionation (MD-FFF, C) for emulsions, D-F: DLS (D,E) and MD-FFF (F)
for mRNA-LNPs. TFR: Total flow rate (ml/min).

Oil-in-water emulsions consisted of Miglyol 812 N and
DSPC:Cholesterol:PEG2000-DSPE at molar ratios 57:33:10.
mRNA-LNPs were prepared at pH 4 using D-Lin-MC3-
DMA:DSPC:cholesterol:PEG2000-DMG at molar ratios
50:10:38.5:1.5 and N/P of 6. Batch size was only 50 to 100 pL.
Emulsions prepared with the HT-mixer were consistently smaller
than the ones prepared with the syringe pump set-up.
Nevertheless, both emulsions and mRNA-LNPs from the HT-mixer

were reproducible in size, see Figure 3 and Table 1.

Table 1: Summary of various produced nanoparticle batches.

i organic : Total Final lipid R MD-FFF
NP type e e s Tlow | fiow e (erceraran D3 p (Diameter of
s | e | (i) | A48 | ille) | yretion
(nm) (nm)
Emulsion Syringe 13 1 2 107 0.17 105
Emulsion Syringe 1:3 1 2 111 0.15 112
Emulsion | HT mixer 13 1 2 76 0.08 64
Emulsion | HT mixer 1:3 1 2 88 0.14 80
Emulsion Syringe 13 0.5 2 128 0.17 na.
Emulsion Syringe 1:3 0.5 2 130 0.18 150
Emulsion | HT mixer 1:3 0.5 2 108 0.16 n.a
Emulsion | HT mixer 1:3 0.5 2 109 0.14 90
mRNA-LNP | HT mixer 13 0.5 2.5 84 0.21 80
mRNA-LNP | HT mixer 1:3 0.5 2.5 91 0.18 85
mRNA-LNP | HT mixer 1:3 1 2.5 87 0.24 78
mRNA-LNP | HT mixer 13 1 2.5 97 0.23 67
mRNA-LNP | HT mixer 13 2 2.5 103 0.22 85
mRNA-LNP | HT mixer 1:3 2 2.5 108 0.21 82

Conclusion and outlook

We realized automated nanoparticle production at 3 minutes per
50-100 pL batch. Combined with, 1) liquid robotic handlers to
prepare organic and aqueous solutions of nanoparticle
ingredients, and 2) in-line characterization (in-line sizing in
progress), this will allow us to formulate and characterize

nanoparticles in a high-throughput fashion.

Contact: sjoerd.hak@sintef.no
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Introduction

Many nanoparticles depending on their physicochemical properties (including
size, shape, and surface characteristics) activate complement system, an integral

Low Curvature T dd
" High I X Angstrom-Scale ($1 nm)
Steep Curvature Xorv/ VY Nanometer-Scale (2-20 nm )

L [EPSO—

part of innate immune system that render nanoparticles susceptible to

phagocytosis by immune cells like polymorphonuclear leukocytes and tissue 1gM

macrophages [1].

Recently, we showed dendrimers evade complement activation due to Angstrom-

&

scale spacing arrangement (the ASSA phenomenon) of their surface functional

motifs [2].

Considering this, we hypothesize immune cells might also respond differently to

nanoparticles that display surface ligands/functional groups in ASSA arrangement.

Methods

4 S
1gG dulation of Antibody and Compl MBL
Pattern-Recognition Molecule Binding
Curvature Surface Pattern Periodicity

NANOPARTICLES

* The study involved functionalisation of polymeric nanoparticles with a library of fully characterized dendrimers.
* Assessment of surface properties with a wide range of state-of-the-art biophysical modalities like DLS, NTA, SEM, XPS, and FTIR,
and modulation of immune responses through assessment of serum protein deposition by shot-gun proteomics and macrophage

challenge.

Results and Discussion
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Figure: | and Il = SEM image of non-functionalised and dendrimer
functionalised NPs showing hexagonal and cuboidal arrangements,
respectively.

Il - Capture intensity of non-functionalized and dendrimer-
functionalised NPs by human macrophages after 3h incubation at
37 °C and their associated confocal images. The data points
represent mean t s.d (n=3), analyzed by two-sided unpaired t-test,
statistical significance compared with non-functionalised NPs (***p
=0.0006; **p = 0.0019)

IV - Proteomics analysis of selected complement proteins on NPs.
Shot-gun and label-free quantification of complement proteins

B = C - D

3x1074 A \%
2x107

5x108

<
>
¢

§

4x10°

3x10°

Cell capture (MF1)

5
g
g

2x10°

\ F |

O g &
é"&‘é“\"eo" CSf e A B c
0

Polypeptide abundance (iBAQ value)

°

from protein corona of NPs after incubation in untreated HS.

V - Capture intensity NPs by human macrophages after 3h
incubation at 37 °C in the presence of chelating agents (10 mM
EGTA/2mM MgCl, or 10 mM EDTA) respectively. The data points
represent mean * s.d (n=3), analysed by one-way ANOVA followed
Tukey-Kramer  multiple comparison, statistical significance
compared with respective particles in the absence of chelating
agents in the same HS sample (***p = 0.001 - 0.005; *p = 0.05-0.1).
(A — Untreated/ HS, B — non-functionalised NPs, C, and D Type |
and Type Il dendrimer functionalised NPs)

D

Characterlzatlon of N”Ps through biophysical modalities confirmed the functionalisation of NPs with dendrimers, an example of this

is the altered arrangement or packing behavior of NPs post dendrimer functionalisation as seen in SEM

Results from shot-gun proteomics revealed deposition of complement proteins as seen in the figure IV, but same particles when

fed to the macrophages, showed lesser uptake of dendrimer functionalised NPs (both type | and Il dendrimers) than non-
functionalised NPs indicating that protein deposition does not affect macrophage uptake of these NPs. Additionally, capture is

Ca%*/Mg?*insensitive

Conclusion

Overall, the results of the study conclude that precision surface patterning with dendrimers can control and modulate immune responses.
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rHighly potent small-molecule immuno drugs often lead to serious side effects when
administered directly. To optimize the pharmacological properties of small molecule active
ingredients, nanocarrier systems can play a decisive role.
Among other polymer-based nanoparticles, polymeric micelles are of particular interest.
They allow a simple preparation of polymer-drug-formulations, using the solvent
evaporation method.
Here we present the preparation of dual pH degradable polymeric micelles for the
transport of active ingredients. Starting from the synthesis and characterization of a novel .
aliphatic carbonate-based acid labile monomer, we perform the preparation of homo and O - -
block copolymers. The latter can be used for the formulation of polymeric micelles. These . %

Trigger

structures were further characterized and successfully used in in vitro experiments, . ; ‘ -

demonstrating their cell uptake and extraordinary ability to transport the highly immune
stimulatory TLR7/8 agonist CL0O75 yielding a controllable stimulation of the cells immune - N Hydrolysis
ksystem. f
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Investigating the immunological responses of hepatic and immune
cells linked to the bioretention of iron oxide nanoparticles :p* safe

Bethany J. Heaton, Doaa Mohamed and Neill J. Liptrott “—nmt

Immunocompatibility Group, Department of Pharmacology and Therapeutics, Institute of Systems, Molecular and Integrative
Biology, The University of Liverpool, Liverpool, UK; Centre of Excellence for Long-Acting Therapeutics (CELT), Department of
Pharmacology and Therapeutics, Institute of Systems, Molecular and Integrative Biology, The University of Liverpool, UK
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BACKGROUND EXPERIMENTAL APPROACH . : .
Super paramagnetic iron oxide nanoparticles (SPIONS) are | |l cells were maintained in complete growth medium (THP-1: RPMI-1640 supplemented g P > are
being investigated for application in hyperthermia treatments. | with 10% FBS; Hep G2: DMEM supplemented with 10% FBS) and maintained at 37°C, 5% E [ppaasssacey gi, _M/V-/‘
Nanoparticle physicochemical characteristic diversity presents a CO,. All studies were undertaken in the cell lines and as such cannot precisely represent fos LI Y
challenge to their immunocompatibility assessment which, complex physiological systems. EIEVEREI EIEVEREIA
combined with a lack of immune-competent tissue models, Cytotoxicity assessments: (MTT/LDH) The concentrations of SPIONs used in

hampers development. subsequent experiments were of non-cytotoxic concentrations, observed

Our current work highlights cell-type specific responses to responses were not a consequence of cell death. :O::;ry (CAR), Cells
nanoparticles, underpinned by altered bioenergetics, that may Responses of the human immune and liver parenchymal cells to experimental [ ,":‘:’:"’::” o b
define conditions and processes for the development of SPIONs and immunostimulatory ligands: THP-1 and Hep G2 cells at 5x105 = 9 S

immune-competent tissue models. This highlights the need to cells/mL were exposed to ligands and SPIONs for 2-, 4-, and 24-hours. 4 oxean

first assess such responses in mono-culture to determine
exposure-response relationships over extended periods of
time.

We have assessed the responses of human immune and liver
parenchymal cells, supported by physiologically based
pharmacokinetic modelling (PBPK) (Figure 5). Detailed
bioretention of SPIONs in the liver to a panel of pattern
recognition receptor ligands and SPIONs, with varying surface

chemistry, enabled development of appropriate immune- Statlstical analysls was performed using GraphPad Prism 8.3 software. Statistical significance was evaluated
- using a one-way ANOVA test. A P value <0.05 was considered statistically significant.
competent tissue models.

Following incubation, responses were measured via a 6-plex Human Premixed
Luminex assay or CellROX green.

Bioenergetic assessment, on THP-1 and Hep G2 cells, utilised the Agilent
Seahorse ATP Rate Assay: cells were pre-treated with the CAR and PEG
SPIONs, and ligands, for 24 hours prior to running a XF Real-Time ATP Rate
Assay, which measures the rate of ATP production from glycolysis and
mitochondria simultaneously in live cells.

Secretion of bioactive molecules from model cell ling, in response to immunostimulation

IL-8 IL-18 IL-1B

2 2-fold greater ~ O-fold difference < 2-fold lower
Figure 1. THP-1 and Hep G2 cells exposed to
immunostimulatory ligands and SPIONs for 2-, 4-,
and 24-hours. Following incubation, responses were - R
measured via a 6-plex Human Premixed Luminex
assay. Displayed in the form of heat graphs are  Poly(:C) HMW10ug/mL-
secretion profiles of three cytokines, IL-8, IL-18 and IL-  poyy(:c) HvW 500ng/mL*
1B. Scale is fold difference with RED = = 2-fold -
greater, BLUE = = 2-fold lower. n=2, statistical CAR
significance when compared to untreated displayed AM *
as * p<0.05, ** p<0.01, *** p<0.001, ***p<0.0001 PEG

THP-1 Hep G2 THP-1 Hep G2 THP-1 Hep G2

IL-8 secretion is significantly lower after treatment with different SPIONs and ligands in Hep G2 cells, for example, the CAR coated SPION at 24 hours significantly lowered the secretion of IL-8 (1.78-fold,
p=0.0114). IL-8 secretion is significantly greater after treatment with different SPIONs and ligands in THP-1 cells, such as stimulation with LPS (2 hours = 690.50-fold, 4 hours = 390.49-fold, 24 hours = 235.12-
fold) (p=<0.0001).

IL-18 secretion was unaltered by ligands, however the SPIONs had significant effects in Hep G2 cells. CAR at 2 (1.97-fold) and 24 hours (1.98-fold) (p=0.002), AMI at 2 and 24 hours (1.55-fold, p=0.0233) and
PEG at 2 and 24 hours (1.98-fold, p=0.002) lead to significantly lower secretion. SPIONs caused significantly higher secretion, beginning at 4 hours in THP-1 cells. Both AMI (3.45-fold, p=0.209) and PEG (6.50-
fold, p=0.029) exposure increased IL-18 secretion, which was further inflated with PEG at 24 hours (PEG = 40.14-fold, p=<0.0001). CAR at 24 hours also significantly raised the levels of IL-18 secretion (23.00-
fold, p=0.0027).

IL-1B secretion is significantly lower when treated with PHA in Hep G2 cells (1.87-fold, p=0.015) and ODN-2006 (1.85-fold, p= 0.015) at 2 hours. AMI also significantly lowers IL-1f secretion at 24 hours (1.25-
fold, p=0.0489) in Hep G2 cells. IL-1B secretion is significantly greater when stimulated with LPS in THP-1 cells (2 hours = 141.14-fold, 4 hours = 91.50-fold, 24 hours = 17.97-fold) (p=<0.0001) and also when
treated with CAR (3.24-fold, p=0.0016) and PEG (1.71-fold, p=<0.0001) at 24 hours.

Change in ATP rate production in THP-1 and Hep G2 cells following treatment | ROS production in THP-1 cells in response to treatment with immunostimulatory ligands and SPIONs
with CAR and PEG SPIONS

Figure 3. Cell stress assessment of
immune cels to experimental
materials. Kinetic measurements of
reactive oxygen species generation in
THP-1 cells in response to
immunostimulatory  ligands  and
SPIONs over 24 hours. Responses
. [ were measured via CellROX green.
CEPIPFEPIPEECIIPIPISFIFIPS CEPEPLPPPPLPPIPPLPPLLFL PP $  Results are displayed in the form of

Tow i Tin (i) smooth line fluorescent  readings,

" - - n=4

A oo A Producton ap G2 Percetage TP Production Hep G2

B gyco ATP Production Rate = mito ATP Production ate

C_imo ATP Production THP-1 D

0 Percentage ATP Production THP-1

Figure 4. Area Under the Curve {AUC)
following ROS

of immune cells.

AUC of kinetic measurements of
reactive oxygen species generation in
THP-1 cells in response to
immunostimulatory  ligands  and
SPIONs over 24 hours. Data displayed
as average of n=4 + SD. Statistical
significance  when compared  to
untreated displayed as * p<0.05, **

AUC (RFU min'")

B gyeo ATP Production Rate = mito ATP Production Rate T bodurion b [

AU (RFU min")

Figure 2, ATP production rate assessment an THP-L and Hep G2 cells following 24-hour Incubation with Immunostimulatory ligands,

CAR and PEG. (A) ATP production in Hep G2 cells (B) Percentage of ATP production in Hep G2 cells when compared to untreated (C) o M s T T o y Sy % e
ATP production in THP-1 cells (D) Percentage of ATP production in THP- cells when compared to untreated. Graphs displayed as an (f e?'x*“,,s @fé&"{}ﬁ@i@s ?’i’i&;f; ,a"\“* *’#"’& ‘f,;,‘;,ey p<0.01, p<0.001, p<0.0001.
average (n=4) + SD. Blue bars displaying ATP produced via oxidative phosphorylation and red bars displaying ATP produced via ¢ {‘é S f»*‘.{_&«;é O sw““"k‘“ S ,,éw *.\
glycolysis. O PRI SN % o
W S G @\ ey HE
<o e oo o

* Immune stimulation, in both THP-1s and Hep G2s, resulted in a greater total rate of ATP N
production with LPS. b ¢ e“’f*} "’é‘s .,wa
CAR and PEG SPIONs increase the ATP production rate within the Hep G2 cells (Figure 2A), yet have
little effect on the THP-1 cells (Figure 2C).

There is a clear difference in the baseline bioenergetics between THP-1 and Hep G2 cells in that
the source of ATP production across the two cell lines differs, with THP-1s favouring glycolysis and
Hep G2s favouring oxidative phosphorylation (Figure 28, D)

ROS production (measured via CellROX green) showed via kinetic 24-hour measurements differed in response to
immunostimulatory ligands and SPIONs (Figure 3)

THP-1 cells treated with a ligands and SPIONs showed significant increase in AUC than untreated control cells (Figure 4). For
example, cells treated with Poly(dG-dC) significantly increased the AUC by 1.94-fold, which was further increased by the addition
of CAR (+Poly(dG-dC)) to 2.37-fold when compared with the untreated (p = <0.0001) when compared to the untreated.

Figure 5. Plasma ferumoxytol log concertration after two consecutive IV L . . . .
bolus administered of 510 mg (26 hours apart)in heakthy human subiecs SUMIIMARY  Dependent on the cell type, conditions, and time of exposure, there are varying results for cytokine secretion,

3 . E:tﬂldr:jp:t?o\zﬁiis ELiZd’Zi’:ﬁiZEZ;CZ‘Z‘Tpﬂii‘f"miéiﬁ‘fs‘l”pp’,f:!ff ROS production, and the bioenergetic profiling of the cells. The SPIONs induced pro-inflammatory cytokines in cell lines
i’ N XEJ\T;Zf:ZZZ'fJJeﬂZﬂZQETEl@fij;&ﬂ?:i’!’fﬂ:‘f:\‘ celo0 il observed in monoculture, and further work will incorporate the use of co-culture for the assessment of cell-lines.

i TR | cceptatle 2fold Imit with» iffmz‘w‘lffg One of ey e 1™ The cell bioenergetic assessments returned surprising results which indicates a need for additional work to determine the
; T e ool Pememed imvve vetekeimpact of the SPIONs in these cell lines. Going forward, we plan to assess the impact of long-term exposure on cellular

- retesef oo o TESPONSES to the SPIONS over a period of 7 days, looking deeper into cellular responses to identify whether the cells display
weaensn  SENESCENCe associated phenotypes after prolonged exposure.
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o Crotherapy, 2017 190 . 555,565



Manasa Manjunath Hegde

Manasa Manjunath Hegde!, Jayant S. Goda?2, Srinivas Mutalik®, and Bola Sadashiva Satish Rao'*

1. Manipal School of Life Sciences, Manipal Academy of Higher Education (MAHE), Manipal - 576 104, Karnataka, India, 2. Advanced Centre for Treatment, Education and Research in Cancer
(ACTREC), Tata Memorial Centre, Kharghar, Navi Mumbai - 410 210, Maharashtra, India, 3. Manipal College of Pharmaceutical Sciences, MAHE, Manipal - 576 104, Karnataka, India.

Glioblastoma INTRODUCTION
@ I } « Several limiting factors including the blood-brain barrier, the highly invasive nature of gliomas,

and drug resistance challenges with delivering therapeutic agents specifically to the tumour cells,
Classification Epidemiology Treatment Prognosis

ye:

make it difficult to treat malignant gliomas and results in a poor prognosis.

*To deliver targeted payloads with favourable pharmacokinetics and take benefit of cellular
targeting for increased specificity, and enhanced effectiveness, nano-based therapeutic
Gliablastoma Surgiatemovatof S compounds arg now in e)ftensive use. ) ) ! ) )

mullléﬁ;:!j&‘GBMJ e 2R tumoral tissue about 12.14 months / * In the present investigation, dual drug-loaded multifunctional liposomes were engineered with a
astrocytoma » ,g::m:; ) ::ﬂm:‘:rm Zy‘cxa':‘s:r:w;jasl;m combination of standard anticancer drug, Temozolomide (TMZ) and a chemosensitizer O6-

et e emotherpy Benzylguanine (O6-BG) along with ligand transferrin to bypass the blood-brain barrier as well as
with a glioma tumour cell (U-87 MG Luc*) surface targeting moiety, anti-integrin antibody for
targeted drug delivery aiming for an efficacious targeted delivery to the tumour in an
intracerebral glioma model.

most common and
aggressive
malignant brain
‘tumor

Origin of glioblastoma

METHODOLOG

Collection of plasma and
brain at different time points
followed by drug extraction

COOH-PEG-NH,
addition to dual drug
loaded LHNP via o -

EDC-NHS chemistry oy
5 . [y Antiintegrina . Lipid shel

W Transferrin @ 06-Benzylguanine

4 (06-86)
Conjugation of EX - / COOH-PEG- Treatment of animals on
"; ngfemn iy V NH,(PEG linker) @ Temozolomide (TMZ) = the 10th day (After tumor
. i ion) by IV
La;:;ptnl;g]dy :? R Establishment of Tumor monitoring by Infusion (at the rate of
in 5:1 ratio Y brain tumor Pl IVIS bi 100pL in 10 min)

N T . . . model in Nude Mice imaging HPLC analysis
Overview of the formulation of multifunctional liposome of plasma and brain tissue extract

Nanocarrier | Size (nm) | Zeta Entrapment | Drug \/ \
. ) ) \
potenti efficiency (%) | loading n W Low Frequ ncvl‘ | I
al(mv) (%) R NH Region | I
. 28 Protein Peaks| "
Unconjugated | 182£50 | -32¢50 | 0423t | TMZ-307:20 | 46£20 | % ‘ | I
P 0082 87420 | £° ‘
068G 71.6¢ 2.0 |
2 b
Transferrin/ab | 196£5.0 | 2950 | 0.528¢ | TMZ-363£20 ) SN | I |
conjugated LPs 0.051 001 B sxlfﬂm 00 000 H
0636 4120 Fig. 3: FTIR spectra showing formation of amide linkage between Lipids and
. . . . . . 8. spectra sl owlng 'ormation of amide linkage between Lipids an
Fig. 1: Repr h :
v ; - ) o showing  Fig. 2 ':e'"e:e"f“"‘g’f (a) SEM and (b) TEM 5 peG.coOH with a C=0 stretch at 1732.35 cm and NH stretch at 3182.54
Tab!e 1: Phys e of and P :rr|ages ra:s ernn W di ; in / cm! indicating the formation of amide (CO-NH) bond, low frequency spectra
conjugated liposome loaded with dual drugs iposome showing well dispersed particles of nanocomposite showing region of dual proteins
Determination of cellular uptake of Liposomes Establishment of the orthotopic glioblastoma mouse model
(a) Green fluorescence DAPI Overlay (63x) ®) (a) P 0 B

Control (dye alone)

Coumarin 6-LP

Coumarin 6-LP-Tf-ITG

Fig 6: Repl ive images showing intr tumor determined by (a)
i i imaging, (b) hi: (H & E staining) section of untreated tumor
and T+BG-LP-Tf/ITG treated brain

Coumarin 6 fluorescence intensity Pharmacokinetic profile of TMZ and formulations

Coumarin
6-LP

Fig. 4a: Representative confocal laser scanning microscopy images and

o . .
% ':T representative histogram (4b) of U87 cells incubated with dye alone, in blood & brain
g L3 Coumarin 6-loaded liposome and Coumarin 6-loaded LP-Tf-ITG (10 (b) -
8 =] ug/mL dye eq.) for 4h, scale bar is 25um. LP- liposome; Tf- transferrin; 5 5 o
) ITG — Integrin a6p4 anti C6-Coumarin 6 dye. : H
ignifi uptake of conji LPs was than the 1 2
LPs ing the receptor It ytosi: £ 3
> (a) Control ™Z TMZ + BG H H
2 i H
§ = Contral 3 4
3
£ (b) =z DRI I
3 ! * 60 =1 TMZH 088G
H / f * - = TMZ/BG-LP Fig.7: In vivo pharmacoklnetlc study: (a) plasma and (b) brain concentratlon v/s time profile of
§ .:g = TMZBGLPTE IGABAd. Data is represented as mean * SD, **p<0.01, ****p <0.0001 in comparison to TMZ+06-BG;
‘g TMZ/BG-LP TMZ/BG-LP-TfIGA & 40 .#p<0.05,:#m‘¢p<A0.001 in camparisc{n to ATMZ‘+BG-LPA. T+BG-LP-Tf—ITG fhovyed sustained drug
T 8 release with significant drug uptake in brain with negligible plasma distribution
3 R
H . g CONCLUSION & FUTURE PROSPEC
A i °
E e & & > We developed multifunctional dual drug loaded (TMZ & 06-BG) liposomes (agged with transferrin to bypass BBB and
'g_ j\ specifically target stem cells in i glioma tumor by grin antibody so as to enhance
a Annexin-V FITC Fluorescence Intensity @'»‘e 5 therapeuticefficacy.

>The use of Integrin antibody as tumor targeting moiety has been demonstrated the effective localization of liposomes

Fig. 5: Representative FACS a) dot-plot and b) histogram for U87 MG cells stained with Annexin V-FITC/ Pl staining for after treatment with
inside the tumor cells.

pure drugs and drug-loaded lij for72h. i release of drug leading to early and late apoptosis after various treatments
>In vitro studies dlsplayed that developed liposomes were abl to reach the tumor cells and effectively cause cell death
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Surface-functionalized human serum albumin for modulating
tumor microenvironment

Lifan Hu, Darijan Schiiler, Seah Ling Kuan, Tanja Weil

/1. Introduction N
The altered metabolic biology, is a hallmark of cancer cells that support their activities and malignant properties. Warburg
effect indicates that cancer cells tend to undergo glycolysis rather than oxidative phosphorylation (OXPHOS), even in
aerobic environment, resulting in tumor immunosuppressive environment. Consequently, cancer metabolism has emerged
as a vital area in cancer research to develop new treatment that are more effective. Nowadays, some small molecule
inhibitors have been developed but shortcomings from these therapies such as limited stability, toxic side effects from
non-specific targeting also need to be addressed. Herein, we develop a protein-based carrier that can be selectively uptaken

kin acidic environment of aggressive cancer. )

(2. Cancer metabolism inhibitors ) G Surface-functionalized HSA )

AQ)‘\ o o i NH
Target Metabolism inhibitor HO ‘\?CQJ\” dv\i T on . J:,l ” ,vﬁ"l}' \f) \/%Lu/\/[,{)
Hexokinase-I| 2-DG P A
3-bromopyruvate S, = S
GLUTs Silibinin 5 A
Cytochalasin B 3HSA  His-aH3A
MCT-1, MCT-2 AZD3965
AR-C155858
OXPHOS Metformin
Phenformin
Lonidamine
PDK Dichloroacetate
LDH GSK28387808A
FX11
Table 1. Targeting sites and inhibitors in cancer metabolism Figure 1. A. Scheme of His-aHSA synthesis. B. Agarose gel of
pathways. Limitations: limited stability, off-target toxic side HSA, aHSA, His-aHSA (depended on different n(Imidazole)). C.
foects. ) |soelectric focusing gel of HSA, aHSA, cHSA, His-aHSA.

(4. pH-dependent cell upatke )

Control HSA-Cy5 His-aHSA-Cy5

Figure 2. Confocal Microscopy images of pH-depended uptake. A. Cell uptake of His-aHSA-Cy5 on MDA-MB-231 cells under
different pH environments. B. Cell uptake of HSA-Cy5 and His-aHSA-Cy5 on MDA-MB-231 spheroids under different pH
environments.

pH 7.4
pH 7.4

pH 6.5
pH 6.5

(4. References )

e R.J. DeBerardinis, N.S. Chandel, Fundamentals of cancer metabolism, Sci Adv, 2 (2016) e1600200.
e Stine ZE, Schug ZT, Salvino JM, Dang CV. Targeting cancer metabolism in the era of precision oncology. Nat Rev Drug Discov. 2022

Ceb;21(2):141-162. )
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ORM FOR THE DESIGN

p These bi j ion approaches suffer from

e and may cause issues in biomedical applications. An ideal
ner onto the carrier.

o the dynamic nature of the underlying polymerization

ple mixing in aqueous solution results in the formation

ar platform is employed for versatile multivalent
a Tn and 2,3-ST antigen, in C57BL/6 mice.

Nanoplatform For Vaccine Development

= AP
=0

The human immune system is a powerful machinery, i y iali; on r izing and
eliminating nano-scaled pathogens of viral, bacterial or xenobiotic origin. For the design of fully

synthetic vaccines, supramolecular polymers can serve as well-defined scaffold to present relevant
tumor-associated structures to immune cells on their surface. Bioor ity of the jugati

chemistry enables i “last step” of relevant ical structures which was
successfully demonstrated for peptidic B-cell and T-cell epitopes as well as heterocyclic
i i No effects of icity or i icity of the self- ing scaffold were

LS

Multivalent \{accme L Antisera Analysis

seen in the mouse model. The fact that each monomer bears only one cargo gives the chemists full
control on the total amount of active ingredients in the vaccine. Blending diversely loaded monomers
with different functional moieties and ization in iological media is a
ising and modular app h to construct fully synthetic antit vaccines.

Immunologic Cargo Co-assembly

Self-Assembling Peptide Motifs
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Vital Epithelium

STy-Antigen

Tumor-associated (TA) MUCL is a glycopeptide and diagnostic marker for different epithelial malignancies like
mammary carcinoma, prostate, pancreatic or lung cancer. Besides its overexpression on tumor tissue, aberrant

ion due to dysregulation of gl is observed. This leads to truncated short glycan side chains
resulting in the collapse of the peptide backbone. As a consequence of the defect glycan-shielding the peptide

structure can be accessed and recognized by immune cells.

Triazine branched i based
tetr I) or mannose i

direct supramolecular polymerization into anisotropic particles up to
300 nm in length.? The structures are characterized via

CD-spectroscopy and TEM.
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Ygo functionalized monomers via bioorthogonal copper catalyzed alkyne-azide click- %E —_—
chemistry. Mixing functional and structural monomers allows facile introduction of Eh‘ 5000
i i active such as il ic epitopes, stil or dyes into
self-assembled structures.
.
0

T+B-cellepitope T+ B-cellepitope T+ B-cell epitope T+ B-cell epitope
attached to supramol.  not attached +TLR7/8 ligand + TLR7/8 ligand
polymer attached to supramol.  not attached
polymer

Co-Polymerization { A\
with structural
monomers Y

Five C57BL/6 mice were immunized with a vaccine comprising MUC1 B-cell epitope!, Ttox p30 Th-cell epitope and
TLR7/8 ligand decorated FM- together with SM+. After 3 boosts the sera were collected from the tail vein of the mice
and analyzed for antibodies directed against TA MUC1. We found robust titers of all antibody classes whereas 1gG
memory-related type was dominating. Furthermore a significant level IgG2c antibodies was detected. The latter are
capable to induce antibody cell It icity (ADCC) due to the recruitment of NKs, Ms and DCs
via Fc of the cor ing il in. The ication of unbound epitopes resulted in significantly lower 1gG
titers demonstrating the power of the supramolecular approach.
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Strategies for producing clinical and commercial RNA-LNP drug products
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Precision NanoSystems, Vancouver, BC, Canada
info@precision-nano.com

Objectives

o The promise of messenger RNA (mRNA) lipid nanoparticle (LNP) therapies include prophylactic,
rare disease, and oncology applications.

o However, encapsulation of mRNA drug substances by lipids is among the most difficult unit
operation to bring to commercial-scales.

o

In this work, we aim to demonstrate that the NanoAssemblr® commercial formulation system and
NxGen™ commercial cartridge 48 L/h simplify this unit operation.

mMRNA NxGen Mixing
SN
mMRNA-LNP
Lipids
s 57 - @@%
plr &

Figure 1. NanoAssemblr commercial formulation system (left) and NxGen microfluidic mixing system
(right)

Methods and Results

Show scalability from
pre-clinical to
clincal/commercial

Demonstrate consistent
mixing

Prepare consistent RNA-LNP
drug products at all scales

The quality of mixing in the
NxGen series of mixers was
probed by formulating
POPC:Chol liposomes at a
range of flow rates

Flow rates for saRNA-LNP

production were stepwise

increased by an order of
magnitude

Increasingly large batches of
plasmid DNA-LNPs were
prepared with NxGen mixers

Nanoparticle synthesis and purification:
POPC(1-palmitoyl-2-oleoyl-glycero-3-phosphocholine):Chol liposomes were prepared at a range of
flow rates on NxGen mixers. Green fluorescent protein (GFP) plasmid DNA (pDNA) LNPs or
self-amplifying mRNA (saRNA)-LNPs were prepared using NanoAssemblr® instruments and
NxGen™ mixers. Specific formulation conditions are noted in the tables right and below.

RNA-LNP characterization and in vitro activity: RNA-LNP size and polydisersity index (PDI)
were determined using DLS (Malvern Zetasizer Ultra). The encapsulation efficiency (EE%) of the
RNA was determined using Ribogreen™ reagent.

1In vitro and in vivo expression and immunogenicity: In vitro potency was assessed with a
kinase deficient baby hamster kidney cell (BHK 570) cell model. To determine the immunogenicity
of the saRNA-LNPs, female BALB/c mice (n=5) were immunized by IM injection on day 0 with
LNPs encapsulating 1ug nCoV saRNA and boosted at day 28. IgG levels in serum on day 21 and
day 42 were measured by ELISA.

Total flow | Batch volume | KA
Condition  NanoAssemblr® system | NxGen mixer cartridge Encapsulated
rate [L/h] | [mL] e
1 Ignite+ NxGen 072 30 11
2 Ignite+ NxGen 500 69 30 11
3 Ignite+ NxGen 500 12 30 11

C NxGen cartridge 12
M (R0 R

Table 1. saRNA-LNP formulation conditions

1. NxGen Mixing Architecture Ensures Consistent Particles Across a Wide
Range of Flow Rates
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3. Critical Quality Attributes of saRNA-LNPs Are Consistent Across
NanoAssemblr Systems

A B
10 = 100 p—)—
T % o N z 0]~ &,
E 5 £ &
v Y 40
» 25 » 20
0
03 o
ns —
s . o —
) H = .
] H
g o1 g o1
00 .
ez 110 1 o,
88 5 Dom—
&£ 5% [ ——
32 10 . s . 55110 .
g 0 ag R
& 5% %
v 80

Ignite+  Blaze Commercial Modular
formulation commercial NxGen NxGen NxGen
ation 500 commercial
d cartridge 48 L/h
Instrument. Cartridge

System  formul
ski

Figure 4. Physicochemical characterization of saRNA-LNPs prepared using NxGen Technology
A) Size, PDI, and encapsulation efficiency as a function of instrument system used to prepare the
saRNA-LNP. B) Size, PDI and encapsulation efficiency as a function of NxGen mixer cartridge.
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Figure 2. Controlled mixing using NxGen technology

Controlled mixing using NxGen technology allows for production of limit-size nanoparticles across a
wide range of flow rates. A) computational fluid dynamic modeling with water and ethanol. B) Dye
studies using the NxGen commercial cartridge 48 L/h. C) POPC:Chol liposome formation. The size of
POPC:Chol liposomes prepared using the NxGen, NxGen 500, and NxGen commercial cartridge 48 L/h
at a range of flow rates
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4. Commercial Scale saRNA-LNPs Are Biologically Potent In Vitro and In Vivo
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Figure 5. Expression of SARS-CoV-2 antigen and immune response
for saRNA-LNPs prepared using NxGen technology
A) Percentage of cells expressing SARS-CoV-2 spike protein in BHK
570 cells as a function of saRNA dose for each system and mixer
condition with 95% confidence intervals in shaded areas. B) EC50
[] } { values plotted as functions of system. Error bars are 95% confidence
intervals. C) SARS-CoV-2 specific IgG response in serum from BALB/c
“mim Slave Commercal Modular mice at day 21 and 42 post-injection for each condition. Error bars
formulation commercial - @re 1 standard deviation. 1X PBS versus instrument comparison
systemformuation 15 value for a given time point using post-hoc Tukey test after
System one-way ANOVA (P<.05: *, P<.01: **, P<.001: ***, P<,0001: ****),
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Conclusion

o

Critical quality attributes of the saRNA-LNPs were maintained across all scales and flow rates for
all analytical readouts.

o The NxGen commercial cartridge 48 L/h and NanoAssemblr commercial formulation system
provide a scalable solution for production of RNA-LNP drug products under cGMP conditions.
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ABSTRACT

The major challenge of nanocarrier-based anti-cancer vaccination
approaches is the targeted delivery of antigens and
immunostimulatory agents to cells of interest, such as specific
subtypes of dendritic cells (DCs), in order to induce robust antigen-
specific anti-tumor responses. An undirected cell and body
distribution of nanocarriers can lead to unwanted delivery to other
immune cell types like macrophages, reducing the vaccine efficacy. An
often-used approach to overcome this issue is the surface
functionalization of nanocarriers with targeting moieties, such as
antibodies, mediating cell type-specific interaction. Numerous studies
could successfully prove the targeting efficiency of antibody-
conjugated carrier systems in vitro, however, most of them failed when

SITE-SPECIFIC MODIFICATION OF NANOCARRIERS

Strain promoted azide-alkyne click reaction attaches modified antibody to

_nanocarriers.
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IN VITRO CELL UPTAKE OF THE MODIFIED CARRIERS
Dendritic cell uptake of CD11c- and IgG-modified nanocarriers with and
without protein corona.
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CONCLUSION

DC-targeting antibodies were successfully conjugated to magnetic
nanocarriers in a site-specific manner, which is essential in order to avoid
unspecific uptake by non-target cells while achieving a specific targeting of
DC subsets. Proteomic analysis of the protein corona formed on the
carriers during in vitro and in vivo incubation revealed major differences
in composition, explaining the discrepancies in the targeting efficiency. The
biomolecular protein corona did not prevent the binding towards cell
surface receptors on CD11c* cells both in vitro and in vivo. An in vivo
biodistribution assay revealed CD11c and Clec9a to be excellent candidates
for DC targeting, with anti-Clec9a exhibiting a specific targeting towards
cDC1 and pDCs. Consequently, this novel conjugation technique paves the
way for the development of antibody-functionalized nanocarriers for DC-
based vaccination approaches in the field of cancer immunotherapy.

targeting DCs in vivo, which is partly due to cells of the
reticuloendothelial system unspecifically clearing nanocarriers from
the blood stream via Fc receptor ligation.

Therefore, we developed a surface functionalization strategy that site-
specifically attaches antibodies in an orientated direction onto the
nanocarrier surface. Different DC-targeting antibodies, such as anti-
CD11c, anti-CLEC9A, anti-DEC205 and anti-XCR1, were conjugated to
the nanocarrier surface at their Fc regions. Anti-mouse CD11c
antibody-conjugated nanocarriers specifically accumulated in the
targeted organ (spleen) over time. Additionally, antibodies against
CD11c and CLEC9A proved to specifically direct nanocarriers to the
targeted DC subtype, conventional DCs type 1.

IN VIVO PROTEIN CORONA

Proteomic analysis of the protein corona on the modified nanocarriers,
prepared in vitro and in vivo.
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in targeting efficiency.

IN VIVO BIODISTRIBUTION OF THE MODIFIED CARRIERS

Uptake of anti-CD11c, -Clec9a, -XCR1 and -DEC205, as well as isotype
(IlgG) functionalized nanocarriers in splenocytes (isolated from the
spleen 24h after injection in mice).
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Introduction: Polyelectrolytes have been getting increasing attention for their potential applications for drug and RNA delivery since they are able to
increase cellular uptake and also to achieve endosomal escape. Furthermore, polyelectrolytes exhibit various reactive groups that provide the
opportunity for further modification whit targeting agents™2.

Polyaspartamide (PASP) based polyelectrolytes (PEs) are biocompatible and biodegradable polymers derived from polysuccinimide (PSI). Due to the
high reactivity of the PSI, PASP-PEs can be modified with different biologically active molecules such as drugs or targeting agents (RGD tripeptide).
Due to these features, the number of biomedical applications of PASP-PEs has increased significantly in the last decade 2.

In this present research, we aimed to coat silica nanoparticles (SiNP) with different PASP-PEs and investigate the effect of the coating on cell viability
and uptake of Hela cells.

Synthesis, nanoparticle coating, and characterization
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ABSTRACT

Nanocapsules enable multicomponent encapsulation of therapeutic cargoes with high encapsulation content and efficiency, which is vital for cancer immunotherapy. In the past,
complex chemical processes such as crosslinking has been used to synthesize nanocapsules, which can impede the regulatory approval process. Therefore, we developed a
new class of protein nanocapsules by eliminating the need for chemical cross-linking by utilizing protein denaturation. A model antigen, Ovalbumin was incorporated in to the
protein shell and two adjuvants, Toll-like receptor 7 (TLR7/8) agonist R848 and STING agonist diABZI were encapsulated in the protein nanocapsules. The studies on cytokine
secretion by bone marrow derived dendritic cells (BMDCs) treated with adjuvant-loaded protein nanocapsules showed the synergistic activity of the adjuvants to enhance the
immune response. Because there is no complex reactions or reagents involved in the synthesis, we anticipate an easier clinical translation of these nanocarriers compared to
others.

PREPARATION OF PROTEIN NANOCAPSULES (PNC) SCHEMATIC ILLUSTRATION: MECHANISM
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Dendritic cell

BN < Encapsulated single or combined adjuvants were released from PNC and upregulate
the cytokines' secretion.

] RESULTS

A Characterization of PNC Cytokine secretion in BMDCs
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A) lllustration showing the synthesis of Hb NC and Ker NC, the incorporation of the
antigen Ovalbumin to obtain Hb-OVA NC and Ker-OVA NC. B) Dynamic light
scattering (DLS) and scanning electron microscopy (SEM) characterisation of the NC.
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BMDC uptake and cytotoxicity of PNC

A BMDC uptake B Cytotoxicity

1004 FEEH T8y PNC A) uptake experiment and

& d - B) cytotoxicity experiment was
performed on BMDCs with two
different concentrations (10 and
100 pg/mL) for 24 hours (mean
+ SD; n=3).

Evaluation of the efficacy of adjuvants loaded Hb NC and Hb-OVA NC in inducing

cytokine secretion by bone marrow-derived dendritic cells (BMDCs). To achieve this,

BMDCs were exposed to varying concentrations (0.1, 0.3, 1, 3, 10, 30, 100 pg/mL),

Cone i) soluble R848 (sR848, 600 ng/mL), soluble diABZI (sdiABZI, 1.1 pg/mL), or LPS (100
- ol Conc. (ug/mL) ng/mL) for 24 hours.A) Hb NC and B) Hb-OVA NC C) Ker NC and D) Ker-OVA NC.
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SUMMARY AND CONCLUSIONS

« Protein nanocapsules (PNC) were synthesized from abundantly available proteins without any modifications or chemical reactions.

< PNC shell was formed by interfacial denaturation of proteins, which was also enhanced by thermal denaturation.

« PNCs exhibited excellent uptake in BMDCs while inducing only minute levels of cytotoxicity.

« Expression of TNF-a and IFN-B was significantly higher in all PNC loaded with both R484 and diABZI as compared to PNC loaded with single adjuvants.

« Dual adjuvant encapsulated PNC showed their capacity to enhance the immune response and opens up new possibilities in the field of nanomedicine.
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E Background Liposome characteristics
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Staphylococci are pathogens 3 § %, %_ L g DSPC
associated  with  many  clinical o, DDC- E '«%.. Vel
infections, e.g., surgical site infections. & o + - - ad @ # Cholesterol
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e Surgical site infections frequently lead é £ é 3 % . cu?*
to clinical complications and higher . A
mortality . More effective anti- Cu**-liposomes Cu(DDC),-liposomes
bacterial strategies are needed. d,=104£8nm d, =168+ 12 nm
PDI=0.05+0.01 PDI=0.14+0.02

The antibacterial activity of copper-
diethyldithiocarbamate Cu(DDC), in
combination with copper ions (Cu?*) is
limited by the poor water solubility of

In vitro antibiofilm activity

1209 o o
Cu(DDC),2!. X
o g < 100 &
e Investigation of the repurposed E_s_, b|d 0|9 7 Untreated control
Cu(DDC),-liposomes B! in combination g2 801 B % diposomes
with Cu?*-liposomes or free Cu?* Eé 604 EE Cu(DDC),-liposomes
against staphylococci biofilms. § -§ B9 Cu(DDC)liposomes + Cu?*-liposomes
E g 40 B Cy(DDC),-liposomes + free Cu?*
MethOdS ;9; 2 204 P— 3 Free Cu(DDC), + Cu?*
Determine the hydrodynamic diameter
(dy) and the polydispersity index (PDI) MRSA S. epidermidis
of Cu?-liposomes and Cu(DDC),- Only Cu(DDC),-liposomes + free Cu?* and free Cu(DDC), + Cu?* significantly reduced biofilm
liposomes using ZetaPals. viability by at least 90 % in MRSA biofilms and 80 % in S. epidermidis biofilms (p < 0.001)
* Determine in vitro antibiofilm activity
against methicillin-resistant S. aureus .
(MRSA) and S. epidermidis using the Ga”e”a me”one”a Iarvae
alamarBlue cell viability assay (1-way Toxicity Efficacy
ANOVA).
100p-———¢-—o 100
e Survival of uninfected and S. g B ']ns g
epidermidis-infected Galleria mellonella S 80+ 1 = 80
larvae over 4 days: determine toxicity % g
and efficacy of the liposomes. Control = @ 907 untreated control & 607 N
0.9% NaCl. 30 larvae/group. Statistical k3 -e- vehicle control 5 Xl *
analysis: log-rank test with Holm- g’ 40 -v- Cuz*-liposomes f 40+
Bonferroni adjustment of Kaplan-Meier 2 ~4- Cu(DDC)yliposomes 5
\ survival curves. S 20 = Cu(DDC),-liposomes + Cu®*-liposomes g 207
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Days Days

*" Cu(DDC), are bigger than Cu2*-liposomes Living larvae Dead larvae:

uninfected: all treatments > 80% survival
(ns = not significant)

S. epidermidis-infected: 70% (21/30
larvae) and 77 % survival (23/30 larvae)
when treated with Cu(DDC),-liposomes +
Cu?*-liposomes or Cu(DDC),-liposomes +
free Cu?*, respectively.

S. epidermidis-
infected: < 40% survival
rate when untreated or
treated with Cu(DDC),-
liposomes or Cu?*-
liposomes (8/30, 9/30,
11/30 larvae survived,
respectively).

* Cu(DDC),-liposomes + Cu?*-liposomes
did not reduce biofilm viability in vitro
but showed efficacy in vivo.

* Cu(DDC),-liposomes + free Cu?* showed
antibacterial activity in vitro and in vivo.

\ * All treatments were non-toxic in vivo.
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(Introduction. Conventional nanomedicine development relies on  Methods. The internal architecture and the tolerance of the microfluidic chips to diﬂerent\
top-down approaches, i.e.,, manufacturing of one specific organic solvents, used for NP manufacturing, were evaluated via computed tomography
nanoparticle (NP) for one application. In this study, we designed an ~ (CT). Four different nanoparticles were included in the library: liposomes, lipid
experimental framework for the bottom-up production of nanoparticles (LNP), polymersomes, and oil-in-water nanoemulsions. The composition
nanomedicine libraries, utilizing in-house 3D-printed microfluidics.  and properties of each library were defined via a Design-of-Experiment (DoE) based on
Implementation of such concept can allow for (i) understanding the ~ Box-Behnken Design (BBD), followed by their physicochemical characterization. The
nanomaterial behavior at different conditions and compositions, and  cytocompatibility was assessed by apoptosis assay, and cell uptake of the formulations
(ii) readily picking the most suitable nanoformulation for a given = was studied in hematological malignancies representative cell lines (K562, THP.1,
application. MM.1S, and 32D) through FACS analysis (Fig. 1).
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Box-Behnken design Nanomedicine production with microfluidic chips Physicochemical properties In vitro study
k Figure 1. Study design: (i) design of experiment, (ii) nanoparticle preparation, (iii) characterization, (iv) modeling, (v) in vitro study j
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Figure 2. CT imaging verified the compatibility of the polypropylene-made Figure 3. Size and dispersity variations were dependent on the selected
chips with PBS, ethanol, methanol, chloroform, and tetrahydrofuran. manufacturing parameters in 15 individually made NP (n=3).
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500 20 0 THP.1 I z
£ i b 80 o
| ™ +
= i [ ® & 60 o
o P — E 2 10 2
) ' 80y 8 20 ﬂ ﬂ 2
g
g = olalll alll e E
% 20 Q% Q2 N QP Q°
Cone LRV AEC RS \§2
100
500 - 035 0.35° z
i | . . _ 80 T
o ‘ IS} - 60 (@]
= ! o T 40 o
04" zZ == "
. 45 ~
20 =
[y ” [ 0 ~
2 30 2 30 i ‘5 QP QP P
e 1 g Cone *® Cone A SN
Figure 4. Subsequent modeling revealed the contribution and significance Figure 5. The cell uptake of the nanoformulations was influenced by the size
of each parameter [concentration (mM), total flow rate (TFR; ml/min), flow of the formulations. Nanoparticles within the optimal size range demonstrated
k rate ratio (FRR)] in the characteristics of the final product. significantly higher uptake compared to the larger nanoparticles J
(" Conclusions )

v' By utilizing a bottom-up manufacturing strategy, we achieved the rapid and versatile production of nanoparticle libraries in a reproducible and controllable manner.

v’ By utilizing mathematical modeling, we were able to predict nanoformulations properties

\_ v’ By in vitro study, it becomes apparent that there exists a notable variability in the NP uptake. )
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. L 4) Optimization of freezing conditions
» Flash NanoPrecipitation (FNP), a scalable nanoprecipitation
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Design space: 35 = 243 formulations.
DOE approach: 26 formulations 1. Chen et al., Influence of particle size on the in vivo potency of lipid
nanoparticle formulations of siRNA. J Control Release 2016, 235, 236-244.
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We present a method for a highly reproducible preparation of a novel type of liposomes, small multilamellar vesicles (SMVs), which are in a size range of about
150 nm and are filled with membranes. The preparation of SMVs was achieved by in-vial homogenization of highly concentrated lipid/buffer mixtures by Dual
Centrifugation (DC). This innovative liposome preparation technique is based on an additional rotation of the sample vial around its own axis during
conventional centrifugation, which results in strong sample movements and thus efficient homogenization.

Liposome sizes, size distributions (PDI) as well as liposome morphology strongly depends on the viscosity of the lipid/buffer mixture and thus on the lipid
concentration (m/V) during DC-homogenization. At optimal lipid concentration, which depends on the lipid composition used for DC-homogenisation (about 50
—70%), predominantly small multilamellar vesicles (SMVs) are formed. SMVs are easily accessible by DC and appear to be a promising carrier for the delivery of
lipophilic drugs.

Dual Centrifugation Morphology of DC-prepared liposomes

* Liposome
morphology
strongly
depends on the
lipid
concentration
during DC
homogenization

secondary
rotation

primary
rotation

*  Predominantly
SMVs are
formed at 60%
lipid
concentration
for  HEPC/Chol

55/45 mol%

liposomes

Dual Centrifuge (DC) DC rotor Centrifuge insert for 2 mL sample vials
ZentriMix 380 R (horizontal vial positioning)

1) Secondary rotation leads to strong sample movements Scale bar: 50 nm
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Take-home message

Centrifugal
acceleration

Sideward acceleration

oy I“‘ Highimpmeven,sjﬁ g . !)ual Centr.ifugation is a highly efficient method for liposome preparation
(,@,;o% - . in closed vials
o2, v | g:¢
" *2rbeads [ samvlematerial [ ] zmtval * The lipid concentration during DC-homogenization strongly influences the

resulting liposome morphology

3) Large number of gentle homogenization events (about 50.000 times for a § . small multilamellar vesicles (SMVs) are easily accessible through DC and
typical 30 min DC-homogenization at 2500 rpm) appear as promising carriers for lipophilic drugs in the clinic

Liposomes prepared by DC show much less lipid degradation substances in comparison to high-
pressure homogenization. SMVs are even more stable during preparation than unilamellar vesicles

> = d
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STRUCTURE AND PROPERTIES
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Fig. 1 (left): Schematic depiction of pH- -l’rrr\o/"\\ 4 - \D/NH' . ] Fig. 1 (right): Schematic depiction of pH-
responsive lipid-based nanotransporter ) ) responsive lipid-based nanotransporter
structure at neutral pH conditions and CPA-PEGZOI CPA Py structure at mildly acidic conditions and
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Background

.+ o Positron emission tomography (PET)
enables the noninvasive tracking of
labelled nanoparticles, allowing real-
time analysis of their in vivo
distribution and pharmacokinetics.

55°C e Traditionally, metallic radionuclides
-~ have been introduced in the
liposome’s core or via surface
@ diolabelli i hel
Hincaiie radiolabelling using chelators to
posom ensure in vivo stability. However, these
formulation

methods are not automated and
achieving sufficient radioactivity levels
remains challenging.

reactor B reactor A e Fluorine-18 can be introduced onto

lipid derivatives through a copper-

catalyzed click chemistry approach via

T T copper-catalyzed alkyne-azide

cycloaddition (CuAAc) or copper-free

@ N approaches with fluorine-18 labelled
- ~ azide.

&

It # R Pl ° Radiolabeled liposomes functionalized

i e or not with mApoE and MMP cleavable

[18Ffluoroazide Formutation peptides were evaluated in a mouse

synthesis @ model of GBM based on the

intraparenchimal inoculation of an
established cell line GIliI36AEGFR-2

Figure 1. Scheme of the approach. From liposome N
cells known to be resistant to TMZ.

formulation preparation to the final in vivo biodistribution
evaluation and PET imaging.

Rational and Aim

Liposomes were functionalised with a peptide derived from the receptor-binding
domain of the apolipoprotein E (mApoE), useful to promote the blood-brain
barrier (BBB) crossing, and with an MMP-sensitive lipopeptide (MSLP) for an
MMP-triggered drug release [1].

An automated liposome surface radiolabelling was performed both via CuAAC
and copper-free cycloaddition, using a fluorine-18 labelled azide, on alkyne-
DOPE constructs embedded in liposomes. -

Results NN PN A N

3

i

Radiosynthesis was entirely
automated on a radiosynthesis “h
system, from cyclotron-
produced fluorine-18 to the
final ['8F]-Lip product.

High radiochemical purity and
suitable yields (from 5 to 10% D e
according to the cycloaddition
approach) were obtained with
['8F]-Lip endowed with a
hydrodynamic  size smaller
than 200 nm, low-medium 8
dispersity, and negative (- L
potential. n
The intracranial and systemic
biodistribution of radiolabeled
liposomes functionalized or not

m,-DOPE ["FIC-Lip

b, N W

!

with mApoE and MMP cleavable L oo~
peptides has been evaluated with

PET/CT up to four hours post

injection (n=4) (Figure 4A-D). @ m.0oPE ("*FD-Lip

Figure 2. Scheme of CuAAC and copper-free reaction for [F]C-Lip radiolabelling.
Reaction and conditions for CuAAc: (a) [18F]KF, kryptofix 2.2.2, ACN min,
100°C, (35%); (by) mA-Lip, CuS04-5H20, ascorbic acid, water, 20 min, rt, ( 76%).
Reaction conditions for copper-free (b, [18FIKF, kryptofix 2.2.2, ACN, 20 min,
100°C, ( 35%). b) mCA-Lip, water, 30 min, 40 or 50°C, ( 40%).

Ps e R ® ® Table 1. i of liposome {
o ° in the steps before and after radiosynthesis for the m,-Lip and
dual-functionalised mca-Lip liposome formulation after
» 13 o1 radiosynthesis.
= atter radiolabelling.
con ,& POl Tt | B0 Tpot ™
™t [HFIGLp 120621 011410003 <422 | 12522 0133002 50
o e o koSG mArE [FIDlp 19:1 01222002 36£1| 1284016 012550017 3321
[FEUp 145247 02032001 27%2 | 16422 01912002 3222

e

(@ nm, determined by DLS; () mV.

N Figure 3. Scheme of CuAAC and copper-free reaction

2, and the final of dual-ft

ron . iposomes.

e On the same animals we performed also PET with ['8F]FLT to identify the
area within the tumor with the highest cell proliferation.

e Tumor uptake of ['F]D-Lip was similar to functionalized ['8F]E-Lip,
interestingly the functionalization appears to prevent uptake into the
contralateral healthy tissue (Figure 4E-F).
suv 10 60 120 210 T2w MRI

210

1h
time (min) ["*F)FLT

o @ 1 150 o “ 1 150

time (min) time (min)

Figure 4. PET imaging. PET images of ['®F]D-Lip (a) and ['®F]E-Lip (b). Representative T2w MRI image (c). PET images of
['8F]FLT (d). The white line indicates the tumor area, depicted on MRI and transferred to PET images. ['8F]FLT PET imaging
was used as a radiotracer clinical standard on orthotopic glioma model obtained with GII36AEGFR cells. Tumour uptake
quantification of ['8F]D- Lip (e) and ['®F]E-Lip (f). Data are expressed as SUV mean.

Table 2. Biodistribution. Radioactivity concentration expressed as standard uptake values (SUV) mean.

Tissue, SUV ['*F]D-Lip ["*FIE-Lip

10 60" 120" 180" 10’ 60" 120" 180"
Lung 0.77:0.08 0.4:009  035:0.11 051004 |0.35:0.06 0.31:0.04  0.29:0.05 0.26£0.04
Kidney 0.94:0.26 0.5:0.11 0.43:017  0.62:021 |0.34:0.12 0.33:0.16  0.42:0.22 0.1840.09
Heart 1:0.16 0.54:0.06  0.44:0.07  0.76:0.13 |0.39:0.06 0.33:0.02  0.27:0.004 0.2:0.5
Liver 667105  3.76:0.3"  3.03:0.6" 4.87:0.75" | 3.08:0.7 2641044  2.17:0.66 216405
Muscle 0.26:0.08  0.26:0.07  0.22:0.08 0.33:0.04 | 0.1:0.02  0.11:0.01 0.09:0.02 0.1:0.02
Bone 0941028  1.23:0.2*  0.88:0.15 1.62:0.66 | 07:0.09  1.01:0.2 0.99:0.05 1.02:0.21
Spleen 3.69+1.7* 1.93:0.96 1.44:048  2.18:0.75 |1.62:0.28 1.6210.26 1.59:0.35 1.46:0.3
Intestine 531104"  531102"  4.62:0.8" 4.06:1.58" | 2081017  2.81:0.1 3.65:0.57 1.46:0.23

*p<0.05, **p<0.001; 2-way ANOVA Bonferroni’s multiple comparison test (['F]E-Lip).

The uptake of non derivatized nanoparticle was higher and the wash-out rate
lower than that of ['8F]E-Lip particularly in liver, intestine and spleen.

Data indicate a general fast clearance rate of nanoparticles from peripheral
organs and a lower uptake in presence of the peptides on liposome’s
surface.

Final remarks

The high throughput radiolabelling of liposomes is
most likely of interest to researchers working in the
nanomedicine field due to the fluorine-18-labelled liposomes performance in
visualising unhealthy tissues/areas such as glioblastoma, thus obtaining, for
instance, short-term pharmacokinetics in vivo.

Furthermore, access to an imaging tool with high performance is vital to support
preclinical and future clinical phases for the development of nanoparticle-based
products.

Funding FRRB grant NEVERMIND (CP2_16/2018).
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Soluble Drugs to Inflamed Brain Regions. Pharmaceutics. 2022;14:2402. doi: 10.3390/pharmaceutics14112402.
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Urease-liposomes
Urease encpasulated
within liposomes.

Urea, present in cells, is
catalyzed into ammonia
and CO,.

Ammonia increses the
pH of the solution.
Effective pH-modulator,
while urease is protected
from degradation.

.

TAM Repolarization
* Immunosuppressive
tumor-associated
M2 macrophages
(TAM) play a critical
role in the tumor
microenvironment.
Reprogramming M2
Macrophages: Shift M2 macrophage
from immunosup- time g
pressive M2 state to

pro-inflammatory M1 state.

A pH Increase as Reprogramming Trigger:
Elevating pH levels triggers M2 to M1 transition in
macrophages.

Activated macrophages stimulate innate
immune response against tumor cells.

t

M1 macrophage

_pH in tumor
microenvironmen

pH-Modulation Mechanism

9.5
100 mM urea
9.0
8.5
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5 75}
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— Urease-liposomes,
6.5 no Triton X-100 ]
3 = Urease-liposomes, ]
6.0 1% Triton X-100
5'50 3 6 9 12 15 18 21 24
time (h)

Liposomes are permeable to urea

« Comparison between urease-liposomes and urease
released from liposomes using Triton X-100 reveals
that the liposome’s membrane is permeable to urea.

« This permeability obviates the requirement for an
additional release mechanism.

« Simultaneously, the encapsulated urease remains
safeguarded from degradation.
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Liposome Formulation
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== Urease-Liposomes ]
Dh= 191+ 21 nm
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— > [
dual asymmetric centrifugation E 401
g
§ 20
{J PCR tube
aqueous phase Liposome  formation using dual 0 (')0
® lipids asymmetric centrifugagion provides
%+ payload high encapsulation effciency of up to

) 50%, a small volume of cargo solution, fast and hi
ceramic beads

300 400
Dy, (nm)

200 500

gh sample preparation.

Macrophage Repolarization Experiments

Please check out
Barbara Graefen’s Poster

Reprogramming Outlook
tumor-associated
macrophages (TAMs)
from anti-inflammatory
M2 to pro-inflammatory
M1 state through pH
increase for microenvi-
ronment modulation
and immune activa-
tion.

» Repolarizing M2 macrophages by pH-modu-
lation using urease-liposomes.

+ Surface funtionalization of urease-liposomes
with GARP antibodies.

pH-Modulation of Buffers
95

100 mM urea

= Urease-liposomes
— control (100% encaps.)

9.0

8.5

8.0

I

» pH elevation from 6.1 to 8.7 achieved within 24 hours = 75

at room temperature. 7.0

» pH 6.1, representative of solid tumor pH, serves as a 6.5

suitable starting point for the experiment. 6.0
* Rapid pl_—| increase_highlights the_ efficiency of 55 .
urease-liposomes in pH modulation. 0 3

6 9 12 15 18 21 24
time (h)

pH-Modulation of Cell Media

9.0
==TM10, 1 mM urea, 37 °C
8.5¢ TM10, 1 mM urea, r. t.
sof 1 mM urea, 37 °C TM10, 1 mM urea, no urease
7.5 — X-Vivo, 1 mM urea, 37 °C
IQ == X-Vivo, 1 mM urea, r. t.

7.0 1 mM urea, r.t. X-Vivo, 1 mM urea, no urease

6.5

6.0 no urease

» The rate of pH increase
at 37 °C is approximately
4 times faster than at
room temperature.

+ Control: The pH remains
constant in the absence
of urease-liposomes.

5.5

0 5 10 15 20 25 30 35 40 45 50
time (h)

Urease-liposomes effectively modulate the pH of cell
culture media to a favourable physiological pH.
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Introduction

Micelleplex transition and structure

Respiratory diseases are a leading cause of death worldwide.
Especially viral infection is a considerable health risk as shown
by the emergence of SARS-CoV-19 but also asthma, COPD or
lung cancer pose big challenges.

RNA interference has the potential to tackle all of these
diseases. However, to be most efficient RNA molecules need to
be directly delivered to the lungs. Nebulization is a widely
accepted method for the gentle delivery of solutions to the
lungs. Unfortunately, the integrity of most RNA delivery systems
Is heavily impacted by nebulization.

In this work, we utilize poly(beta-amino ester)s (PBAE) as a
tunable and easily synthesizable delivery agent [1] and PEl as a
well-characterized comparison. We investigate the impact of the
transition from polyplexes (PEl) to micelleplexes (PBAE) during

The applied PBAE (A) had a polycationic subunit (red) consisting of spermine, a naturally occurring and non-toxic polyamine and a
hydrophobic oleylamine (OA) subunit (brown) which's proportions could be freely varied. By using a high ratio of hydrophobic subunits

nebulization. (75% OA) it was expected that the resulting nanoparticles would show a classical micellular structure with a hydrophobic core and an outer
hydrophilic shell encapsulating the siRNA. Interestingly, molecular dynamics simulations (B) predicted the siRNA encapsulated into small
f*iikj micelles surrounded by our polymer that aggregated into larger structures with a homogenous siRNA distribution throughout the entire
\\é:‘;‘ micelleplexe. A thin layer of free cationic spermine was oriented to the outside. Transmission electron microscopy (C) confirmed spherical
- e monodisperse nanoparticles could be formed with the 75% OA polymer
yples cellex
Nebulizer Characteristics
b% 30% 75%

We characterize and structure of our

investigate the
nanoparticles with numerous methods, including transition
electron microscopy (TEM), molecular dynamics simulations
(MD), nano tracking analysis (NTA) and dynamic light scattering
(DLS). We utilize two of the most commonly used nebulizers and
show their impact on the integrity of our nanoparticle systems.

-
121

Pari cFlow 35+/-12

Nebulization | Residual To compare the effects of the nebulizers, we initially assessed their key performance
metrics. The Pari eFlow exhibited higher energy input, leading to faster nebulization

but with a drawback of increased product loss. Additionally, the residual volume was
L= thatl, shown to have a cooling effect. In contrast, the Aerogen Pro had lower energy input,
resulting in longer nebulization times, but it effectively nebulized the entire sample

18+/-6 029 b . N "
due to its design, with no residual volume

Aerogen Pro

We further evaluate the in-vitro performance of the most stable
formulations and the impact of nebulization.

Nebulization stability Nebulization stability
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Particle preparation and characterization g 1o ot Em % 20 S
Particles were prepared by batch mixing. Briefly, siRNA solution in g = N S % X
10 mM Hepes at pH 5,4 was added to PBAE/PEI dissolved in the F T N 00715 N o b e e b E 10 3
same buffer by pipetting up and down 30 times at constant Q@"«zﬁq‘“ y‘qf@“ y"«‘}‘“ y‘%*‘;@“ o\\m““q*‘df Q\\‘»‘b«z“;@“ v\‘\\‘v'Q:@@ ‘y q':‘,,ev&@'a';‘,c? g E
speed. PBAE/PEI solutions were prepared in a concentration IR O O R S U R A A g o 0o &
: ’ o o S & & & & & ¢ 5 _— — —
based on a ratio of protonated amines to phosphate groups of N ¥ A ¥ F F E) PEI 30%0A  75%OA
the siRNA backbone (N/P ratio) of 10. After mixing, solutions Our findings indicate that PEI Polyplexes remained stable when nebulized with all three
were incubated at room temperature for 90 minutes for nebulizers (A, B, C) (light green). Pari eFlow Rapid had a slight impact on transition state || The NTA results highlighted our
micelleplexes and 30 minutes for polyplexes. micelleplexes (green), while the Aerogen Pro had minimal impact, suggesting higher || previous findings. Especially the
Nebulization stability nebulization energies affect the transition state more. The micelleplexes (dark green) were || lower  concentration indicates
The i ¢ of nebulizati determined b lecti unaffected by Pari eFlow Rapid but significantly impacted by the Aerogen Pro, possibly due to || aggregation
e Impact of nebulization was determined Dby recollecting their higher susceptibility to temperature increases during nebulization.

aerosol produced with an eFlow® Rapid (Pari, Starnberg,
Germany) or an Aerogen Pro (Aerogen, Ratingen, Germany)
vibrating mesh nebulizer with freshly prepared particle solution.
Hydrodynamic diameter, polydispersity index (PDI) and Zeta
potential were determined using a Zetasizer Ultra (Malvern
Instruments Inc,, Malvern, UK). Hydrodynamic diameter, particle
dispersity and concentration were determined with a Nanosight
3000 NTA (Malvern Instruments Inc., Malvern, UK).

RNA encapsulation and loss assay

RNA encapsulation efficiency was determined using SYBR Gold
dye with free siRNA as a reference and a plate reader (Tecan,
Ménnedorf, Switzerland). To evaluate potential losses of RNA
through nebulization, nebulized and non-nebulized nanoparticles
were treated with Heparin and Triton-X to disrupt the
nanoparticle structure. Afterwards, they were incubated with
SYBR Gold to quantify the released siRNA.

Molecular dynamics

Molecular Dynamics simulations were run in Gromacs 20214
applying the Martini 3 force field. Polymers were newly
parametrized based on an All-Atom model

Gene Knockdown

Knockdown experiments were conducted with H1299 stably
expressing the enhanced green fluorescence protein. As
nebulized formulations, only the most stable were tested
meaning the Aerogen nebulizer for the 30% OA transition state
micelleplex and the Pari eFlow rapid with the 75% OA micelleplex.

RNA loss assay
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Heparin alone was not sufficient to release the encapsulated
siRNA for the micelleplexes (data not shown), proving a transition
from poly- to micelleplex. After treatment with Heparin and
Triton-X almost all formulations released all their encapsulated
siRNA indicating no loss through nebulization. Only the Aerogen
Pro nebulized 75% OA Micelleplexes lost approximately 45% of
their cargo.

Gene Knockdown
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Surprisingly, even though the physicochemical characteristics of
the 30% OA transition state micelleplex showed no difference
after nebulization their in-vitro performance was improved. We
hypothesize that this is due to a weakened association of
polymer and siRNA facilitating the cargo release in the cells. The
75% OA micelleplex performed slightly worse after nebulization.
This might be due to a decreased stability of the complex.

This project is funded by a European Research Council (ERC)
grant and the Volkswagen Stiftung .

The poster comprises graphical items created with biorender
and Prism 5.

[1] Tzeng et al., Expert Opin Drug Deliv. 2020 Oct; 17(10): 1395-
1410
[2] van Rijn et al., Scientific Reports (2023) 13, article number:
8851

Adrian P. E. Kromer

Department of Pharmacy
Ludwig-Maximilians-University Munich
Butenandstr. 5, B2.027

81377 Munich, Germany

Email: adkroph@cup.uni-muenchen.de




Catia Lopes

Unravelling Gene Therapy's Potential in Alzheimer’s Disease &
via the Brain-Blood Barrier

Catia D. F. Lopes !, Marco Basile "2, Alessandro Ronzoni 1.2, Giuseppe Battaglia .34 ———-—

1-Molecular Bionics Group, Institute for Bioengineering of Catalunya (IBEC), The Barcelona Institute of Science and Technology (BIST) Barcelona, (Spain). 2-Biomedicine Department,
University of Barcelona, Barcelona, (Spain). 3-Biomedical Research Networking Center in Bioengineering, Biomaterials, and Nanomedicine (CIBER-BBN), Barcelona, (Spain). 4-Catalan
Institution for Research and Advanced Studies (ICREA), Barcelona, (Spain).

clopes@ibecbarcelona.eu. X@Cat/‘aDLopes
i Background: Alzheimer's disease (AD) is a genetic and sporadic neurodegenerative disorder, involving the accumulation of Amyloid-B (AB) in
i the blood and brain, with no cure available. The main clinical challenge remains the accomplishment of an efficient and safe therapeutic |
i option that can arrest the disease progression and prevent cognitive failure. The decreased AB clearance is the most accountable process for
:AD development rather than the increased AB synthesis. From this point of view, AB clearance pathways are promising targets to lower AB
i levels and prevent or effectively change the clinical course of the disease. At the BBB, LRP1 acts as the main transporter for AB but |ts.
-expre55|on is declined in normal ageing and AD as well as the AB clearance across the BBB. Therefore, LRP1-mediated AB transport across !
i the BBB and clearance from the brain is an important novel therapeutic target for AB clearance therapy. :

! Goal & Approach: This work aims to develop a brain endothelial-specific gene
'therapy that can improve the fast and efficient tubular mechanism for A clearance : o~ LUMINAL
e

from the brain. : @ ! Brain-endothelial cell
: H ~— Y ﬁ
§

EThe strategy is based on the establishing of super-selective polymersomes capable | -
i of targeting brain endothelial cells (BECs) and allow the modulation of the AB
'clearance mechanism across the BBB. The proposed AB lowering intervention relies | ¢ ¢t ¢ ¢

t U s
- e =
N
§ £ ¢
ion the re-establishment of proper expression levels of the LRP1 receptor - a key il APICAL
i intervenient in the AB clearance across the BBB. : Ap plaques

Super-selective BBB-targeted nanosystem BBB properties are maintained after LRP1 up-regulation in BECs
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LRP1 up-regulation improves AP transcytosis across the BBB Maln Findings

A Up-regulation of LRP1 in hBMEC do not interfere with the electrical :

o = * 120 i resistance, tight junctions expression and dextran permeability. :
< 100 i &+ The different AB species showed to be non toxic in hBMEC at the:
e ; B w0 concentrations tested
) Sl i + The apparent permeability of monomers and oligomers is not altered in
2 2% i comparison with the control, but the LRP1 up-regulation seems to be :
E 7 % £ 900, 5 onomey i associated with higher transcytosis of AB fibrils.
£ Sl e : gzzmm . Previous work showed an increase in the association of LRP1/PACSIN2
2 i (all AB species) during the first 15 min contact, with oligomers favouring :
: : : 0001 0.01 041 1 the formation of PACSIN2 fast shuttling across BECs. Here, after éhi
Monomers Oligomers  Fibrils AB(1-40) pM contact, the association of LRP1/PACSIN2 is significantly decreased for :
i oligomers and fibrils indicating a possible time-dependent involvementi
i of PACSINZ in AB transport/clearance.
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1. INTRODUCTION
Recent studies have proposed to enhance M2 macrophages activity to promote tendon healing. Budesonide is a small molecule drug that has been used for macrophage
polarization toward the M2 phenotype (1). However, upregulation of TGF-B by M2 macrophages contributes to fibrosis. Hence, novel therapeutic strategies have been focused on
supressing mediators of fibrosis. siRNA-mediated inhibition of key genes involved in the formation of adhesions and fibrotic tissue could potentially allow to increase the activity
of MMPs involved in tissue remodelling. Hence, we hypothesise that co-delivery of budesonide and an anti-fibrotic siRNA would promote macrophage polarization toward the M2
phenotype while preventing fibrosis (2). Lipid-polymer hybrid nanoparticles (LPNs) were formulated to perform a controlled release of the drug molecules and to enhance the
transfection efficiency in macrophages and tenocytes. The optimized LPNs displayed a suitable and homogenous size for intramuscular administration and encapsulated
efficiently budesonide in the polymer core and siRNA in the lipid shell. In addition, LPNs were not toxic at the doses needed for therapeutic efficacy. LPNs were taken up more
efficiently than the bare polymer core and displayed an efficient siRNA transfection efficiency even at low nanoparticle concentrations. The expression of pro-inflammatory and
pro-fibrotic genes was modulated by the dual-loaded LPNs as preliminary indicator of a synergistic therapeutic efficacy.

2. METHODS

LPNs were prepared with a glass capillary microfluidics system using an optimized two-steps co-flow nanoprecipitation approach, and Figure 1. Shcematic
purification was achieved by ultracentrifugation. The size and size homgoneity was evaluated by dynamic light scattering (DLS) and represent.ation of lipid-
transmission electron microscopy (TEM). The loading of budesonide and siRNA was assessed using a High Performance Liquid polymer hybrid

. A . nanoparticles (LPNs)
Chromatography (HPLC). HPLC and a fluorescent assay, respectively. The cell viability of the bare polymer core vs the hybrid NPs was loaded with budesonide
assessed in RAW 264.7 macrophage cells and tenocytes using a luminiscent assay. The uptake was evaluated in RAW 264.7 murine in the polymer core and

cells and THP-1 human cells. The synergistic anti-inflammatory and anti-fibrotic potential of these LPNs was evaluated by RT-qPCR. siRNA in the lipid shell.

3. RESULTS

1. Physicochemical characterization of BUD@sIiRNA@LPNs
A

NPs label Size (hm) PDI C;pntential (mv)

PLGA core 240+ 6 0.11+0.07 232

Empty LPNs 320+ 8 0.19+0.08 +25+1
BUD@sIRNA@LPNs 345+7 0.22+0.09 +25+1

PLGA core Empty LPNs BUD@siRNA@LPNs

Figure 1. Dynamic light scattering (DLS) data (A) and transmission electron microscopy
images of the dual-loaded LPNs (B).

- . 3. Anti-inflammatory and anti-fibrotic effect of
2. Cell viability and uptake of LPNs in RAW 264.7 cells. BUD@siRNA@LPNS.
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Figure 3. Modulation of the expression of different pro-inflammatory
Figure 2. Cell viability of RAW 264.7 cells after 24 h (A) and 48 h (B) of incubation gt'DBéc_zzmd@ﬁ’_?,\]f'br"t'c genes (D, E, F) in RAW 264.7 cells by

with LPNs at different concentrations. (C) Confocal microscopy images as qualitative st S-

uptake assessment of the internalisation of FITC-labelled LPNs in RAW 264.7 cells.

4. CONCLUSIONS

The optimized BUD@siRNA@LPNs optimized exhibit a core-shell structure, confirming the coating of the PLGA core by a lipid shell. LPNs had size homogeneity and colloidal stability had released
the payloads ina sustained manner. The cell viability studies in macrophage cell lines demonstrated the cytocompatibility of the nanosystems. Quantitative and qualitatve uptake studies
confirmed the internalization of LPNs in these cells lines, wiht a maximum uptake at 6 h after incubation. Finally, the synergistic anti-inflammatory and anti-fibrotic effect was demonstrated by
analysing the expression of genes by RT-gPCR.
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have emerged as a promising tool for enhancing the efficacy of cancer
treatment' 3
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Fig 1. Nanocarrier based in liposomal systems containing the drugs and sensitizer agents that can be
activated with ionizing radiation
selectively within the tumor, exploiting the radiation-induced changes in
nanoparticles for precise drug delivery.
holds significant potential to improve the therapeutic outcomes in cancer
patients while minimizing adverse effects, representing a promising

= Drug-loaded nanoparticles (liposomes) that respond to radiotherapy
LIPOSOMES
E
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g Wg{ (VY
Sess
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=> These nanoparticles can be designed to release therapeutic agents
= This integration of radiotherapy and nanoparticle-based drug release
advancement in cancer treatment strategies.
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METHODS

= Liposomes were synthesized by a thin film hydration method followed
by extrusion

—> Molar ratio msp Lipid : Chol : DSPE-Peg 2000 mmp 66.2:32.5:1.3
- 1,2-dilinoleoyl-sn-glycero-3-phosphocholine (DLPC)
- 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC)
- l-stearoyl-2-linoleoyl-sn-glycero -3-phosphocholine (SLPC)
- 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC).

Potential radiosensitizers
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— [n vitro studies were performed on HeLa cells in order to assess cellular
uptake and radiosensitization effects when incubated with liposomes.
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Fig. 3. CF release of liposomes with different

Lipnd Pevensdare (mg™"

radiosensitizer irradiated with UV light (A) different sizes irradiated with y  (A).

CONCLUSIONS

% RB was identified as a good radiosensitizer to induce lipid
peroxidation in liposome membranes under radiotherapy leading to
the synchronous release of their cargo.

¢ Minor differences on CF release was found for liposomes loaded with
different RB concentrations when irradiated with UV light while large
differences were obtained when irradiated with y photons.

% Induced release is faster for smaller liposomes probably due to the
higher curvature of the surface which leads to increased exposure of
unsaturated lipids to reactive species.

< Polyunsaturated fatty acids like DLPC or SLPC are more sensitive to
radiation damage.

< A minor radiosensitizing effect was obtained with RB liposomes on
HeLa cells.

‘ CF Release (%) g

Fig. 4. Lipid peroxidation of DLPC-RB with
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Fig. 2. Passive CF release from liposomes monitored during 24 hours after y irradiation (0, 2, 4, 6, 8, 10 Gy): DLPC-200nm
(A), DLPC-RB(1mM)-200nm (B), and DLPC-RB(5mM)-200 nm (C), DLPC-RB(10mM)-200nm (D), DLPC-RB(10mM)-
50nm (E), DLPC-RB(10mM)-30nm (F), SLPC RB(10 mM)-200 nm (G) and DOPC-RB(10 mM)-200 nm (H).

surviving fraction

3 4 5 78
dose (Gy)
Fig. 5. Cell internalization (A) of DLPC-RB liposomes (544 nm/590 nm, red) in HeLa cells (24 h

incubation). (B) Survival fraction of HeLa cells after y irradiation (0, 2, 4, 8 Gy).

FUTURE WORK

Further work is needed to increase the radiosensitizing effect of the
liposomes and to explore their chemoradiation capabilities on in vitro
studies.
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Introduction
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Antigen-NP

Subunit (protein/peptide) vaccines are preferred because of a safer profile uptake by cells'“

and scalability. However, these antigens by themselves suffer from low

immunogenicity and stability.[!] w
Therefore, we propose the use of nanoparticles (NPs) as vaccine carrier /ﬂ?ﬂ e :
since they can protect antigen against degradation, improve the loading

immunogenicity and allow for targeted delivery. Nanoparticles
Antigen-loaded NPs

[1] Nanishi E, Dowling DJ, Levy O. Current opinion in pediatrics. 2020 Feb;32(1):125. (NPS)

Nanoparticle synthesis and Characterization In vitro testing of NP-antigen conjugate
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* Reproducible
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* FSP allows facile synthesis of CaP NPs with good control over
crystallinity and surface area.
Both crystalline and amorphous CaP NPs have immunomodulatory
effect on bone marrow derived dendritic cells.
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The Postnova Nanomedicine Characterization Platform

Field-Flow Fractionation Multi-Detection

-

2 Postnova AF2000 AF4

& EAF2000 EAF4

Critical Quality Attributes

» Payload / Cargo Mass

» Encapsulation Efficiency
« Size / Molar Mass Distribution

« Particle Concentration / Virus Titer
« Particle Shape / Morphology

« Stability / Aggregation

« Zeta Potential / Surface Charge

» Corona Formation

« Composition / Conjugation
Chemical Identity / Impurities

ICP-MS

Postnova CF2000 CF3 NTA
Field-Flow Fractionation - FFF  scpsrson i | _
Narrow ribbon-like channel without stationary phase F P [ 2
Various external separation fields (e.g., Cross Flow, Centrifugal Field) [ # 3 %% PsabolicFlow rofie cose 20 K
Asymmetrical Flow FFF (AF4), Centrifugal FFF (CF3), Thermal FFF (TF3)... e 2' B ot

Gentle separation under physiological conditions
Multi-detection capabilities
Fraction collection
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Schematic of the separation principle and
elution order in Field-Flow Fractionation.

Liposome size distribution, concentration & Zeta potential by EAF4-MALS-NTA

e Size from MALS (Radius of Gyration Rg)
and NTA (Hydrodynamic Diameter D,)

e Commercial liposomal Doxorubicin (Doxil®)
e Diluted in 0.5 mM NaCl or DMEM + 10% fetal calf serum
e 1 xPBS as eluent

Doxil® fractionated under physiological
conditions by EAF4-MALS.

Exosome-BSA cargo mass by CF3

Empty and filled exosomes of similar size (BSA as cargo)

1x PBS as eluent

e o o o

Size-resolved particle number concentration
of Doxil® by EAF4-NTA.

Cargo mass quantification by CF3 theory

Shift of retention time of Doxil® observed
during fractionation by application of
different electrical field strengths.

e 1xPBSas

strengths.
slope = electrophoretic mobility; Zeta
potential by Smoluchowski approximation

eluent

i . | * R 24-41 nm (NaCl and DMEM)

i g ol * D.: 65-95 nm (NaCl); 60-95 nm (DMEM)
E :1 & ] § it SR ! —— * Particle number concentration from NTA

! i 44N 1= S e Zeta potential from EAF4

i g0 h ,‘ “;\*M W =1 owem ' o -34.6 mV (NaCl); -45.2 mV (DMEM)

H - ift W e

i | " g o aiae i ¢ No protein corona formation (?)

| : E Plot of difference of retention times (ciift

las L velocity) against applied electrical field Further information: R. Drexel, A. Siupa, P

Carnell-Morris, M. Carboni, J. Sullivan and F.
Meier, Molecules, 2020, 25(20), 4703.

mMRNA-LNP payload by AF4-UV-MALS-RI-DLS

e mRNA-LNP synthesized at
SINTEF Industry, Norway
o Frit-Inlet AF4 channel

* Figures of Merit
* 90% recovery
* SD (size) < 2.5%
e SD (ret. time) < 0.6%

Effective or buoyant mass m’ ~ retention time

e |“=% e Payload quantification

1 Shift
® 6.0% mRNA

| e CF3 ultrasensitive balance
| e 20 attogram (ag) BSA at

]i, ]I‘ detector peak maximum T = A * mRNA payload
- Determined mRNA payload plotted against UV- increases with
> 3 * 10-80 ag across ful detector signal and LNP retention time. A priori o 7
fe exosome size distribution knowledge: dn/dc & ¢ for mRNA and lipids increasing LNP size

]
CF3-UV fractograms of empty and filled exosomes.
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1. INTRODUCTION 3 RESULTS
Reaching the target destination within the body is one of the highest objective to achieve while A ad B Fokokok
formulating drugs. Focusing on the human skin as target site for drug delivery, we can take 10 s s 15 [ 1
advantage of the high density of immune cells for impl ing i izati g *kkk  ns
[1]. However, the skin also acts as a strong barrier, providing a tough protective shield that drugs - 3 8 ‘ -
struggle to penetrate. To address this issue, we developed a solution using dissolving microneedle il —r—Microneedle Amay & g 10
arrays (MNA) loaded with nanocrystalline imiquimod, a TLR-7 agonist. The MNA not only enhance Porcine Ear Skin ‘é 6 cs'y
drug permeation but also make the delivery process more effective. In our experiments, we n Permeation -5 4 T =3
conducted both ex vivo permeation tests using a Franz diffusion cell and in vitro release ' Sample port E g5
experiments. With the use of MNAs, we achieved the same level of drug permeation after 24 Receptor chamber § 2 =
hours, using only 7% of the nanocrystalline imiquimod dose compared to that required in the £
semisolid formulations. 0 ) o .
& & & ¥ @ S
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Formulation development to establish of a platform strategy for
transcutaneous vaccination
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[2] Pielenhofer...Langguth...Radsak, Front. Immunol. (2020)

) METHODOLOGY

PREPARATION OF MNA: SOLVENT CAST METHOD [3][4]
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MANUFACTURING CHARACTERIZATION TESTING
Franz diffusion cell: ex

vivo skin permeation

Imiquimod nanoparticles Particle size
Imiquimod suspension

Moulding of MN

Optical appearance

Insertion success Release testing

Mouse model: efficacy
and immunological
response

Mechanical properties
Loading dose

Fig. 1: A Imiquimod-loaded PVA microneedles B Insertion of PVA microneedles into porcine ear skin

stained with

C Stereomicroscopical image of porcine ear skin after insertion of PVA mic
blue solution

Fig. 2: Ex vivo permeation of imiquimod (IMQ) after 24 hours: MNA vs. semisolid formulations (IMIGel;
IMISol+); A Absolute permeation (dose IMQ used: 70 pg (MNA); 1000 pg (IMIGel/ IMISol+)); B Relative
permeation (% dose); showing means + SD (n=5); one-way ANOVA followed by Tukey’s post-hoc analysis
(significant difference (p<0.001) « MNA

= IMIGel
+ IMISol+
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Fig. 3: In vitro release of imiquimod IMQ: MNA vs.
semisolid formulations (IMIGel; IMISol+); dose IMQ used: 70
ug (MNA); 1000 pg (IMIGel/ IMISol+); showing means + SD
(n=3)
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" /] CONCLUSION

Nanocrystalline
Imiquimod

§ * We were able to manufacture
§ dissolving microneedles containing

Oé° - nanocrystalline imiquimod in
S . .
v\@’& Anthralin reproducible good quality
&
(,0

MNA perform promising towards
Antigenic the insertion success and show
] Peptides advantages in drug permeation and
</ release over semisolid formulations

Promising results in preliminary
tests in terms of immunological
efficacy

Increase in ear thickness

Fig. 4: Pilot experiment Imiquimod MN (left) or placebo
MN (right) were applied to the ears of C57BL/6 mice and
ear thickness was determined after 24 h (n=3 animals)
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Fig 1. Antibiotic-loaded polymersomes functionalised with peptides will Fig 2. a. Mutant K43A hMR1 Ectodomain (hnMR1_ED) and 32m inclusion bodies were denatured using 8M Urea and the proteins

mimic the interaction between the MAIT cell receptor and human MR were refolded with a buffer containing 2mM EDTA and 0.4M of arginine. b. The refolded sample was loaded into a DEAE Anion

L . P 5 U Exchange column and fractions containing hMR1_ED and B2m were collected, analysed by SDS-PAGE, and concentrated. c.
(NMR1). By recognising specific MR1-Mtb metabolite complexes, the hMR1-B2m samples were further purified by Size Exclusion Chromatography (SEC) (Superdex 200 10/300 GL) and analysed by
polymersomes will target Mtb-infected host cells.

SDS-PAGE. d. Native Mass Spectrometry of hMR1-B2m purified samples.
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INTRODUCTION

P . Today about 37.9 Mio people are living with the human immunodeficiency virus (HIV) [1]. An HIV-

< - @ = Antigen vaccine for prophylaxis would be the most effective approach to fight the global pandemic [2]. The

. . = Nanoparticle viral envelope protein (Env) of HIV plays a key role in broadly neutralizing antibody elicitation and

4;& ’ therefore protection against infection [3]. We and others have shown that the immobilization of
w1

Env on the surface of nanoparticles (NPs) is more effective compared to vaccination with the
soluble antigen [4,5]. Another aspect is that a prolonged delivery of Env antigen e.g. from mini-
osmotic pumps mimicking the kinetics of natural infections, elicit enhanced humoral responses
compared to traditional bolus immunization [6]. Our goal is to combine both principles namely the
particulate and prolonged delivery of Env antigen. Hydrogels have already proven to be a suitable
platform for the release of proteins with different kinetics while maintaining the integrity of the
proteins. [7-9]. Poly (ethylene glycol) (PEG) as material for the fabrication of hydrogels in
particular has the immense advantage that it is easy to functionalize, and thus different release
kinetics can be realized by varying the macromolecular chain length and the branching factor.
Therefore, antigen carrying silica nanoparticles (SiNPs) were incorporated into PEG hydrogels
forrelease over a prolonged period.

DL A )

METHODS RELEASE OF ANTIGEN@SINP

Attachment of Ag to SiNPs: Env trimer (Env,), Env monomer (Env,,,,) and human 1201
serum albumin (HSA) as a model were used for immobilization on fluorescein
isothiocyanate (FITC)-labelled SiNPs (100 nm) as previously described [6]. Polymer
synthesis and hydrogel preparation: 8armPEG10k/20k/40k, 4armPEG40k, and
4armPEG40k-Lysine-hexanoic acid (4armPEG40k-Lys-AHX) were functionalized with
maleimide and furyl groups as previously described [10]. Hydrogels were fabricated by
cross linking equal amounts of furyl and maleimide functionalized polymers. Rheology
and mechanical properties: Oscillatory shear measurements were conducted at 37°C
to study gelation time and Young's modulus of compression was determined on a
material testing mashine. Mesh size determination: the average meshsize was
determined as previously described [10]. Antibody affinity measurements: After
release of Env,@SiNP and Env,, @SiNP from a 4armPEG40k hydrogel, Microscale
Thermophoresis (MST) was performed to measure binding affinities of the broadly
neutralizing antibody VRCO1 to the antigen.
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Incorporation of decorated SiNPs could potentially lead to PEGylation of the
(a) Nanoparticle loading has no impact on gelation time as well as on hydrogel antigen. Therefore, to test the integrity of the antigens before loading the SiNPs

stiffness (expressed by Young‘s dulus). (b) With increasing polymer MW and into the hydrogels and after their release, binding studies to antibodies were

decreasing branching factor, gelation time increases while hydrogel stiffness  performed. The antibody affinity to Env,,...@SiNP and Env,@SiNP before loading

decreases. (c) With increasing polymer MW the meshsize increases and after release were quite similar and not negatively affected.
CONCLUSION

We believe that PEG hydrogels may serve as toolbox for the controlled release of vaccine NPs improving the immune response. An important step will be
to demonstrate biological activity of released antigen carrying SiNPs in vivo.
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*  The freezing step influences the homogeneity of the frozen sample as well as the pharmaceutical properties of the reconstituted formulations.
«  Our work provides valuable insights into formulation and process parameters impacting on the lyophilisation process of non-crosslinked polymeric
\_ micelles, overall paving the way towards their pharmaceutical development and manufacturing. )
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ckground
Colorectal cancer (CRC) is a complex disease characterized by a
diverse tumor microenvironment (TME) comprising immune and
non-immune components, with macrophages being the most

abundant tumor-infiltrating cells that exhibit distinct phenotypic
states, usually referred to as tumor-promoting M2 macrophages,

or antitumoral M1 macrophages'. Macrophage polarization
represents the activation state of a macrophage at a specific
moment. However, their polarization status is dynamic and can
be modified by integrating multiple signals from the neighboring
milieu?. The dynamic interplay between tumor cells and
macrophages plays a critical role in shaping the
immunomodulatory properties of the TME, affecting tumor
progression and therapeutic responses®. Moreover, the impact of
both conventional and innovative therapies on the tumor
microenvironment, where immune cells, including macrophages,
play a crucial role, is often overlooked. The macrophage plasticity
phenomenon allows for exploring novel therapeutic strategies
aimed at reprogramming them from the M2 to M1 phenotype.

This study aims to explore potential nanotechnology- and drug-
based strategies for targeting macrophages in the TME of CRC.

The novelty of this work lies in its comprehensive approach to the
heterogeneity and complexity of the TME.

Methodology

To address the need for innovative therapeutic strategies,
nanotechnologies and photodynamic therapy were explored for
their potential to target macrophages and cancer cells. A novel
theranostic nanocomplex, composed of quantum dots and a
photosensitizer, previously shown to accumulate in human skin
mesenchymal cells*, was tested for its efficacy in targeting
macrophages and CRC cell lines. The induced transcriptomic
changes, reflecting macrophage polarization state, were later
compared to the gene expression profile induced by several
small molecule inhibitors, designed for targeting the stemness
pathways.

Results

We demonstrated that the theranostic nanocomplex accumulates
uniformly in differenct CRC cell lines (Figure 1), regardless of their
molecular subtype, as well as in macrophages. This suggests the
potential utility of nanotechnologies for targeting tumor-
associated macrophages in CRC.
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Figure 1. Dynamics (left) and representative confocal microscopy image (right) of
theranostic nanocomplex accumulation in different CRC lines.

After prolonged incubation with nanocomplex, no major
transcriptome changes were induced in the CRC cells on the
molecular level. Macrophages, on the other hand, responded by
downregulating their M2-related gene (e.g. MRC1) expression
and upregulating the M1-related gene (e.g. HLA-DR, CXCL8)
expression (Figure 2), suggesting the potential repolarization
from the protumoral M2 type to the antitumoral M1 type.
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Figure 2. Gene expression changes in MO, M1, M2 macrophages after 24 hours
incubation with theranostic nanocomplex (KT-CEg) vs control (K).

Stemness inhibitors (salinomycin SAL, = - &§ 5 5
SB-431542, JIB-04, napabucasin §53sgg8g3¢
NAPA) demonstrated ambiguous ‘ Mo
effects on macrophages, inducing SAL
changes in  gene  expression 6
associated with both M1 and M2 ::Em

phenotypes, and allowing for further
combining several treatment
strategies for obtaining the desired
response.

Figure 3. Gene expression profile
of MO macrophage polarization
after 48 hours drug treatment.
Blue — decrease, red — increase.

Novel therapeutic approaches, such as theranostic nanoparticles
or stemness inhibitors, can act as immunomodulatory agents for
repolarizing M2 macrophages towards an antitumor phenotype
(Figure 4). These findings justify further investigation to elucidate
the underlying mechanisms and explore potential combination
therapies for improved clinical outcomes in CRC treatment.
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Figure 4. The conditions for successful cancer therapy might lie in the TME,
composed of different host cell types. One of the most abundant populations —
tumor-associated macrophages — are usually protumoral and M2-like. However, our
initial ~ findings suggest that theranostic nanocomplex can repolarize M2
macrophages into their antitumoral M1 state and consequently exert an active
immune response.
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The serious challenges in cancer therapeutics are i o~ — FA(S0:50/50/2) - F13(70:30/30/2)
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the low concentration of the cytotoxic agent at the é / - R B etaoman e naiaoicamon,

tumor microenvironment and the systemic toxicity wosi = FTE0TS0) == F10(0:0080)
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of the chemotherapeutics. With this in mind, we Timo(Houn) ~ FO(50:50/30/4) - F18(50:50/50/0
developed an injectable lipid liquid crystalline e t i

(LLC) based formulation of doxorubicin with

sustained release pattern which provide sufficient

dose of doxorubicin at the target tissue.

Methods

18 different formulations of LLC loaded with
doxorubicin were synthesized via different ratios of
phosphatidyl choline (PC): sorbitan monooleate

Cumulative release of Dox%

(SMO), N-Methyl-z-pyrrolidone (NMP) and tween o 200 400 600 800 1000 1200 1400 1600
80. Afterwards, physicochemical characteristics of _ fimedtionn - S _

. . . . Figure 3. The release study of various formulations with different ratios of PC:
the formulations were studied. Then, in vivo tumor SMO/NMP/Tween 80. Additionally, a separate chart showing the release pattern of
inhibitory effect of the selected formulations in C26 the selected formulations is shown at the top.

. - . 100 ® Control
tumor bearing mouse model was investigated. & Fy(0s0502)
G O F (50:50/50)
Results o B L, (5050502)
¥ DOXIV

Tumor volume (mm3)

| )

Time (Days)
Figure 4. The tumor volume of Balb/c tumor bearing mice model after
administration of PBS (control group), intravascular DOX (DOX IV), intratumoral F;
(DOX loaded PC: SMO/NMP/Tween 80 (50:50/50/2 w/w%), F (DOX loaded PC:
SMO/NMP (50:50/50 w/w%) and L which is lipid liquid crystalline formulation
made of PC: SMO/NMP/Tween 80 (50:50/50/2 w/w%).

Figure 1. mage of LLC optimal formulations under polarized light
microscopy (100X), F T (PC: SMO/NMP/Tween 80 (50:50/50/2 w/w%) (A),

¢ . DOX (IV)  Ft(50:50/50/2) DOX (IV)  Ft(50:
and F (PC: SMO/NMP (50:50/50 w/w%) (B). A BOX@): ReE ¢

Figure 5. Animal imaging study of Balb/C tumor bearing mice after intravascular
and intratumoral administration of DOX and F (DOX loaded PC: SMO/NMP/Tween
80 (50:50/50/2 w/w%).The study was done 4h (A) 24 h(B) and 72 h after the
administration of the treatment.

Figure 6. Ex vivo images of tumor
and major organs (Lung, Kidney,
liver, spleen and the heart). Tissues
were excised from C26 tumor-
bearing mice after (A) 4 h and (B) 72
h of IV injection of DOX and
Intratumoral injection (IT) of FT
(50:50/50/2).

Figure 2. F; Formulation (DOX loaded PC: SMO/NMP/Tween 80
(50:50/50/2 w/w%) was in sol state at room temperature (A). The
syringeability of the formulation (B). The formation of gel state while
injecting the formulation into phosphate buffered saline (pH:7.4) solution
(C). Rheograms showing the pseudoplastic behaviors of F; (DOX loaded
PC: SMO/NMP/Tween 80 (50:50/50/2 w/w%) and F (DOX loaded PC:
SMO/NMP (50:50/50 w/w9%)(E&F).

Conclusion: We believe that doxorubicin loaded lipid liquid crystalline formulations could efficiently eradicate cancers cells
in C26 tumor bearing mouse models without systemic cytotoxicity.
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1.Introduction

One of the main causes of Parkinson’s Disease (PD) is the massive aggregation
of alpha-synuclein (AS) protein. A potential treatment could be the use of
monoclonal antibody (mAb), such as SynO4, which prevents aggregation of AS.
One of the main challenges of mAb brain therapy is to reach the brain regions.
We have developed a brain targeted delivery system based on liposomes able to
delivery this mAb for PD treatment. The system was conjugated to transferrin (TF)
Qn its surface to allow blood-brain-barrier crossing.
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Schematic representation of the system, transferrin liposomes (TF-lipo) loaded with SynO4 antibody (A). We succeed in encapsulating ~33 units of mAb inside our liposomes
(demonstrated by ELISA) (B); Cryo-TEM images of TF-liposomes shows the functionalization of TF (conjugated to 5 nm NHS activate gold nanoparticles (GNP) in the NH, group of the
kTF) and the shape and size of the system (C). The number of TF molecules conjugated on the liposomes surface was measured by BCA assay (~100 units). )

5.In vivo delivery and Therapeutic Efficacy

3.Crossing Through an In Vitro BBB Model
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Introduction:  Recent  preclinical ——Maximum Tolerated Dose (MTD)
q q ——Metronomic Chemotherapy

studies suggest that metronomic

therapy and nanomedicines (Figure
1) can cause similar changes in the
tumor microenvironment including
improvements in tumor perfusion,
drug delivery and activation of the
immune system. Here!, we show
experimentally in murine studies, that
both approaches can serve as J
normalization strategies to enhance

——Cancer Nanomedicine
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INTRODUCTION

In the last decades, polymeric microparticles have found application in different biopharmaceutical fields, especially as a
controlled drug delivery system [1]. The top-down fabrication methodology, one of the currently employed techniques
to fabricate particles, allows for tuning the size, shape, particle density and surface area. Applying this procedure, we
developed the Microplates (uPL), polymeric microparticles owing a peculiar shape, defined by a square base of 20 x 20
pm and 10 pm height, homogeneous in size, shape and surface area and developed to deliver a wide variety of payloads
[2-4]. Recent optimizations of particle fabrication methods led us to develop a novel porous version of pPL, with
different physiochemical and biopharmaceutical properties.

METHODS: pPL Fabrication

» Composition > Poly(D,L-lactide-co-glycolide)
(PLGA) as main polymer and a copolymer

» Implemented top-down fabrication
methodology = Production of porous pPL

»Direct and post-production loading strategies
=> Curcumin (CURC) directly loaded into the
particle structure; fluorescent small molecules
(such as Rhodamine B), polystyrene beads
nanoparticles (50 and 200 nm) and fluorescent
liposomes loaded after particle preparation.

»puPL  morphology > Scanning Electron
Microscopy (SEM), Confocal Microscopy and
Fluorescence Microscopy (Fig. 1).

> Size distribution and particle concentration >
Multisizer system.

»Drug encapsulation - HPLC and UV-Vis
analyses.

RESULTS: uPL Characterization

Strategic platform for the simultaneous delivery of
drugs owning different physiochemical properties, or
nanoparticles / liposomes for sustained drug releases.
Further investigations required to role co-polymer
and how the number, structure, and pore diameter,
and affect the properties of the system.

10kV  X3,500 5pm

. & 4

v X,

v Well-defined Sq“are'Shaped porous partlcles. Figure 1: Geometrical characterization of porous uPL: A) SEM image;
v Homogeneous alveolar structure - size range B) Confocal microscopy (40X) of pPL loaded by CURC and RhB,

from 0.4 to 1.5 um. aeoa)(g;SO or 200nm and liposomes; C) Fluorescence microscopy image
v'Fluorescent CURC emission homogenously

detected - uniform distribution of the drug in the

particle structure.

v Distribution  of  signals from
nanoparticles and fluorescent liposomes -
particles act as a hierarchic system able to housing
different pharmaceutical entities.

v’ Fabrication process yield > 57.58 +4.96 % ACKNOWLEDGMENT

v Encapsulation Efficacy > 12,53 + 1,08 % s work vas pailly supporied by the Eoropean Union's Horizon 2020

Research and Innovation Programme under the Marie Sktodowska-Curie grant

CURC; 11.38 £+ 1.08 % RhB; between 40-70% for  agreement no. 754490 (COFUND 2018 “MINDED”), grant agreement no.
. . 872648 (RISE2019 “MEPHOS”) and the Fondazione Istituto Italiano di
beads of different sizes. Temalda

CONCLUSIONS

In conclusion, novel pPL characterized by a peculiar

porous structure have been obtained. The preliminary
RhB, P
collected results define them as a promising
hierarchic platform for multidrug delivery and
suitable for various therapeutic applications.
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To further explore the mesogenic behavior of LC systems, their optical texture
was estimated when imaged with polarized optical microscopy (POM, Fig. 4).
The current work addresses an innovative strategy to implement the  When pure systems S1 and S3 were heated to 43-45 ° C, the focal-conic
anisotropic properties of thermotropic liquid crystals (LCs) for extending  texture of cholesteric phase began to appear indicating the birefringence
their application in drug delivery. The distinctive feature of  properties of materials. When incorporating menthone (10%, w/w) in the LC
aforementioned systems is their temperature-induced on/off switchable  systems S1 and S3, a different colorful planar texture of the cholesteric phase
permeability as result of their transition to the LC state at normal human  Wwas observed as illustrated by POM images.

skin temperature.

In this regard, we fabricated novel compositions with a thermosensitive
core based on natural products — cholesteryl esters and mono-/bicyclic
terpenoids (Fig. 1).

Liquid

cHy
”'C)AQ
HC’

Heat
Chelesteryl esters. —~— \ ‘:E\L ©¢o 0% of menthone 10% of menthone
—
Lae W Aaa leotrople Y o 1 Figure 4. Optical polarizing microscope textures. Crystalline and chiral nematic liquid
Propionste  Butyrate  Valerate i ,“C/\c.‘, N_CJ\CN‘ crystal structure of system 1 (S1) and system 3 (S3) in their pure form and after
R 2 @ Menthone Sarvons incorporation of 10% of menthone.

Furthermore, we describe the dependence of helical pitch on LC
Figure 1. Schematic representation of liquid crystal (LC) system preparation based on  formulation for various ternary cholesteric systems doped with terpenoids,
cholesteryl esters and terpenoids. suggesting that these chiral dopants are nominally untwisting.
Modification of cholesteric helical pitch leads to a visual color change of
the LC systems upon their melting on the skin surface. In this context, we
may propose that terpenoids are incorporated into quasi-nematic layers
formed by cholesteryl esters contributing to the untwisting effect on the

LC mixtures were prepared by mixing of cholesteryl esters according to a
multiplicity of mass ratios leading to the formation of four basic
formulations — systems S1-S4 (Fig. 2). The basic systems were optimized
by doping with mono-/bicyclic terpenoids of 5% or 10% concentration. In

- itch (Fig. 5).
total, 24 novel LC systems containing menthone, carvone and verbenone P 9 -
were designed as penetration/permeation enhancers for drug delivery. A === —
" LC systems $1-54 » I mo[;;s o
Cholesteryl pelargonate (50%) Cholesteryl pelargonate (50%) doped with 10% of cholesteryl esters
S Cholesteryl valerate (25%) s2 Cholesteryl propionate (25%) terpenoids 2
Cholesteryl butyrate (25%) Cholesteryl butyrate (25%) p2
molecules of
Cholesteryl pelargonate (50%) Cholesteryl pelargonate (50%) LC systems 81-84 j terpenoids
Ss3 Cholesteryl adipinate (25%) S4 Cholesteryl adipinate (25%) v
Cholesteryl butyrate (25%) Cholesteryl propionate (25%)
1 | 1
. I " Figure 5. Phase transition of pure liquid crystal (LC) systems S1-S4 and those containing
The systems were doped with mono-/bicyclic terpenoids " . . N " o
10% of terpenoids on the skin surface (A). Schematic representation of helical pitch in the
Figure 2. Compositions of liquid crystal systems. cholesteric liquid crystals doped with terpenoids (B).

Phase transition to LC state corresponding to human skin temperature was  To prove the basic concept regarding the thermoresponsive LCs as drug-
achieved when incorporating 10% of terpenoids into LC systems. This  delivery systems for skin applications, we explored their potency by
mesomorphic behavior is exemplified by LC properties of system S1  studying /n vitro and ex vivo penetration across artificial Strat-M®
comprising terpenoids as depicted in Fig. 3. membrane and full human skin, respectively. By incorporating model
drugs with diverse molecular structures and physicochemical properties
into such LC matrix, we explored their potential exploitation for both
transdermal and intradermal drug delivery.

- CONCLUSIONS AND OUTLOOK
28 metng s %9

This work provides key results on the stimuli-responsive and adaptive
" - 5 : - — characteristics of LCs as a prerequisite to rationally design drug delivery
Sonclion (4 0) SR ) oA X ) systems for skin applications. For this purpose, novel thermoresponsive
Figure 3. Temperatures of phase transitions “crystal — mesophase” (— squares) and LC systems possessing the phase transition to the liquid-crystal state at
“mesophase - isotropic liquid” (— cirFIE§) for system S1 containing 5-10% of menthone normal human skin temperature were developed. We clearly
(A), carvone (B) and verbenone (C); — liquid crystal state. demonstrated the suitability of LC formulations for transdermal drug

“ delivery by in vitro and ex vivo penetration tests, using artificial
membranes and full human skin. Prospectively, we intend to exploit these
The study was performed under the program “Helmholtz-Initiative fir triggerable LCs for “smart” wound dressing that is anticipated to release

Geflichtete within the Impuls- und Vernetzungsfonds” supported by  antibiotics upon the increase of wound temperature as a sign of infection.
Helmholtz-Gemeinschaft Deutscher Forschungszentren e.V. This research was

also supported by the Alexander von Humboldt Foundation.
www.helmholtz-hips.de
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— INTRODUCTION

= The cancer cell secretome is a vital source of potential biomarkers as it consist
of proteins release directly from the cancer cells into the extracellular space.*

= However, interference by highly abundant FBS protein still possess a major
challenge to the analysis of low abundance secreted proteins in the
conditioned media.?

= Graphene oxide (GO) is a 2-dimensional (2D) nanoparticle which forms a
protein corona when in contact with biofluids.?

The ability of the Graphene Oxide (GO) protein corona to enrich low
abundance proteins is utilized here to provide in-depth analysis of the
secretome from different cancer cells grown in FBS-containing media.

‘without % H

Graphene Oxide (GO) corona processing

=

identifed FBS protens.
FBS containing
ol Sederome

@ identified secreted proteins

unidentfied protins
cancer cell "

type specific
proteomicfingerprint

— AIMS

To exploit the graphene oxide protein corona formation in order to enrich the
cancer cell secretome of lung cancer (A549), glioblastoma (U251) and cervical
cancer (Hela) cell line in FBS media.

Proteomically compare the cell secretome of the three different cancer cell
lines

— EXPERIMENTAL

(@ incubation with Go

Conditic d medi: llection . . "
Qe loned media co 1. Cells were grown in FBS-containing media and the

conditioned media was collected after 24 hours.

e
\n\w

o e 1
ala- B

2. The conditioned media was concentrated and incubated
with GO nanoparticles for 10 mins at 250 rpm/37°C to form
the GO corona.

3. The GO corona was isolated using a 2-step purification
process involvi exclusion
membrane ultrafiltration.

e Corona purification

2510 Put

@ Potein digestion

e 4. Proteins attached to the corona was dissolved in lysis

buffer and digested by the s-trap trypsin digestion process

By to peptides.
5. Mass spectrometry analysis was performed on the
© s spectrometry peptides using the Q Exactive HF Orbitrap LC-MS/MS

system

6. Raw data was processed using Proteome Discoverer
software to identify the proteins from each corona sample
and the proteomic pathway was analysis via KEGG pathway
analysis

— RESULTS

Asa9

With FBS

FBS-free

+ Cell images show changes in cell morphology and confluence in FBS-free media

— RESULTS

Enrichment of low abundance proteins
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am \
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* Mass spectrometry analysis of the GO corona showed an increase in the number of
uniquely identified proteins in comparison to control analysis of the FBS-containing
secretome.

* Analysis of the GO corona enriches the identification of low abundant proteins.

Taxonomical identification of secreted proteins

B bovine - FBS proteins.

1000+
I human + bovine
I human - secreted proteins
@ 8007 Secreted
'g corona proteins
] p——
S o0 A549
g Hela
£ 33 )
H
bt 400+
s
°
Z 200
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control corona control corona control corona

A549 U251 HelLa

* Analysis of the GO corona enriches the identification of human secreted proteins among
highly abundant FBS proteins

* Identified unique secretome protein for each cancer cell type
Pathway analysis

I R — Hela ...
.20 .
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Central carbon metabolism in cancer . 00s @50 Carbon metabolism 1 & 00+ @700
Long-term potentiation . . "
Oxytocin signaling pathway o Type Il diabetes mellitus .
Insulin signaling . 008 Proteoglycans incancer { @ o
Regulation of actin cytoskeleton |~ ®
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= KEGG pathway analysis revealed activation and enrichment of common cancer-related
secretome pathways including ECM-receptor interaction, focal adhesion and
proteoglycans in cancer.

— CONCLUSIONS & FUTURE WORK

= Graphene oxide protein corona enriched low abundance secretome proteins in FBS containing media.

= Future study would utilize the graphene oxide enrichment protocol to compare the secretome from matched cancer vs healthy cells and identify potential biomarkers

References
1. Xue, ., Lu, B. & Lai, M. The cancer secretome: a reservoir of biomarkers. Journal of Translational Medicine 6, 52 (2008).

2. Brandi, J. et al. Proteomic approaches to decipher cancer cell secretome. Seminars n cell & developmental biology 78, 93-101 (2018).

3.1, D. et al. When biomolecules meet graphene: From molecular level interactions to material design and applications. Nanoscae vol. 8 19491-19509 (2016).

€

W @Nanomedicinelab

nanomedicinelab.com

(PO Enomesic ne Lab




Myrofora Panagi

University Re-engineering the tumor B e

of Cyprus s Laboratory

" microenvironment with polymeric micelles to improve

the efficacy of nano-immunotherapy in breast cancer
Panagi M., Mpekris F.!, Chen C.2, Voutouri C.?, Martin J.D.2,
Michael C.", Kataoka K.3, Cabral H.2, Stylianopoulos T."
1 Cancer Biophysics Laboratory, University of Cyprus, Cyprus;
sk 2 Department of Bioengineering, The University of Tokyo, Japan; ICONV

o5t . L .
(Y wicbivsinot oo 3 Innovation Center of NanoMedicine, Kawasaki, Japan =~ e

Introduction: Nano-drugs combined with immunotherapy has high potential to
improve cancer patient outcomes. However, has a modest effect on survival
due to abnormalities in the tumor microenvironment (TME) that inhibit drug
delivery. Here!, taking advantage of the TME-reprogramming capabilities of
tranilast, we developed tranilast-loaded micelles (average size ~95nm)
combined: (i) with Epirubicin micelles or (ii) with Doxil nanomedicine and
immunotherapy (ICB) in mice bearing immunotherapy-resistant breast cancer.
Results: Tranilast micelles modulate mechanical forces and enhance
homogeneous accumulation and antitumor efficacy of Epirubicin micelles
(EPIl/m) and decrease lung metastases (Figure 1). Micelles combined with ICB
and Doxil improve therapeutic outcomes as yield to a 100% survival and induce
a long-term immune memory in mice (Figure 2).
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Figure 1. (A) Schematic of Tranilast/m. (B) Study treatment protocol. Animals
received daily intravenous injections of Tranilastm 2 mg/kg for 6 days and
subsequently two doses of EPI/m 6 mg/kg (on days 18 and 22). (C) Orthotopic
EQ771 breast cancer primary tumor growth in mice treated with Tranilast/m, or EPI/m
or combination of the two. (D) Representative ultrasound elastography heat maps of
tumors with blue indicating compliant tissue and red indicating stiff tissue. The
dashed black line denotes the tumor margin. (E) Elastic modulus values of tumors
during treatment using ultrasound elastography. (F) Quantification of macroscopic
spontaneous lung metastasis formation upon completion of the study.
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Introduction

. Glioblastoma (GBM) remains immensely difficult to treat, with most
patients not surviving beyond 15 months after diagnosis.!

. Lipid nanoparticles (LNPs) can be used to deliver RNA therapies to their
chosen target.? Challenges are delivering the LNPs to the correct
locations and loss of therapeutics to non-desirable cells.

. Conjugating a specific targeting agent to the outside of the LNPs could
be a way to tackle this, as the targeting agent guides the LNPs to the
desired T-cell, such as aptamers.

. Aptamers are single-stranded oligonucleotides that bind strongly and
specifically to diverse targets.> Aptamers can be targeted drug carriers or
used as a targeting ligand, increasing efficacy and minimising side effects.

Aims
This research aims to create a therapeutic delivery system using novel T-cell
targeting aptamers to improve the therapeutic effect of LNPs -mOX40 being
delivered to immune cells in GBM in vivo models. Delivering mOX40 to T-cells
will overexpress this marker and trigger an immune response with the T-cells
and their reciprocal APC.

Methodology

Transfection of mOX40

in vitro ex vivo in vivo
. Spleen
—_ — s
® <. —_— . ®
Organ g
LNPs- / Jurkat cells Spleen / Ex-vivo “ collection Exvis
mOoX40 (Human mouse | xvivo
| mouse
- . Teells) - , splenocytes
. i . \ 4 - splenocytes
5" 5 At . A
(VA% VA% (Q¢) i
\ o) - y
‘‘‘‘‘‘ . LNPs- . \
= mOX40 LA
Uptake and fecti itored via flow y

T-cell Aptamer Selection and Validation

R=) Aptamer soaes Tous
Library -
NGS — o
'
Aptamer
Top SELEX targeting T-cell
binding receptors o3 3mm 10mm 220 100mm
aptamers. ’ H
7 Molecular
PCR @ k/( / Docking
amplification Non-binding / Studies
aptamers. " .y
removed Validation Assays via Flow Cytometry
Biodistribution in vivo of AptICP1-ATTO655
-

‘ ).
I IR \

Flow Cytometry of
immune cells

Harvest
S Organs

Image full body brain
sections and all organs

Results

In vitro, ex-vivoand in vivo transfection of mOX40
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* Eight cycles of SELEX on ICP1 and ICP2 recombinant proteins, using a randomised
DNA library (30 nucleotides) followed by Next Generation Sequencing.

+ The 3 top aptamer candidates for each underwent validation studies: in vitro and ex
vivo binding affinity assays across both human and mouse T-cells.

*  These have produced Ks ranging from 0.33- 16.66 nM.

Biodistribution 7n vivo of AptICP1-ATTO655

Uptake of ICPI-ATTO655 aptamer

® ® in GL261 tumours after 1.C.
administration for 10 minutes.
E] The in vivo imaging results show
co-localisation  between  the
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© ) B
2o with distribution to CD45+/-
BE
<< cells.

Histograms ~ from the flow
cytometry analysis showing the
shift in fluorescence intensity
between the control tumour and
the tumour treated with AptICP1-
ATTO655.
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Future Work

*  Runaptamer stability studies over time invivo
*  Conjugate AptICPI to the surface of the LNPs -mOX40
»  Compare transfection of OX40 with and without the aptamer on the LNP surface.
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Background
Dendrimer: ideal material for nanomedicine

well-defined structure

unique multivalency

inner cavities

Bio-inspired dendrimers

DNA/Histone binding

Dendrimer for RNA delivery in cancer therapy

Glioblastoma Ovarian cancer
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Synthetic macromolecule with dendritic structure
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Innovation Concept

Self-assembling supramolecular dendrimer
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Supramolecular dendrimer
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Proof-of-concept studies
Nucleic acid delivery : from self-assembly to gene silence
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Bioimaging: detect otherwise undetectable tumor
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Perspectives
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Scheduled for clinical trials in USA and UK
Delayed due to the GMP production of dendrimer
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Modular and adaptive dendrimers for biomedical applications
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Drug delivery: overcome tumor heterogeneity and drug resistance

in situ tumor-secreted extracellular vesicle (EVs) mediated delivery
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circumvent heterogeneous drug response in pancreatic cancer
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Antibacterial agent: dynamic self-assembling to overcome multidrug resistance
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Dendrimer engineering : from design concept to green, sustainable and intelligent synthesis
Biomedical application: from proof-of-concept to unmet medical need and precision medicine
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Macromolecular immunodrug
delivery guided by self-immolative
nanobody modifications

Yannick A. Pilger,” Maximilian Scherger, "2
Jo Van Ginderachter,?® und Lutz Nuhn'*

Antibodies, nanobodies and other antibody-derived immune proteins can play
a vital role in targeted immunotherapeutic drug delivery. Because of their

innate targeting capabilities they enable site-specific delivery of bioactive Reversible tysne Modifcation
compounds.

However, to circumvent a reduction in biological acitvity for the conjugated

N

active compounds, a reversibility of the covalent conjugation to the protein ,‘Qia/v‘v

would be advantageous. Additionally, enhanced blood circulation can be

achieved by reversibly decorating the protein surface with stealth polymer o

chains. JL"’\/‘;,‘? nal

To address these needs, we present a package of strategies to reversibly modify
proteins such as nanobodies by self-immolative linkers with bioactive
compounds and Raft-polymerization derived stealth polymers. This assures a
targeted delivery of the bioactive compound as well as prolonging the proteins’
blood circulation properties.
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Reversible Cysteine Modification
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Introduction

Poly(D,L-lactide-co-glycolide) (PLGA) is the main component of a plethora of drug delivery systems (in the form of nanoparticles, microparticles,
and implants), that have been proposed for a variety of biomedical applications?, including brain diseases?. Neurological disorders, which
comprise developmental and degenerative diseases, ischemic stroke, and brain tumors, represent a major and increasing global health
challenge that requires dedicated resources gathering®. With the aim of finding new therapeutic approaches for those diseases, fast and
efficient long-term treatments are needed to speed up the possibility of new cures. A platform based on square polymeric microparticles
called PLGA-microPlates (uPL), has been developed to deliver a wide range of payloads. They are characterized by homogeneous size, shape
and surface area*’. uPL loaded with the antipsychotic drug risperidone (RSP) have been use to treat schizophrenia® (Fig.1A). Another PLGA-
based technology has been developed for intra-vascular administration: Discoidal Polymeric Nanoconstructs (DPN) carrying the clinical
formulation of the tissue plasminogen activator (tPA) were proposed as new thrombolytic agent (tPA-DPN)7 (Fig.1B). Interestingly, a novel top-
down fabrication process has been proposed to obtain square-defined PLGA WPL, as a versatile platform for the sustained drug delivery of new
chemical entities for the treatment of neurodevelopmental disorders (NDDs) (in preparation, Fig. 1C).
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Figure 1: Schematic representation of PLGA-based drug delivery systems events and clot area reduction.

. . . developed to tackle schizophrenia (A), ischemic stroke (B) and NDDs (C).
Discussion and future prospective

RSP-loaded pPL are a promising platform for improving symptoms associated to schizophrenia, indeed the sustained release of antipsychotics
from a single injection of UPL can rescue cognitive impairment up to several weeks. Moreover, the long-term efficacy with one single
administration could be of clinical relevance in terms of patient’s compliance and adherence to the treatment regimen.

tPA-DPN are promising nanotools for enhancing potency and safety of thrombolytic therapies, especially for those brain conditions already
impaired. This is due to the conjugation of tPA with preserved lytic activity, the deformability and blood circulating time of DPN together with
the faster blood clot dissolution. Further validation of this technology in a preclinical ischemic animal model is ongoing (in preparation).

We here propose a versatile platform obtained with fabrication process relying on soft lithographic techniques and leading to microsystems
with a peculiar size, shape, surface, and tunable mechanical properties, critical aspects for the sustained delivery of new chemical entities,
which could be effectively used in treating neurological conditions where small therapeutic doses can be provided continuously over weeks
upon a single administration, increased compliance with the reduction of the administration’s frequency, and lower side effects.
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» Non-viral, cationic polymer-based delivery systems provide easily adaptable composition and architecture.

» Hydrophobic moieties revealed superior efficiency in gene delivery due to membrane interaction, while stealth and anionic moieties reduce toxicity and serum interactions.’

> Combination of hydrophobic n-butyl acrylate (nBA), stealth monomer N-acryloylmorpholine (NAM) with positively charged guanidinopropyl acrylamide (GPAm)?2 or negatively
charged carboxyethyl acrylamide (CEAm), resulting in oppositely charged diblock copolymers.

> Mixed micelles assembled at different charge ratios for effective transfection and high biocompatibility.

Results & Discussion

Assembly of oppositely charged block copolymers to mixed micelles

| Hydrophobic | Hydrophilic 1 oK, 212 e < pK!=5.1\ Catoi mcuten
~ 07 NH j/\
‘ 1\ (o) NH ° =
0”0 07N E
‘ : o NH ° 00 '
NaM BN 0”0 X —
nBA CEAm —

Figure1. Assembly of BGN- and Mix-micelles. Assembly method to generate cationic micelles (dashed red arrows) and mixed micelles (solid arrows) by solvent exchange. x: mol% GPAm and y: mol% CEAm).
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The DeDNAed project intends to:

o Develop a cutting-edge bioanalytical biosensor platform with advanced sensitivity and

AC Target Q

Figure 1. Cluster decorated DNA origami based biosensor.

Aflatoxin B1 detection - A potent carcinogen

versatility using SERS as an ultrafast optical analysis method.

Assemble and integrate sensing elements using DNA origami as a “nano-breadboard”.

Use single-stranded DNA (ssDNA) as “solder” to attach elements to DNA origami.

Design and synthesize an appropriate DNA origami platform.

Use atomic nanocluster decorated aptamers as bioreceptor elements for aflatoxin B1

detection and use atomic nanocluster decorated antibodies as bioreceptor elements.

o Design appropriate plasmonic nanoparticles for SERS and their surface functionalization.

== o Integrate the DNA origami hybrids onto solid and flexible surfaces.

o Integrate and validate the DeDNAed SERS biosensor for potential application in the
Biomedical and Food Safety sectors.

Detection of Aflatoxin B1 (AFB1)

Most potent genotoxic and carcinogenic
mycotoxin

Linked to hepatocellular carcinoma (HCC)
High risk for grain mill workers
Contaminant in food such as cereals
MRL limits = 2 pug/kg in cereals

O O

Figure 2. Aflatoxin B1 structure.

O O O O

Nanomaterials in SERS readout strategies

o Surface-enhanced Raman Scattering (SERS) enhancement!?,
Raman hot spot, is formed in the interparticle gaps of DNA
origami functionalized with gold NPs specific spatial arrangement
due to coupling of the surface plasmon resonance.

o However, nanocomponents’ effects on humans and environment
need to be studied using SbD actions during the product life-time.

a)

0 nim DNADrigarmi with Nandsized gap- 1co

Silicon oxide modified surface- 200 nm hole

Figure 3. a) Integration of nanoscale components in DeDNAed biosensor, and (b) risks of nanolVD devices life-cycle.

Sustainability-by-Design considerations

Multiplexing consideration

o SusbD consideration — detection of multiple analytes in one device

Environmentally friendly components

o SusbD consideration — bio-based nanomaterials for SERS
Miniaturization: reduced reagents volumes and samples needed
o SusbD consideration — lower cost in reagents and samples
Designing sustainable surfaces

o SusbD consideration — recyclable, reusable and friendly design

Safe-by-Design (SbD) actions
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Figure 4. Suggested Safe-by-Design actions.
Risks of integrating nanoscale dimension materials:
Phase 1: Design, synthesis of nanoscale dimension materials
o SbD assessment — Several types of nanoscale materials are in
development phase
—> Define complete Phys-Chem characteristics
Phase 2: Integration of nanoscale materials to DNA origami
o SbD assessment — Integration of nanoscale materials to DNA
origami surface by complementary short oligo
-> Consider size, shape, stability
Phase 3: Integration of DNA origami hybrids on surfaces

o SbD assessment — Integration of DNA origami hybrids to SiO,
modified wafer (nanometer surface 200 nm holes), stability of
DNA origami hybrids on surface and risk of release

—> Check stability of the oligos binding and risk of release

Release of

Contribution to
nanomaterials

hazard/contaminants

detection
Hazardous chemicals

and materials 1o

Multiplexing
screening lots of samples Risk for workers

fobased ials
for SERS

Low sample and reagents used

Reusable surfaces/ single use
Recycling-friendly final

Redu i
educed cost product design?

et

Figure 5. Sustainability-by-Design considerations during the different development stages and use phases.

DeDNAed will foster a safer nano-enabled biosensor considering the Safe-by-Design approach and sustainability aspects3. Several nanocomponents are in
the development stage such as atomic nanocluster-decorated aptamers and antibodies as well as DNA origami and gold NPs. Unique and novel properties
and materials attributes need to be checked for unanticipated hazard or exposure behavior. DeDNAed will define a preliminary hazard/risk assessment and

control plans for the DNA origami biosensor nanocomponents.

[1]J. Phys. Chem. Lett. 2013, 4, 23, 4140-4145. DOI: https://doi.org/10.1021/jz402076b.
[2] Nat Commun 5, 3448 (2014). https://doi.org/10.1038/ncommsd448

[3] European Commission, Joint Research Centre, 2022, europa.eu/doi/10.2’
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l INTRODUCTION

Little progress has been accomplished in the clinical
translation of immunotherapy for glioblastoma (GBM). The
highly immunosuppressive tumour microenvironment (TME)
and the presence of GBM stem cells (GSC) are major
contributors to tumour growth and multi-treatment
resistance. There is the need for a multitarget approach that
can synergistically: disrupt multiple pathogenic pathways in
GBM/GSC and enhance the antitumour immune response
[1].

* CRISPR/Cas9 gene editing can correct mutations and delete
pathogenic genes, like oncogenes and tumour-regulatory
ones. However, its in vivo application can only occur if
subsidised with an appropriate delivery system [2].

W AIM

To develop lipid nanoparticles (LNPs) carrying CRISPR RNAs capable of in
vivo gene editing of GSC tumours, for in vivo immune targets therapeutic

target validation. CD47 and PDL1 were chosen as model targets.
1) Immune suppressive TME 2) Anti-tumour immune response
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l LNPs formulation and characterization
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B RESULTS

B LNPs characterization

N &°
Size (d.nm) PDI @C" & & Q\AV'
143.44+5.06 0.095 +0.03 Iml nCaso
Charge (mV)  mCas9/sgRNA EE (%)
435+0.76 89.95+3.96 IEI sgRNA

v'We formulated LNPs encapsulating mCas9/sgRNA (EE>80%) with particle size
<150 nm, optimal polydispersity (PDI<0.1), and neutral surface charge under
physiological conditions.

. In vitro gene editing & protein knockout
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. In vivo SNALPs distribution & mCas9 transfection
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v'LNPs were taken-up by tumour and |mmune cells in GSC TME. LNPs
efficiently transfected GSC tumours inducing Cas9 protein expression.

. In vivo CD47 & PDL1 gene editing
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2 days 10 days
v'LNPs increased immune cells infiltration in GSC TME. While gene editing was
confirmed for both CD47 & PDL1 groups 2 days post LNPs injection, only CD47
KO resulted in reduced tumour growth.

Control SNALPs

10 20
Days post tumour injection

. CONCLUSION LNPs capable of in vivo gene editing of immune targets in GSCs were developed. CD47 targeting induced
reduction in tumour growth in GSC orthotopic model suggesting that CD47 could be a potential therapeutic target for GBM immunotherapy .

References: [1] Nat Rev Cancer, 2020. 20(1): p. 12-25. [2] Biomaterials Science, 2022, 10.13: 3410-3432.
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Introduction [mol-%]

mRNA lipid nanoparticles (LNPs) are typically stored at frozen conditions. Z sSM-102 50
Lyophilization is one approach to improve their stability due to the
removal of water.

However, technical development of mMRNA-LNPs requires large amounts of
material. Therefore, we established polyA-LNPs as a surrogate for the
formulation and process development of mMRNA-LNPs. DMG-PEG2000

The most promising formulation was tested with eGFP-mRNA. Green

fluorescence protein (GFP) expression was maintained after lyophilization. polyA / eGFP-mRNA

Cholesterol

DSPC

Manufacturing process

(1) Dissolution (2) T-Mixing (3) Dialysis (4) Compounding (5) Filtration (6) Lyophilization

Y =g =y=]
=) =)

Citrate, Total flow rate: 20,000 MWCO; Total solid content: PVDF 0.2 um 300 pL per vial;
pH 4.0 15 mL/min Tris, pH 7.4 10% (w/v) s 2cc, type | glass

Results
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> Sucrose (Suc) is superior to trehalose (Trh) » Same range in size and polydispersity index > Fluorescence Activated Cell Sorting (FACS)
> Addition of T,-modifiers to reach higher T,’ (PDI) » Hela cells
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ABSTRACT MAINZ

» We present a surface modification strategy for lipid-based carriers Emphasis on quantification and optimization of reaction parameters

NHS-ester chemistry and bio-orthogonal copper-free click chemistry can be
performed under physiological conditions

« The functionalization can be divided into three main steps:

1. Azidation of the ligand of interest

Liposome membrane composition: 1:1:1 (eggPC : DOPE : cholesterol)
2. Conjugation of a short linker containing a strained alkyne to the carrier surface

) ) . . . . . The strategy will be transferred for example to extracellular vesicles (EVs)
3. The final click chemistry reaction between the ligand’s azide and the carrier’s

alkyne groups

APOA1-FUNCTIONALIZED LIPOSOMES AMINE GROUP QUANTIFICATION - FLUORESCAMINE ASSAY
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ABSTRACT

The PHOENIX Open Innovation Test Bed (PHOENIX-OITB) is focused on overcoming
the challenges of production of novel and innovative nanopharmaceuticals (NPs)
from lab scale to GMP quality and production, maximising bioavailability, stability
and manufacturing to allow their implementation in the medicine field.

PHOENIX-OITB is a non-profit, open and self-sustaining legal entity that works as a
Single-Entry-Point (SEP) providing its end-users transparent processes and procedu-
res as well as easy access to services and expertise needed to bridge the gap between
the bench and the bedside, i.e,, providing them with high quality services, capable of
Quality-Efficacy and Safety (QES) evaluation and production of nanopharmaceuticals
at large scales meeting the regulatory and GMP requirements.

METHODS

The PHOENIX-OITB has been structurally conceived, designed and officially registe-
red under the current on-going H2020 EU-funded project Phoenix (GA n° 953110)1. To
test the operative capacity of PHOENIX-OITB, five demo-cases of different NP types,
manufacturing methods and administration routes will be employed. Additionally,
two pro bono demo-cases will be launched and granted to external users to test the
services at relevant and operational environment.

— 1 HOW IT WORKS

PHOENIX concept & service strategies

PHOENIX offers solutions to overcome the biggest hurdle in the translation process
of most nano-pharmaceuticals — the so-called “innovation valley of death” situation.

The Single Entry Point of the PHOENIX-OITB
provides access to a consolidated net-
work of facilities, technologies, services
and expertise for all technology trans-
fer aspects from characterization,
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—— 2 WORK PLAN
Implementing ideas into action

WP1: Overall Sustainability & Business Development (Exploitation)
of the PHOENIX-OITB association
WP2: Quality Management

jjl’hoenix
WP3: Research and Development project wer

WP4: Production (Chemistry,
Manufacturing, Control - CMC)
WP5: Regulatory Support

overall sust

WP6: Marketing (Dissemi-
nation & Communication) ""“7;;:53

WP7: Project Management
and Coordination

RESULTS

Process transfer and method development for all five demo-cases are ongoing while
GMP production area is being constructed. The Pharmaceutical Quality Management
System (PQMS) is being established and all exploitation activities are being managed
and can be seen through: www.phoenix-oitb.eu. Furthermore, PHOENIX-OITB Open
Call for the granting of two pro bono demo-cases to external end-users has been
launched and applications are under evaluation.

mbourg Institute of Science and Technology, Luxembourg, " MyBiotech GmbH, Uberhefrn, Germany, ™ Grace Bio S.L, Barcelona, Spain

—— 3 DEMO CASES

Demonstrating scalability from prototype to
industrial manufacturing

To establish the operative capacity of PHOENIX-OITB, five demo-cases representative
of five different nano-pharmaceutical types, four different manufacturing methods
and three different administration routes will be employed to demonstrate and verify
the PHOENIX technologies in an industrially relevant environment.

1 Polymer-based diagnostic agent

2 Polymeric particle conjugates loaded with small peptides

3 oOral formulation of nanocrystals

4 Nanoliposomes loaded with an enzyme for intravenous administration
5 Antimicrobial nanovesicles for topical administration

—— 4 PHOENIX-OITB SERVICE PORTFOLIO

The PHOENIX-OITB service portfoliois divided into 5 different categories. Each category
includes a list of services, all of which together cover the different topics needed for the
development of nano-pharmaceuticals from early stage to entry into clinical trials.

Physico-Chemical Characterisation

Surface properties, Moisture/Dry, Mass, Size & Distribution, Structure, Morpho-

logy, Composition, Chemical stability, Particle concentration, Drug (API) release
kinetics, Free/Encapsuled API sterility

gl in vitro Characterisation
Composition, Bioactivity, Immunocompatibility, Immunoresponse, Extraction of

targeted cells, (A)cellular reactivity & cytotoxicity, Cell viability, Cellular structure,

Uptake & localisation, Inflammatory response, Endocytosis/Exocytosis, Sensitiza-
tion & Irritation, Cytotoxicity, Genotoxicity, Nanomechanical prop. of cells & tis-
sues, Dose metrics, Microbial evaluation, Transcriptomics, Metabolomics, Prote-
omics, Gene expression

in vivo Characterisation
Biodistribution, Hemocompatibility, Pharmacokinetics, Pharmacodynamics,
Acute, Sub-acute & Repeated, Dose systemic toxicity, Reproductivity toxicity

Manufacturing
D;ﬂ Manufacturing of liquid, semi-solid, solid nanoparticle formulations with a

special focus on extended release parenterals; lipid based formulations and
nanovesicles, liposomes, solid lipid nanoparticles, crystalline nanoparticles,
polymeric nanoparticles, inorganic nanoparticles; On-site lyophilization and fill
and finish capabilities.

Innovation

Training, Regulatory Support & Guidance, IPR & Business Support, QbD, SbD &
SSbD support

OUR TEAM

The PHOENIX team consists of 12 international partners distributed across 6 coun-
tries. The partners are from the following countries: Austria, Croatia, Germany, Lux-
embourg, Netherlands and Spain. All partners contribute actively to the project to
establish the service portfolio of PHOENIX to cover the whole supply chain leading to
GMP manufacturing of nanopharmaceuticals.
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A non-immunogenetic Polyethylene glycol derivative:
Improved immune evasion by introducing sterically demanding side chains
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Introduction:

PEGylation is the method of choice for improving the phar kinetics and phar i ics of bi lecule therapeutics due to the unique properties of polyethylene glycol e.g. the stealth effect

and biocompatibility.»2 As a direct PEG is indi ble for clinical dici Nevertheless, a prevalence of up to 72 % for anti-PEG antibodies (APAs) was reported in the general
pulation.? The i icity of PEG leads to a growing concern about the safety and benefits of PEGylation.*5 This results in the mandatory development of alternatives to PEG for medical

appllcatluns

In our group, we developed a novel approach of preserving the polyether class while randomly incorporating side chains to prevent antibody recognition.® The side chains act as random “point
mutations” in the highly regular PEG structure. In this work, we inserted isopropyl as a sterically demanding side chain to improve immune evasion while concurrently reducing the comonomer
content. This can be achieved via AROP of ethylene oxide (EO) with isopropyl glycidyl ether (iPGE). Statistical P(EO-co-iPGE) copolymers (iPEG) with iPGE contents < 20 mol-% and molecular weights up
to 6000 g/mol, were obtained (P < 1.10). These iPEGs show significantly reduced affinities against backbone selective anti-PEG antibodies and feature a tailorable ther i i
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Development and characterization of a syngeneic fibrotic hepatocellular carcinoma model
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Development of a hepatocellular carcinoma model

Hepatocellular Carcinoma (HCC) accounts for 90% of all primary liver tumors [1]. Cirrhosis, due to chronic organ damage, is characterized by a massive
accumulation of scared tissue in the liver and is the most frequent risk factor for HCC [2] [3]. But incidences of HCC are also increasingly observed in
patients with metabolic-associated steatohepatitis (MVASH) without cirrhosis [4]. Common murine models for HCC are lengthy and tumor load tends to be
heterogeneous as tumor induction takes around 20 weeks and less than 50% of mice bear tumors [5]. In this work, we introduce a rapid and easy-to-
handle injection model for HCC in cirrhotic and non-cirrhotic livers, which recapitulates histological and molecular key features of HCC in patients [6].
RNA-Seq analysis of HCC cells used in this work, namely Dt81Hepa 1-6, revealed that HCC hub genes (AFP, MCM3, SPATS2, NT5DC2, MCM6) were
significantly upregulated and tumor cells showed a distinct clustering compared to healthy hepatocytes (Fig. 1a). For the non-cirrhotic model, mice were
intrasplenically injected with Dt81-Hepa 1-6 tumor cells (HCC cells), while for the cirrhotic model, mice were gavaged with profibrogenic CCl, for 6 weeks
prior tumor cell inoculation. (Fig. 1b). After 4 weeks, inoculated mice developed tumors exclusively in their livers. Interestingly, livers of the cirrhotic group
had a significantly higher tumor load as indicated by higher liver weights (2.5-fold) and morphometric readouts of liver sections compared to non-cirrhotic
mice (Fig. 1c).
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Figure 1. Development and initial assessment of HCC mouse models. (a) Dt81Hepa1-6 cells were sequenced and HCC keygenes were found to be
upregulated. b) The HCC model was generated by intrasplenic injection of Dt81Hepa-1-6 cells. The fibrotic HCC model was generated by CCI,
administration for 6 weeks and subsequent injection of Dt81Hepa-1-6 cells. Livers from healthy mice or mice only administrated with CCl, were used as
controls. (c) Liver weight revealed tumor formation by substantial liver weight increase as compared to control livers. Furthermore, livers from the cirrhotic
tumor group had a higher tumor load as compared to livers from the non-cirrhotic tumor group.
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Figure 4. Clinical relevance of tumor models. (a) exhibits an overexpression of various ECM components, showcasing the ability of CCl, to
Clinically relevant HCC-marker alpha-fetoprotein provoke fibrotic reactions in livers. However, no change in vascular and fibroblast markers
(AFP) is expressed in sera of tumor-bearing mice was observed between healthy and fibrotic livers. (scale bars = 50 pym; violin plots are
and correlates with liver weight and tumorburden. expressed as area fraction % or volume fraction % for 2D microscopy and 3D multiphoton
(b) Fibrotic HCC mice displayed higher AFP microscopy respectively).

concentrations after 2 weeks. (c) Experimental
outline for Bevacicumab/anti-PDL1 treatment. (d)
Standard first line medication against HCC
inhibited development of tumor lesions.

Conclusions

We present two easy-to-handle murine models for HCC with high relevance for translational research. The two models resulted in robust cancer
development and were proven more time-efficient in comparison to current models. Furthermore, CCl, administration along with HCC cell injection
caused a fibrotic HCC model, which resembles how cirrhosis-derived HCC manifests in humans. The models reflect characteristics of human HCC
and showed a positive antitumor response to AtezoBev.

References: [1] Llovet et al., Nat. Rev. Dis. Primers, 2021 [2] Sofias#, De Lorenzi# et al., Adv. Drug Deliv. Rev., 2021 [3] Kaps et al., Cells, 2020. [4]
Xuancheng Xie et al, Nature Scientific Reports, 2022 [5] Galle et al., J. Hepatol, 2018. [6] Lacoste, Raymond et al., PLOS one, 2017.
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Figure 1. Design concept of the model nanoparticle with active targeting on the AT1R and CLSM images on the

Polymeric nanoparticles have been explored for many
years as innovative drug delivery and diagnostic systems,
often equipped with complex targeting concepts on their
surface to achieve the highest possible target specificity [1].
For this purpose, countless strategies for active targeting
have been discussed in literature, relying on both small
molecules and peptides as ligands [2]. Common to most of
these targeting approaches is that the initial surface contact
between ligand-functionalized nanoparticles and target or
off-target cells represents a key moment in the concept of
cell recognition and is decisive for the subsequent fate of
the particles [3].

The aim of our work is to characterize this initial contact of
ligand functionalized polymeric core-shell nanoparticles
with the surface of their target cells.

ed

Methods and Results

Quantifying the average number of ligands
per nanoparticle binding simultaneously to
cell surface receptors:

Number of binding ligands

0.5 x NATlR(NumberofAﬂR

Number of nanoparticles attached to
the cell membrane if the applied NP
concentration is equal to their K,

P Nyouna = Nig

Quantification of nanoparticles on the cell matrix
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Figure 2. lllustration of the implementation of a selenium ICP-OES / ICP-MS tag via redox reaction.
Size ct ization of the NPs and ion of the uniformity of selenium-embedding.
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K, value of the nanoparticles

Cheng-Prusoff equation:

K, - Equilibrium dissociation constant of the
ligand under investigation
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K, - Equilibrium dissociation constant of the
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[L] - Competing ligand concentration
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Figure 3. Binding curves derived from Fura-2 AM-based Ca’ mobilization assay in competition
with the agonist Lys-Ang Il and conversion of IC,, value via Cheng-Prusoff equation into K,
value.

Number of AT1R per cell
Radiochemical saturation binding assay (["HJUR-MK292 / a = 3.44 Tbg/mmol) [5]:
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Figure 4. Radiochemical saturation binding assay to determine the number of AT1 receptors
per cell performed on rat mesangial cells.
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Conclusi

We succeeded in developing an interlocking experimental set-up to
determine the K; value of our model particles and to quantify the
receptor number on the surface of the target cells. Currently, we are
working on the direct quantification of polymeric nanoparticles on the
cell matrix. Assuming complete binding of the nanoparticles to the cell
surface in the concentration of their K; value, as previous experiments
indicate, a preliminary value for the number of binding ligands could
already be calculated: 84 binding ligands per nanoparticle as lower
threshold of the average number. We expect to be capable of deriving a
final result from the overall view of the experiments.
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Polyethers, particularly polyethylene glycol (PEG), play a crucial role in modern medicine due to their non-toxicity and biocompatibility.('
PEGylation, the functionalization of active stical (APIs) with PEG, reduces immune reactions and extends API circulation
time in the bloodstream.? This phenomenon is known as the "stealth effect. "] However, anti-PEG antibodies (APAs) have been known since
the 1980s, causing adverse reactions to PEG in some individuals - ranging from accelerated blood clearance (ABC), negating the stealth
effect of the PEGylation, to hypersensitivity in the form of “pseudo-anaphylaxis”. -1

To address this problem, we would like to introduce "rPEGs," random copolymers of ethylene oxide (EO) and glycidyl methyl ether (GME).
These have side chains containing ethylene glycol units which could significantly reduce the immune
response to PEGylated APIs while preserving important properties like biocompatibility and aqueous solubility. Furthermore, by synthesizing
fPEGs through classic anionic ring-opening polymerization (AROP), the need for toxic catalysts is eliminated, making them suitable for

medical utilization
These advancements in rPEG synthesis and characterization offer promising materials for various medical and chemical applications. The
hope is that rPEGs could replace PEG in PEGylation processes, reducing immune reactions and encouraging safe use in medical settings

Still, further research is required to fully assess their safety and efficacy.
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Introduction

Nanocarrier-based vaccines enable the simultaneous transport of antigens and adjuvants for specific activation of the immune system for cancer therapy. In this context, the targeting
of dendritic cells (DCs), whose maturation can be induced and directed by specific adjuvants and which can prime naive T cells in an antigen-specific manner, is particularly relevant. To
induce complete B16 tumor remission, R848, a Toll-like receptor 7/8 agonist, was encapsulated in combination with the potent STING agonist diamidobenzimidazole (diABZI,
compound 3), in OVA nanocapsules. This adjuvant combination induced synergistic effects in vitro with respect to the expression of DC maturation markers as well as the production of
a broad spectrum of pro-inflammatory cytokines and chemokines. In particular, the induction of type | interferons, which are required for an efficient anti-tumor immune response, by
diABZI offered an advantage over the previously established adjuvant combination. In subsequent tumor studies, animals with OVA-expressing B16/F10 melanomas were cured by
triple injection of diABZI- and R848/diABZI-loaded nanocapsules. The nanovaccine was evolved by supplemental encapsulation of the melanoma-specific antigen tyrosinase-related
protein 2 (TRP2). This melanoma-specific nanovaccine elicited a significant reduction of wild-type B16/F10 melanomas. Another focus was set on the characterization of the NC-
induced immune response. The infiltration of different immune cells into tumor-draining lymph nodes and the tumor tissue in vivo was demonstrated. In particular, the anti-tumor
immune response was shown to be mediated by antigen-specific activation of CD8* cytotoxic T cells.

Material and Methods

Nanocapsules:
OVA-NC: Ovalbumin crosslinked by click chemistry
(containing Cy5-Oligo).

Mice:
Wildtype C57BL/6J were obtained from Charles River
Laboratories.

B16 cells:

The melanoma cell line was provided by TRON and
cultured in DMEM enriched with 10% FCS and
Blasticidin (10 pug/ml). The cell line was tested negative
for mycoplasma. 5*10% cells resuspended in 100 pl
were injected s.c. into the flanks.

Flow cytometric analysis:

Single cell suspensions were incubated with Fc-block (2.4G2) for
10 min at 4 °C and with monoclonal Abs for 30 min at 4 °C
(eBioscience: aCD11c-PE-Cy7, aMHC-II-eFI450, aCDB80-PE,
aCD86-FITC). Data were acquired with Attune NxT (Life Science)
and analyzed using Attune NxT software.

Cytometric Bead Array (CBA):

The LEGENDplex Anti-Virus Response Kit (Biolegend) was used
to quantify the amount of secreted cytokines/chemokines.

Primary immune cells of bone marrow and spleen:
All primary immune cells were obtained from C57BL/6J
mice, cultured and treated in specific cell culture media
and maintained at 37 °C, 7.5% CO,. In all experiments
the cells were handled under sterile conditions.
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« Encapsulation of other tumor-specific antigens (e.g. TRP1, MelanA/MART-1, gp100)
« NC surface modifications for DC targeting (antibodies or nanobodies)

« Combination with immune checkpoint inhibitors to enhance anti-tumor immunity (anti-PD1-Ab, anti-CTLA-Ab, anti-TIM-3-Ab)
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Polymeric micellar platform with controlled release kinetics for taxane and corticosteroid

cancer combination therapy
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[ Introduction ]
Nanomedicine-based combination therapy has demonstrated

great potential in cancer treatment.!!l Combining tumor = small Taxane o
microenvironment priming agents, such as corticosteroids, Wjﬂiﬁm BV +

. . [e] NH
with taxane chemotherapeutics has been recently shown to Medium Corticosteroid @

improve therapy outcome. 2 Here, we used mMPEG-b-

[T A a VoV v, W
p(HPMAm-Bz) block copolymers of different MWB! to Nanoprecipitation
prepare micelles of different sizes, and employed them for Large
co-loading taxanes and corticosteroids, with primary focus on
paclitaxel (PTX) and dexamethasone (DEX) combination. Copolymers Micelles
| Results )
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Polymers of 3 different sizes (namely, small, medium, and large) were synthesized and employed to prepare PTX and DEX co-loaded micelles. Size of the
micelles showed a positive trend as the molecular weight of the polymers increased. All micelles demonstrated narrow size distribution (low PDI) and
spherical shape. Both drugs were efficiently loaded in all the micelles (EE of 80 % and 90 % for PTX and DEX, respectively). Release studies under sink
conditions revealed higher drug retention in micelles constituted of larger polymers and an overall faster release of DEX as compared to PTX in all the cases.
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Two other pairs of taxanes and corticosteroid, i.e., docetaxel with prednisolone (DTX+PRD) and cabazitaxel with ciclesonide (CTX+CIC), were also
efficiently loaded into the micelles. Using micellar drug retention data from all three different pairs of taxanes and corticosteroids, we evaluated the
association between different structural and physicochemical properties of the encapsulated drug and its retention in the micelles. Our findings
suggested that hydrophobicity (log P) and molecular weight (MW) were found to be the main contributing properties.

[ Conclusions ]

* Inall the micelles, regardless of their size, DEX was released faster than PTX which is pharmacologically favorable.
* Hydrophobicity and molecular weight of the encapsulated drug strongly contribute to its retention in the micelles.
e The [MPEG-b-p(HPMAm-Bz)]-based micellar platform exhibits high tuneability and versatility for codelivery of taxanes and corticosteroids.
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These bi j ion approaches suffer from

e and may cause issues in biomedical applications. An ideal
ner onto the carrier.

nature of the underlying polymerization

aqueous solution results in the formation

ar platform is employed for versatile multivalent
a Tn and 2,3-ST antigen, in C57BL/6 mice.

Nanoplatform For Vaccine Development

iz Ny ELON

The human immune system is a powerful machinery, i y iali; on re izing and
eliminating nano-scaled pathogens of viral, bacterial or xenobiotic origin. For the design of fully
synthetic vaccines, supramolecular polymers can serve as well-defined scaffold to present relevant
tumor-associated structures to immune cells on their surface. Bioorthogonality of the conjugation
chemistry enables convenient, “last step” attachment of relevant pharmacological structures which was
successfully demonstrated for peptidic B-cell and T-cell epitopes as well as heterocyclic
i i No effects of city or it icity of the self- ing scaffold were
seen in the mouse model. The fact that each monomer bears only one cargo gives the chemists full
control on the total amount of active ingredients in the vaccine. Blending diversely loaded monomers
with different functional moieties and I ization in iological media is a
promising and modular approach to construct multivalent fully synthetic antitumor vaccines.
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Immunization Antisera Analysis

Multivalent Vaccine

Immunologic Cargo Co-assembly Nanoparticle

Self-Assembling Peptide Motifs
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Tumor-associated (TA) MUC1 is a glycopeptide and diagnostic marker for different epithelial malignancies like
mammary carcinoma, prostate, pancreatic or lung cancer. Besides its overexpression on tumor tissue, aberrant
glycosylation due to dysregulation of glycosyltransferases is observed. This leads to truncated short glycan side chains
resulting in the collapse of the peptide backbone. As a consequence of the defect glycan-shielding the peptide
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Triazine branched nonaphenylalanine based monomers bearing structure can be accessed and recognized by immune cells.
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Five C57BL/6 mice were immunized with a vaccine comprising MUC1 B-cell epitope!®), Ttox p30 Th-cell epitope and
TLR7/8 ligand decorated FM- together with SM+. After 3 boosts the sera were collected from the tail vein of the mice
and analyzed for antibodies directed against TA MUC1. We found robust titers of all antibody classes whereas 1gG
memory-related type was dominating. Furthermore a significant level IgG2c antibodies was detected. The latter are
capable to induce antibody dependent cell-mediated cytotoxicity (ADCC) due to the recruitment of NKs, Ms and DCs
via Fc of the corr ing i in. The ication of unbound epitopes resulted in significantly lower IgG
titers ing the power of the supr approach.
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Proteomics-guided intracellular trafficking
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corona changes and the intracellular pathway
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INTRODUCTION

Upon the contact of a nanocarrier with a biomolecule-containing fluid, biomolecules can adsorb murine dendritic cell line DC2.4. Besides using conventional methods to investigate the uptake
spontaneously to a nanocarriers” surface, forming a so called biomolecular corona, also and intracellular trafficking of the nanocarriers, such as flow cytometry, transmission electron

described as protein corona when investigating adsorbed proteins [1, 2]. The intracellular protein microscopy (TEM) and confocal microscopy (cLSM), we highlight the use of quantitative LC-MS
corona (IC-PC) remains poorly investigated within the field of nanotechnology-biology (nano-bio) proteomics as a powerful tool to study the IC-PC profile in detail. We demonstrate a time-
interactions. dependency of the IC-PC formation that served as an effective fingerprint to reconstruct the

Here, we established a protocol to isolate the IC-PC of two different iron-oxide nanocarrier, intracellular trafficking routes. Since the IC-PC defines the direct molecular contact partners of the
namely commercial hydroxyethyl starch nanoparticles (HES-NPs) and in-house produced human nanocarriers, its detailed characterization may provide new targets for further drug development.
serum albumin nanocapsules (HSA-NCs) and compared its evolution after the uptake in the

METHODOLGY & RESULTS
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CONCLUSIO

= Successfull establishment of a workflow to isolate the intracellular protein corona (IC-PC) from two different magnetic ironoxide nanocarriers.

= By LC-MS assisted proteomics we demonstrated a time dependency of the IC-PC profile with a more stable IC-PC for the HSA-NCs compared to HES-NPs. This is in
accordance with the rather fast uptake for HSA-NCs compared to HES-NPs as measured by flow cytometry.

= The enriched proteins were subjected to annotation analysis to extent the proteomic dataset in the context of intracellular trafficking. We found that some proteins served as
an effective fingerprint to allow for a detailed intracellular pathway reconstruction that complement the results from the conventional methods (cLSM, TEM, flow cytometry).

= The experimental strategy, as presented in this study, will prove beneficial when investigating altered intracellular routes through nanomaterial modification and targeting.

[1] M.P. Monopoli, C. Aberg, A. Salvati, K.A. Dawson, Biomolecular coronas provide the biological identity of nanosized materials, Nature Nanotechnology 7(12) (2012) 779-786. @ o106

2] N.D. Donahue, H. Acar, S. Wilhelm, Concepts of nanoparticle cellular uptake, intracellular trafficking, and kinetics in nanomedicine, Advanced drug delivery reviews 143 (2019) 68-96.
[3] B.T. Sherman, M. Hao, J. Qiu, X. Jiao, M.W. Baseler, H.C. Lane, T. Imamichi, W. Chang, DAVID: a web server for functional enrichment analysis and functional annotation of gene lists (2021 update), Nucleic Acids Res (2022).
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Abstract

Surface-functionalized gold-coated superparamagnetic iron oxide nanoparticles (Au-SPIONs) may be a useful tool in intravascularly delivering drugs towards
atherosclerotic plaques. To obtain Au-SPIONs, gold salt was precipitated onto citrate-stabilized SPIONs (Cit-SPIONs) using a simple, aqueous one-pot technique
inspired by the Turkevich method of gold nanoparticle synthesis. By the further stabilization of the Au-SPION surface with additional citrate (Cit-Au-SPIONs),
controllable and reproducible Z-averages enhanced longterm dispersion stability and moderate dispersion pH values were achieved. Cit-Au-SPION
concentrations of up to 25 pg Fe/mL for 48 h showed only minor cytotoxic effect on HUVEC cells. Furthermore, HUVEC cells avidly internalized the gold-coated
SPIONSs in large quantities. Thus, we were able to magnetically guide and accumulate the cells under arterial-like flow conditions.

Gold-coating of citrate-stabilized SPIONs
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Conclusion
— SPIONs were coated by gold and stabilized by citrate resulting in Cit-Au-SPIONs with
reproducible size as well as enhanced stability.
—> Cit-Au-SPIONs show low cytotoxicity on HUVEC cells after 48 h at up to 10 pyg Fe/mL.
5 — HUVEC cells take up Cit-Au-SPIONSs in large quantities.
@ A I»‘ s of GitA s'inlow e '”fku, e ‘' . () Label —> Loaded cells can be magnetically guided and accumulated under flow conditions.
a, nalysis of It-Au-! particle uptake via 'S measurement, abel-
free detection of particle accumulation in HUVECs using Nano-Live 3D cell — Outlook: Usage of thiol binding motif on gold to develop a magnetic drug targeting (MDT)
| imaging system. Both analyses, (@) and (o), were done after 24 f of particle | | system which carries drugs towards atherosclerotic plaques.
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/ Introduction \ / . \\
In the past decade, mesenchymal stem cells (MSCs) have been Tumor Tr°p!sm

derived to track down and destroy malignant cells taking
advantage of their tumor-tropic property. However, the cargo for Mesenchymal ¢

such transportation is not that easy to construct. Only non-toxic :%cswﬂejf 7 5 P
bio-friendly and trigger-activatable materials could be used as ‘\i\:»u
cargo, including photosensitizers (PSs), core-shell quantum dots e d

(QDs), and rear-earth doped upconverting nanoparticles (UCNPs).

Aim of the study

- , . Mesenchymal stem cells have specific receptors for binding
To evaluate the capability of MSCs' to transport the theranostic chemokines released by tumors. After the chemokine signaling
cargo (QDs-PS and UCNPs-PS) towards human breast cancer ¢ :

ells . R .
MDA-MB-231. mesenchymal stem cells migrate towards the chemokine gradient
(tumor).
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/ Conclusion

» Theranostic MSC-Nano-Vector was created
by the natural 24-hour uptake of QDs and
UCNP-Ce6.

» MSCs are capable of QDs and UCNPs-Ce6
transport toward MDA-MB-231 cancer cells.

» UCNP-Ce6 changes the migratory potential
of MSCs by a 4.5-fold increase compared to
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Microfluidic device for the investigation of nanoparticle

o dynamics in the healthy and diseased state of the
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Yael del Carmen Sudrez Lopez and Alexandra Teleki
Department of Pharmacy, Science for Life Laboratory, Uppsala University, Uppsala, Sweden
E-mail: yael.suarez@farmaci.uu.se Website: https://telekilab.org

SciLifeLab

Objective Development of a microfluidic device that mimics the healthy and diseased states of the gastrointestinal tract (GIT) to study
the impact of fluid composition on nanoparticle (NP) stability, aggregation, and protein corona formation in different GIT regions.

Nanoparticle synthesis and characterization
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| [l Wavenumber [cm™] Water FasSGE
FaSSIF FaSSCoF
Figure 2. (a) X-ray diffaction pattern confirms a
maghemite crystalline phase. (b) Fourier-transform Table 1. {-Potential of y-Fe,O5 NPs in
2 1.5 g of NPs infrared spectroscopy spectrum of SPION. The peak different simulated media.
produced in 15 min at 1096 cm™' confirms the coating with SiO,.
(c) Hydrodynamic diameter measured by dynamic Media {-Potential (mV)
CH4 O2 light scattering of SPION in water (blue), fasted Water -35.6
simulated gastric media (FaSSGF, green), small
SPION precursor intestinal media (FaSSIF, yellow), and colonic media FaSSGF 8.5
Figure 1. Flame spray pyrolysis synthesis of (FaSSCoF, orange). FaSSIF -18
silica-coated superparamagnetic iron oxide FaSSCoF 257
(y-Fe,03) nanoparticles (SPION).

Development of a microfluidic device to mimic the GIT

1 Micromixer selection
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Figure 3. (a-b) Quantification of fluorescence intensity to calculate the relative mixing index (RMI)'. (c-f) RMI vs

channel position throughout 4 different commercially available micromixers at equal input flow rates (10, 40, and 80
pL/min)
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N = number of pixels Figure 5. (a) Sketch of modular microfluidic device. (b) Hydrodynamic diameter measured by dynamic light
| = Intensity of pixels scattering of polysterene nanoparticles through the modular microfluidic device.
s o e Start
=z ® After module 1
Conclusions g 1w After module 2
g 8 After module 3
» SiO,—coated y-Fe,O; NPs were produced in a single step by FSP. g 6
» According to the relative mixing index, the long herringbone micromixer had the best = 4
mixing efficiency (>96%). g
» The behaviour of SPION in more complex simulated media in the healthy and diseased £ 2
state will be tested in future experiments. % 4
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Comparative study of adjuvants and their synergistic potential for the
stimulation of dendritic cells (DC) and liver non-parenchymal cells  ° UNIVErsiTATsSmedizin.
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Background Aim
Liver non-parenchymal cells (NPCs), comprising }"' LY P
papton ..j‘

protein elpﬂu\e

Kupffer cells (KC), dendritic cells (DC) and liver Common nanovaccines
sinusoidal endothelial cells (LSEC) exert tolerogenic

- Tumor tolerance? - anti-tumor responsa
activity by default. i ctonot e  pomzcnnct

3 ,
Liver NPCs express receptors to which = - r.."\e aeprrane
nane-particles (NP) can bind: _ﬁ : e s .o

ol L

Fe receptors (antibodies) g

gy
CD206 (mannose) ﬁa;’?(i
L

oo

o ¢
8 2

CD209 homologs (trimannose)
Scavenger receptors

Therefore, our project, besides targeting /
Systemically applied NP most often bind to tolerance- activating DC in secondary lymphoid organs,
inducing liver NPCs,which may counteract the induction st . e aims to actively reprogram liver NPC towards
of anti-tumor responses (by DC) in spleen/lymph nodes. a T effector cell-inducing immuno-phenotype
by applying adequate adjuvants.

Nucleic acid-based Adjuvants ’ Other Adjuvants

Adjuvant Agonist

« synthetic oligonucleotides that contain unmethylated CpG dinuclectides (CpG motifs) R848 TLR7/8 ; \:‘.;“

. i ¥ i i = cGAnP
such motifs are present at a 20-fold greater frequency in bacterial DNA compared to coamp STING o
mammalian DNA

= ReBoly (1 C)
CpG motifs are recognized by TLRS Poly(:C) TLR3
B

= Contiol

B9 R84BrCGAMP
B Poly (1 C)+<GAMP
enct cncz Lsi

-
. . <
Figure 3. Adjuvant enhance CD86 in dendritic cells (DC) and in liver sinusoidal endothelial cells
(LSEC). Liver non-parenchymal cells (NPC) were incubated o.n. with adjuvants (5 pg/ml). On the next day,
£l 00 280 “

expression of CD86 was assessed by flow cytometric analysis. Data represented are the means + SEM (n = 4)
Significant different compared to the control: no significant difference (ns); * p < 0.05; ** p <0.01; *** p <0.001; *** p
<0.0001. (One-way ANOVA)
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* conc s Figure 4 . Cylokine concentrations were assayed by CBA. Data represented are the means + SEM (n = 4), Significant
Figure 1. CpG oligos enhance MHCII and CD86 expression FLT3L and GM-CSF differentiated BMDC. (A) GM-CSF or (B) different compared to the control: no significant difference (ns); * p < 0.05; ** p <0.01; *** p <0.001; **** p <0.0001.
FLT3L diffentiated BMDC were incubated with different concentrations of CpG oligos (50, 100 or 250 ng/ml) or the TLR (One-way ANOVA).
748 ligand R848 (1 g/mi). On the next day. expression of MHCII and CD86 was assessed by flow cylometric analysis OT-I (CD8+) OT-I (CD4+)
Graphs denote the intensities (MFI) £SEM of 4 of marker
INF-g TNF-u IL-10
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Figure 2. CpG oligos enhance proinflammatery cytokine release of FLT3L differentiated BMDC. BMDC were incubated o.n. wil
€pG oligos. Cytokine of culture were by CBA (mean+SEM of 2-3 experiments)

Gytoiine [pgimi]

GREY —ow
Figure 5. DC and T-cell co-cultures stimulated with adj and O in led to enhanced levels

of T-cell proliferation. Data represented are the means + SEM (n = 6). Significant different compared to the centrol: no
significant difference (ns); * p < 0.05; ** p <0.01; *** p <0.001; **** p <0.0001. (One-way ANOVA).

Conclusion

Nucleic acid-based adjuvants Other adjuvants:

Qutlook

- Functionally active CpG oligos (ODN1585 and ODN1826) were « R848, cGAMP and Poly (I:C) were the * Test CpG oligos in combination with OVA as model antigen in co-
identified for dendritic cell populations most potent adjuvants once incubated cultures with T cells from OT-| and OT-Il animals.

) with NPC population. Combinations of
- In case of liver NPC and splenocytes (not shown) ) these adjuvants showed synergistic + Development of lipid-based nanocarriers for the encapsulation of
:cli‘il\\/l; t|5:n5m 2?;‘5:35 and ODNSLO03 enhanced upregulation of effects both regarding activation OVA-encoded mRNA in combination with selected adjuvants

3 - . markers (CD86, CD80) and cytokine
» SLO03 was identified as optimal performer secretion.
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Intelligent single-atom nanozymes for effective and safe therapy of

inflammatory diseases in pregnancy
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'Empa, Swiss Federal Laboratories of Materials Science and Technology, Laboratory for Particles-Biology interactions,
Lerchenfeldstrasse 5, 9014 St. Gallen, Switzerland
’Department of Polymer Science and Engineering, Zhejiang University, China

I Introduction NN

Gestational inflammation is pivotal for an uncompli-
cated pregnancy. Nevertheless, aberrant inflamma-
tion can lead to obstetric complications (1). Large
body of evidence demonstrates a significant contribu-
tion of the placenta in the development of many
pregnancy disorders (2). Conventional therapies
(NSAIDs, antibiotics) to treat inflammatory diseases
during pregnancy raise questions about their safety
and efficacy. In addition, there is increasing concern
that such therapies can be drivers of obstetric compli-
cations or induce adverse health effects in later life.

H,TCPP PCN224 Mn?* Mn@PCN224

Table 1: Physicochemical properties of Mn@PCN224 SAzymes.

\ll SAzymes Size + SD Zeta potential | SOD ac
(nm) in ddH,0 | (mV) in ddH,0 | (%)

Aim: Development of safe and effective nanothera-
peutics to treat gestational inflammatory diseases.
We will engineer nanoparticles bearing enzymatic
activities (nanozymes) with antioxidant properties
and further endow them with a micro-environment B =

responsive antimicrobial coating. Figure 1: TEM images of Mn@PCN224 A) 90 nm, B) 208 nm.

Mn@PCN224 1.7 90 + 2 18 80
Mn@PCN224 24 208 +8 24 84

Placenta Barrier Integrity
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Figure 2: In vitro placental barrier integrity (BeWo b30 — HUVECs co-culture model) after exposure to 90 nm and 208 nm Mn@PCN224 for 6 and/or 24h, assessed with A) NaF exclusion assay and B) Immunocyto-
chemistry. A) Cell medium and Triton-X 100 (0.2%) were used as negative (0 pg/mL) and positive control (+C), respectively. The results are presented as the mean of minimum three independent experiments + SEM.
ID: Initial Dose. B) Confocal micrographs of BeWo b30 / HUVECs on microporous inserts stained for DAPI (blue, nuclei), tubulin (red, microtubules) and ZO-1 (green, tight junctions). Magnification: 63x.

I Cell Membrane integrity NN I Conclusion NN

Our first SAzyme product is a Porous

Coordination Network 224 (PCN224)

1500 nanomaterial with encapsulated Mn?*
=3 6h =3 24h ,ﬁ' (Mn@PCN224) displaying Superoxide

1000 Dismutase (SOD)-activity. Preliminary
toxicity studies demonstrated no barrier

500 o integrity or cell membrane impairment
by Mn@PCN224 in in vitro tropho-

%g blast-endothelial cell co-cultures. These
preliminary results suggest a high

1500
3 6h 24h skkk

1000

i
155 *k Kk
cytocompatibility profile of SAzymes in

R T TP N S SO S o) D S S Y ® O

X ° L. al & QQQ Q&Q * X 8 L. i L &QQQ&“ * vitro. Further research is ongoing to
90 nm 208 nm 90 nm 208 nm investigate sub-lethal and long-term
B P _—— wati L effects of Mn@PCN224 on placenta
h@ oncentration (ug/mL) functionality and along with the assess-
Figure 3: Membrane integrity of A) BeWo b30 and b) HUVEC mono-cultures after exposure to 90 nm and 208 nm Mn@PCN224 for 6 and 24h, assessed with ment of cell uptake, accumulation and

LDH assay. The negative control (0 ug/mL - cell medium) was set to 100% LDH release. Triton-X 100 (0.2%) was used as positive control (+C). PB: Particle blank: ~ translocation  patterns across  the
cell-free inserts with 100 pug/mL of SAzymes. Results are presented as the mean of three independent experiments + SEM. feto-placental interface.

LDH release (% of untreated control)
LDH release (% of untreated control)

>

Mn@PCN224 Concentration (ug/mL)
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Current available treatments for ALS are limited to increased
survival with minimum improvement in patients’ quality of life.
The ‘hunger hormone’ ghrelin has attracted attention for ALS
therapy due to its neurogenic and neuroprotective effects.
Nose-to-brain (N2B) route has been shown to increase brain
uptake of therapeutics; beneficial for treating CNS diseases.

Smart self-assembling and shear-thinning hydrogel may increase
brain uptake of ghrelin using the nasal route.

OBJECTIVES

To formulate ghrelin into self-assembling nasal gel system and assess
brain uptake following intranasal administration as a potential therapy
for ALS.

Self-assembling nasal gel for enhanced delivery of ghrelin to the

central nervous system for amyotrophic lateral sclerosis therapy
Rifka Nurul Utami', Shunping Han', Julie Wang', Jemeen Sreedharan2, David K. Smith?, Jeffrey S. Davies*,

linstitute of Pharmaceutical Science, Faculty of Life Sciences & Medicine, King's College London; ZInstitute of Psychiatry,
Psychology, and Neuroscience, King’s College London; 3Department of Chemistry, University of York; “Molecular
Neurobiology Group, Institute of Life Sciences, School of Medicine, Swansea University

INTRODUCTION RESULTS

1) HPLC chromatograms showing that ghrelin remains stable after
incorporation into the nasal gel formulation

Hydrogel
component

%Ghrelin
=111.09%*
]

0
+ u 5 0 15 20
-200
Tme (min)

2) Brain uptake of ghrelin at 10
min following different routes
of administration

20
500 Time (min)

*Calculated based on standard curve of

ghrelin

3) Time-function brain up-take
of ghrelin following intranasal
administration of Ghr-HG
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following different administration routes after 10 minutes
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v “Smart” self-assembling hydrogel system for i.n. administration
containing ghrelin was successfully prepared.

v I.n. administration of Ghr-HG resulted in higher brain accumulation
compared to iv. Ghr and in. Ghr-CMC at 10 minutes post
administration.

v Brain region-specific distribution results showed accumulation in
olfactory bulb in the i.n. groups, proving the occurrence of nose-to-
brain transport.

v Brain level of ghrelin following i.n. Ghr-HG administration peaked at
10 minutes, but the activity diminished after 30 minutes.

v Multiple administration of Ghr-HG on ALS-FTD mouse model for two
weeks was well-tolerated.

Animal weight and food consumption

Brain immunohistochemistry

monitoring

for neurogenic markers
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Introduction —eoreota S on Proteomics

Research has shown that the complement activation **?:/“?gﬁ éNa‘
PG P
| pathway caused by liposomes is different depending I o jZLO =% Mass Identification + |
S/ bt - T - - -
P P a a4 3 . () pectrometry Anal- ~
- on the charge ( anionic or cationic)!. Moreover, the /mﬁmgo [P by alysis L~
. PS )
molecular group seems to be relevant regarding the o
immune activation profile®. For that reason we coated /m:cw o H . £ 2,5x10 hsenos
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z — oorap Fig 3. On the left, the protein gel of the particles’ corona with Coomassic blue staining. The bands that
18 were cut to perform in-gel proteomics are indicated in yellow. On the right, representation by intensity
g of the most predominant proteins in the 60kDa band.
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measured with DLS. SO #e gl S0 NP g fend)
150 "
s ooea oo Fig 4. Image from Fedeli C. et al. Nanoscale 2015, 7(42) , 17710. Macrophage uptake of silica

nanoparticles pre-incubated with FCS and FCS + HRG. In graph D, the nanoparticles are incubated
with Human Plasma ( HP), HP + HRG and FCS.

Protein Corona Studies \ * The presence of a protein corona around the nanoparticle decreases the

uptake by the macrophages.

60% Human ¢ When added HRG the uptake is highly decreased compare to just FCS

Serum o —

Gel Staining / Conclusions \

Incubation Washes .
Loading
37 I . . .
g = « The cationic coating (DOTAP) presents different protein profile than the

€ s = € - - L
8 szt H £ S e 2 3 anionic one (DOPG).
A .SE8R8E&8% 7 . S 888 % . . .
Ea g E 25828 £a 82828223 « Between the negatively charged coatings, DOPS shows more differences
£5383 38R 25388 8&¢¢E¢Q

in their protein corona profile.

DOPG coating might shield the nanoparticle from the macrophages due to

N

the HRG presence in the protein corona. /

Future Work

Coat silica fluorescent nanoparticles for internalization studies.

aal-n saBpassss

Shotgun proteomics to determine the identity of different corona proteins.

Further studies of different coating and their influence on the immune
Fig 2. Protein gel of the particles' corona with silver staining. On the lefi, 15%
Acrylamide gel and a 10% Acrylamide gel on the right. The bluc boxes highlight the

differences in the protein profile. \ response. /
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Theranostics enables the simultaneous detection, drug distribution, and therapeutic response
evaluation, ultimately leading to the development of precise medicine. We aim to develop
highly stable theranostic LNPs (TNPs) with the incorporated hydrophobic drug ellipticine

(EllieTNPs) for real-time tracking using MRI. Ellipticine has high efficacy against various cancer

types, minimal toxic side effects, and absence of haematological toxicity.

RESULTS Ellipticine
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Physicochemical characterisation of theranostic EllieTNPs and 150

imaging TNPs: Fig. A-B) combination of injection method with extrusion | TNPs Elli@TNPs
provide uniform (Pdl < 0.1) TNPs with diameter around 125 nm and
EllieTNPs up to 100 nm and have neutral charge (Fig. C). & 1001
>
F s o
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CONCLUSIONS

Elli@TNPs Elli@TNPs 3x TNPs TNPs 3x—@— Control

In vitro and in vivo evaluation of EllieTNPs as drug carrier: o EllieTNPs and TNPs have uniform size and
Fig. D) MTT assay revealed cytotoxic profile of EllieTNPs, while TNPs neutral charge.

were fully non-toxic. Therefore, cytotoxicity can be fully attributed to e TNPs are highly biocompatible and
the payload (Ellipticine). Fig. E) cellular uptake of EllieTNPs by MDA-MB- toxicity of EllieTNPs is related to Ellipticine.
23] cells, Fig. F) EllieTNPs have therapeutical potential for treatment of e Our TNPs proved to be promising drug
CT26 tumours. Survival of mice were prolongated compared to control carrier.

or empty TNPs. o MRI biodistribution studies are ongoing.
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(a) The cytotoxicity, and the apoptosis level of different liposomes treated cells based on annexin V-FITC/PI l::.“’“” °"m‘°»“° sv“ w
staining (b) , and by Apaf-1 Western Blot analysis (c). (d) The average tumor volume after 14 day treatment on ot
4T1-mice model. CL: blank liposome; Cyt C: Cyt C loaded liposome; LND: LND loaded liposome; Cyt C&LND: Cyt C

and LND co-loaded liposome; LinTT1: LinTT1 modified Cyt C&LND co-loaded liposome.

A biomimetic dual-drug loaded lipid nanocarrier enhances
apoptosome assembly for cancer therapy

Shiqi Wang*, Huijie Han, Jie Chen, Jiachen Li, Alexandra Correia, Raquel Bartolo, Mohammad-Ali Shahbazi,
Tambet Teesalu, Wenguo Cui, Hélder A. Santos

*Division of Pharmaceutical Chemistry and Technology, Faculty of Pharmacy, University of Helsinki. Email: shigi.wang@helsinki.fi

Cancer cells develop various mechanisms to escape apoptosis via

interrupting apoptosome assembly, a key step to initiate apoptosis. ~ PSPEPEG  Cardicliein | Cytochrome ©
This promotes tumorigenesis and drug resistance, and thus, poses a ) eees™s, | @ i
great challenge in cancer treatment. Lipold §100  .LiTT4 Liposome

Our goal is to promote apoptosome formation and the subsequent
cancer apoptosis by developing a biomimetic liposomal formulation,
co-loaded with a pro-apoptotic protein Cytochrome C (Cyt C) and a
glycolysis inhibitor lonidamine (LND). Cyt C is a major component of
apoptosome, while LND modulates the metabolic activity to sensitize E"";s""’e |
the cells to Cyt C-induced apoptosis. We further conjugated a tumor \ L""“’a'“"“;oﬁgmc Rt vation
homing peptide, LinTT1 on the liposome, to increase tumor

accumulation and the efficacy of pro-apoptosis cancer therapy.
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und & Objectives

Lipid nanoparticles (LNPs) are designed to deliver various types of RNA for therapeutic purposes and induce an antigen specific immune response. They have shown promising
results, not only with the success during the pandemic, but for a wide range of applications. However, many structural features and their implications on in vitro and in vivo efficacy
still remain unclear. In this study, small angle X-ray scattering (SAXS) and other physicochemical characterization methods were utilized to elucidate structural changes induced by
variation in particle composition. Permutations from combinations between two different well-established ionizable lipids (DODMA vs. Dlin-MC3-DMA (MC3)) together with
phospholipids comprising either a -PE or a -PC headgroup (DOPE vs. DOPC) and two different stealth moieties (PEG vs. polysarcosine (pSar)) were investigated. To correlate
structural and functional properties, the biological efficacy of those formulations was tested with different in vitro assays on human peripheral mononuclear blood cells (hPBMCs).
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Structural characterization of LNP formulations wi
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Basic _concept of SAXS measurement: X-Ray beam is emitted from
synchrotron and is scattered by the LNP sample in a flow-through capillary.
Scattered light is detected and converted in a scattering profile (as shown right).
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Results of structural investigation via SAXS:

A. SAXS patterns of different LNP formulations in phosphate buffer (pH 4.5, light blue) and application buffer (pH 5.7, dark
a blue). Formulations are displayed according to their composition with PEG-grafted LNPs (left) and pSar-grafted LNPs (right)
q (nm™) and their ionizable and helper lipid being displayed right to the scattering patterns. Scattering patterns are vertically shifted for
better visualization. B. Comparison between LNP formulations in d-spacing, correlation length and Porod exponent.
Investigated pairs generated with formulations only differing in one lipid component (ionizable lipid (left), helper lipid (middle),
stealth lipid (right)). While DOPE and MC3 containing LNPs show denser internal packing, functionalization with pSar leads to
lower Porod exponents and therefore higher surface roughness, without influencing internal structure.

NP formulations in hPBMC

Analysis of SAXS data: SAXS patterns are dominated by a single peak at
around 1 nm”. Lorentzian fitting allows insight in repeating unit length
(d-spacing) and long range order (correlation length). Analysis of exponential
decay in low q region indicates overall particle shape and surface properties.

~ 80+
=,
W 607 = Monocytes
f 3 40 1 Beels
o 20 1] = NK cells
T 2 15 mm CD4+ T cells
RECRCES o | CDB+ T cells
— — : T o1
Methodology of transfection studies: LNP formulations, containing Thy1.1 encoding mRNA were >
added to hPBMCs. Transfected cells express Thy1.1, a highly conserved membrane glycoprotein. Flow ﬁ 5+
cytometry analysis is used to screen the transfection efficiency of each LNP formulation.
0 S
100 N Monacytes N 1 | 3 5 | 7 2 | a4 6 | 8 -
a0 cc mANA - 100 = 100 ng Helper lipid| DOPE_| DOPC_| DOPE | DOPC | DOPE | DOPC | DOPE | DOPC
IS 4 ’ = G "
S o a. o & 250ng '°“"I?".': DODMA mc3 DODMA mc3 buffer
= 3 - 3 500 ng 1pi
® a0 § = 1000 ng Stealth lipid| PEG pSar
g I:> o w0 = 2000ng PEG-grafted lipid: C16-PEG2000-Ceramide, pSar-grafted lipid: BA12-50.
20 E’ 20 Al particles additionally contain Cholesterol and have an N/P ratio of 5.
£
o N as 0.4 As 2 Transfection studies on hPBMCs:
@‘V&;&;‘Sy’\;;&"g’\;{“ v)e‘ \;{J In vitro transfection efficacy of LNP formulations at a dose of 1000 ng in hPBMC cell populations.
Monocytes show highest transfection rates. Respective lipid composition is displayed in the table at the

In vitro tolerability and dose-dependency of LNP formulations: All LNP formulations show cell  pottom. MC3 and DOPE containing LNPs show better transfection than DODMA and DOPC containing
viabilities at or above 90% in all tested doses (10-2000 ng). Dose-dependent transfection of monocyte  counterparts. Also pSar as stealth moiety leads to higher transfection than in PEG counterparts for
sub cell population was observed for all formulations. monocytes.

Conclusio

SAXS analysis enabled a sensitive determination of the influence of respective lipids on LNP internal and overall structure. We observed certain compositional
and structural ‘fingerprints’ of LNPs which led to improved transfection efficacy in the investigated cells. LNPs comprising MC3 as an ionizable lipid, DOPE as
helper lipid and pSar as a stealth moiety showed increased fractal dimension and packing density. Interestingly, these formulations obtained the highest activity
in vitro. A deeper understanding of these relationships can be highly valuable for development of safe and efficient delivery systems and implementation of
quality control measures.
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Introduction & Method

Non-alcoholic fatty liver disease (NAFLD) is a spectrum of chronic liver disease caused by excessive fat accumulation in the liver, with a
prevalence of up to 40% in the United States and in Singapore. NAFLD can progress to a more severe form known as non-alcoholic
steatohepatitis (NASH), which is characterized by liver inflammation and fibrosis, and can ultimately lead to cirrhosis and liver cancer. Currently,
efficacious drugs reversing the various forms of this disease are not yet available. Clinical studies have linked ceramides, a type of
sphingolipids, to the development of NASH, however, their pathogenic contribution to NASH remains largely unexplored. In this study, we
identified a ceramide synthesis pathway that is highly upregulated in a cohort of NASH patients and several clinically relevant NASH animal
models. Employing the DLin-MC3-based lipid nanoparticles (LNP) for siRNA delivery, we achieved effective knockdown of ceramide synthesis
enzymes in the liver and lowered both hepatic and circulating ceramides in animals. Intravenous administration of LNP-siRNAs on a regular
basis remarkably improved animal lipid profiles and ameliorated NASH disease progression, including steatosis (hepatic lipid accumulation),
inflammation and fibrosis. Apart from biochemical and histological evidence, the therapeutic efficacy was also confirmed by our recently
developed myeloperoxidase-responsive T, and T, switchable magnetic resonance imaging (MRI) approach. To conclude, this proof-of-concept
study demonstrates the feasibility of LNP siRNA system for the treatment of metabolic diseases.
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Lowering hepatic ceramides via LNP mediated siRNA

knockdown prevents NASH progression in mice. |
In addition, the therapeutic efficacy was also confirmed by |
our recently developed myeloperoxidase-responsive T1 I
and T2 switchable MRI approach ,
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U INTRODUCTION

Gene therapy works by introducing a stable and inducible transgene
that will correct or delete the defective gene leading to a correction in
the disease status.

The clustered regularly interspaced short palindromic repeats

(CRISPR)/Cas9 technology has recently emerged as a powerful tool for

targeted genome editing [,

* Non-viral system, such as lipid nanoparticles (LNPs), has become an
attractive delivery platform for CRISPR-mediated genome editing due
to its cost-effectiveness, low immunogenicity and application flexibility.

* LNPs capable of efficient gene-editing can be potentially used in

multiple brain disorders which currently lack effective therapies, for

improving drug delivery to cellular targets both at and across the

blood—brain barrier (BBB) 2.

Target Gene Knockout
X

chison
m.n,-.;_“‘w,ﬂ“ ‘ §

,{‘ e

a AIM
To study brain distribution and gene-editing
efficiency of Stable nucleic acid lipid particles
(SNALPs) after intravenous (i.v.); intracranial
(i.c.) and intranasal (i.n.) routes of
administration to Rosa26-Cas9 knock-in mice

expressing GFP.

U METHODOLOGY

SNALPs formulation & characterization

® ] &
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In vivo administrations of SNALPs
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U RESULTS
SNALPs characterization & stability
Table 1. Physicochemical characterisation of SNALPs formulations

Charge at pH7.4
(mv)a,h,d
125.681+3.14 0.1740.021 -1.4615.10

2 Measured 3.14 by Dynamic Light Scattering.

b Measured in phosphate buffer 0.1M (pH7.4)

¢ The encapsulation efficiency (EE %) was measured with the RiboGreen assay
d Expressed as mean + SD (n=3).

size (d.nm)2¢ PDI2d % RNA encapsulation (%)<¢

91.26+2.31

In vivo biodistribution of fluorescent SNALPs

Control iv. in.
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B.
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Figure. 2: Biodistribution of DiR labelled SNALPs following single iv.; in. and i.c.
administration. Organs were imaged at 24 hours post-administration (A). Brains were imaged
separately (B) and semi-quantified (C) using IVIS Lumina Series IIl.

v SNALPs could reach and stay in brain for up to 24h following i.v.; i.n.
and i.c. administration.
In vivo GFP knockout (KO) in mouse brain
iv. wn®

i.n.
Brain :

Heart, lung
Kidney, spleen

Liver

Intestine

Brain

q

Heart, lung

Kidney, spleen

§5%

Liver

!

relativp GFP expression (%)

relative GFP expression

Stomach
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Figure. 3: GFP expression in organs following administration of GFP SNALPs. (A) optical imaging
of GFP and (B) semi-quantify following i.v. (3x); i.n. (3x) and i.c. (1x) administration for 7 day’s

treatment. . . .
Figure. 4: GFP KO in mouse brain. DNA were extracted from treated

brains. KO was assessed after 7 days using Sanger Sequencing and
Inference of CRISPR Edits (ICE) analysis.

(%)

v’ i.v. administration achieved the most potent KO
efficiency (50-60%) compared to i.c. and i.n. (<20%)
as confirmed by optical imaging and ICE.

GFP KO efficiency

EI CONCLUSIONS AND FUTURE WORK

All routes of administration achieved KO in mouse brain but iv.
appeared to be the most promising followed by i.c. and i.n.
i.v. injection resulted in KO in other organs which may not be desired.
A limitation of ic. administration was limited to a single
administration due to the invasive nature of the procedure.

Future work will involve assessing gene-editing efficiency in wildtype
mice and replacing GFP as a model target with therapeutic target
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Figure 1: CRIPSR loaded SNALPs are stable in 10% FCS and RNase A for at least 48h. (A) RNA
agarose gel electrophoresis: Free Cas9 mRNA & sgRNA (lane 1), encapsulated Cas9 mRNA &
sgRNA from SNALPs (lane 2), encapsulated Cas9 mRNA & sgRNA recovered from SNALPs after
48h exposure to 10% FCS; 50% FCS and RNase A (lanes 3, 4, 5). (B) Relative amount of Cas9
mMRNA & sgRNA from SNALPs without exposure or with 48h exposure to 10% FCS; 50% FCS and

genes.
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RNase A.
v" SNALPs produced were <140 nm in diameter, < 0.2 polydispersity and

near neutral Zeta potential. Nucleic acid loading efficiency ~90%.
v’ SNALPs were serum stable under in vitro testing conditions.
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LNPs Cytotoxicity
INTRODUCTION 150 oL261 150 BL6

Immunotherapy strategies have revolutionised the treatment of many
cancers, increasing the hope for Glioblastoma Multiforme (GBM) therapy
[1].

One viable strategy is the use of nucleic acid (NA)-based therapies to
manipulate the expression of positive and/or negative immune checkpoints
(ICPs) in GBM microenvironment [2]. Lipid nanoparticles (LNPs) represent
the most clinically advanced non-viral vector for the delivery of NAs [3].

iL-1 iL-2 iL-3 iL-4 iL-5 iL-1 iL-2 iL-3 iL-4 iL-5
Wl Control I PEGL-2 N PEGL-4
Wl PEGL-1 I PEGL-3 PEGL-5
¥ Results show that LNPs formulations were more toxic when incubated with BL6 cells. PEGL-1

To optimise LNPs for mRNA delivery (mOX40L) by changing the type of and PEGL-2 showed consistent toxicity with all ionizable lipids. PEGL-4 offered safest profile.
ionisable and PEG-lipids to improve transfection efficiency of brain cancer
(GL261) and brain cancer stem (BL®6) cell lines in vitro and in vivo.

METHODS

Transfection efficiency

e

Control m

0OX40L expressiol
e,

Control
Preparation and physico-chemical characterisation of LNPs (61261 cells) |, | (BL6 cells) | "3 -
- L e e N NI T b
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PEG-lipids epea . - v GL261 seemed to be harder to transfect than BL6. Different lipids combinations offered different
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transfection efficiency profiles.

In-vitro assays: Transfection, MTT assay, and fluorescence imaging Fluorescence imaging
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Formazan v" Results show more efficient and time-dependent uptake in BL6 cells, which agrees with

transfection results as previously shown.

Tumour model mRNA delivery in-vivo transfection

Intracranial 72 h post-tumour
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150:
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RESULTS Days post tumour injection o"& oué’ oﬂo" d,e’ o{,&
v LNPs were successful in transfecting different immune cell populations in BL6 tumour models.
: ) e Physicochemical characteristics Transfection was higher in macrophages and T cells. (Control=Untreated, - = mLuc LNPs, + = modified mOX40L
Physicochemical characteristics in the acceptable range: LNPs).
¥ hydrodynamic size <200 nm =
Size (d.nm) PDI Zeta potential (mV) %EE v PDI<0.27 Con Cl usions
o o v ial 4— .
. - . . ;E;:f;;;mam 12mv. * GL261 cells were harder to transfect than BL6 cells. The commercial reagents,
. " s lipofectamine failed to transfect both cell types.
. - ) " ¢ |L-1/PEGL-3 and iL-5/PEGL-2 showed the best transfection efficiencies in
ey ey Py Frrrri GL261 and BL6 respectively. However, due to the high toxicity of ilL-5, iL-
1/PEGL-3 offers a safer and more effective alternative.
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Background

Liver non-parenchymal cells (NPCs), comprising
Kupffer cells (KC), dendritic cells (DC) and liver
sinusoidal endothelial cells (LSEC) exert tolerogenic
activity by default.

Tumor tolerance?
& insutfcient activation of Iiver NPC
+ poor DG targating

Liver NPCs express receptors to which
nane-particles (NP) can bind:

Fe receptors (antibodies)
CD206 (mannose)

CD209 homologs (trimannose)
Scavenger receptors

Systemically applied NP most often bind to tolerance-
inducing liver NPCs,which may counteract the induction
of anti-tumor responses (by DC) in spleen/lymph nodes.

Nucleic acid-based Adjuvants

« synthetic oligonucleotides that contain unmethylated CpG dinuclectides (CpG motifs)
= such motifs are present at a 20-fold greater frequency in bacterial DNA compared to
mammalian DNA
CpG motifs are recognized by TLRS
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Figure 1. CpG oligos enhance MHCIl and CD86 expression FLT3L and GM-CSF diflerentiated BMDC. (A) GM-CSF or (B)
FLT3L differntiated BMDC were incubated with different concentrations of CpG oligos (50, 100 or 250 ng/mi) or the TLR
7/8 ligand RB4B (1 gimi). On the next day, expression of MHCII and CD86 was assessed by flow cytometric analysis
Graphs denote the intensities (MFI) £SEM of 4 of marker
INF-o TNF-u IL-10
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Figure 2. CpG oligos enhance proinflammatery cytokine release of FLT3L differentiated BMDC. BMDC were incubated o.n. wil
€pG oligos. Cytokine of culture were by CBA (mean+SEM of 2-3 experiments)
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Conclusion

Nucleic acid-based adjuvants Other adjuvants:
- Functionally active CpG oligos (ODN1585 and ODN1826) were
identified for dendritic cell populations

- In case of liver NPC and splenocytes (not shown)
‘ODN1585, ODN2336 and ODNSLO03 enhanced upregulation of
activation markers

» SL03 was identified as optimal performer secretion.
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Common nanovaccines

« R848, cGAMP and Poly (I:C) were the
most potent adjuvants once incubated
with NPC population. Combinations of
these adjuvants showed synergistic
effects both regarding activation
markers (CD86, CD80) and cytokine
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Therefore, our project, besides targeting /
activating DC in secondary lymphoid organs,
aims to actively reprogram liver NPC towards
a T effector cell-inducing immuno-phenotype
by applying adequate adjuvants.

Other Adjuvants

Adjuvant Agonist

Cantrol
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Figure 3. Adjuvant enhance CD86 in dendritic cells (DC) and in liver sinusoidal endothelial cells
(LSEC). Liver non-parenchymal cells (NPC) were incubated o.n. with adjuvants (5 pg/ml). On the next day,
expression of CD86 was assessed by flow cytometric analysis. Data represented are the means + SEM (n = 4)
Significant different compared to the control: no significant difference (ns); * p < 0.05; ** p <0.01; *** p <0.001; *** p
<0.0001. (One-way ANOVA)
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Figure 4 . Cylokine concentrations were assayed by CBA. Data represented are the means + SEM (n = 4), Significant
different compared to the control: no significant difference (ns); * p < 0.05; ** p <0.01; ** p <0.001; *** p <0.0001.
(One-way ANOVA)
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Figure 5. DC and T-cell co-cultures stimulated with adjt and O in led to enhanced levels
of T-cell proliferation. Data represented are the means + SEM (n = 6). Significant different compared to the centrol: no
significant difference (ns); * p < 0.05; ** p <0.01; *** p <0.001; **** p <0.0001. (One-way ANOVA).

Qutlook

+ Test CpG oligos in combination with OVA as model antigen in co-
cultures with T cells from OT-l and OT-Il animals.

+ Development of lipid-based nanocarriers for the encapsulation of
OVA-encoded mRNA in combination with selected adjuvants
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Introduction and aim

*Combining monoclonal antibodies and small molecule drugs has shown
promise as an effective approach for cancer therapeutics. However,
challenges persist in optimizing the activities of monoclonal antibodies and
ensuring precise delivery of small molecule drugs to tumor cellsl22].

* To address this, we focus on designing and synthesizing a novel core shell
brush(CSB) based on polysarcosine to facilitate the precise delivery of a
potential drug, Compound 991, into the benzyl core through n-m interactions.
* This approach aims to enhance Compound 991's water solubility and enable

its co-delivery alongside conjugated antibodies.

Core-shell Brushes

Precise drug loading
AMPK activator
(compound 991,
hydrophobic)

=
L A - N0 N
' TG TR
Lt LY 4 % )
i [ i

Methods and results:
Synthesis steps of CSB by ROP
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Characterization of CSB

HFIP GPC

normalized sbsarption

slution wolume! mL.

1H NMR spectroscopy calculated the DP of side chains and GPC
showed the narrow distribution of CSB.
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Single-angle dynamic light scattering (DLS)

Vess/Ves (ul/pl) loading capacity Size diameter (nm) P (Size)
((pgmL) 7 (pp)

500 / 29.9+0.44 0.09
4955 10123 26.80.16 0.16
490/10 20/46 27.6£0.21 0.17
480/20 40/92 3111023 0.19
47525 507115 35.010.53 019
450/50 100/230 93.3+3.25 0.34

Size distribution changes showed the drug capacity of CSB.

UVv/Vis Multi-angle DLS and SLS
1.0 —— 23 M 981 in 1 mg/mL CSB 25 | * Care shell brush
= _Care shell brush +981
23 M 991 In DMSO (DMSO background)
o
= 23 M 991 In H20 20
= 0.5 — 1 mg/mL CSE o Mw
27 — 14, DMs0 Absorption difference™
g —F  showed that C5B L P
2 improved 991's SLS calculated the average number
< 0.0 solubility. of 991 is 50 per brush at 23 pM.
- 1
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Diffusion-ordered spectroscopy (DOSY)
I N T
(CsB o

o e
CSB+991

Diffusion coefficients changes proved strong T interactions
between 991 and CSB.
Atomic force microscopy (AFM)

AFM visualized morphology of brushes before and after drug loading.

Biology test
Viability PACC
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Core
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The pACC expression test indicated a strong dosage dependency of
991 loaded by CSB.

References:
1. C. Kappel, M. Barz, et al. ACS Nano, 2021, 15, 9, 15191-15209.
2. T. Sluis, R. Arens, et al. Cell Rep Med, 2023, 4, 100939.

Conclusion:

* A novel core-shell brush based on polysarcosine was developed.

* The n-t interactions between drugs and brushes was proved and number of
drugs per brush can be calculated.

* 991 loaded by CSB had strong dosage dependency to activate AMPK
expression.

Contact information:
Email: b.zhao@lacdr.leidenuniv.nl

Web: https://barzlab.com
LinkedIn: Scan QR-code on the right

Discover the world at Leiden University




Ivan Zlotver

——

V

TECHNION
Israel Institute
of Technology

CAN WE TARGET CANCER WITH SOUND
AND NANOMEDICINE?

Glucosylated Hybrid TiO,/Polymer Nanomaterials for Targeted Sonodynamic Therapy of Cancer
Ivan Zlotver ™, Alejandro Sosnik

Department of Material Science and Engineering, Technion — Israel Institute of Technology, Haifa, Israel
™ ivan@campus.technion.ac.il

Application overview Synthesis

Size controlled synthesis of nanoparticles using mathematical model

Department of
Materials Science and
Engineering

@ Ti(1V) oxo-organo complex synthesis

@ Polymer glucosylation

(©) Nanoparticle generation
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@ Tumor elimination by ROS

(&) Local utrasound treatment

Time [days]

@ Active targeting tumor

In-vitro 2D

Rh30 uptake of NPs analysis by ImageStream FACS

In-vitro 3D

ROS levels in treated Rh30 cells Rh30 spheroids uptake of NPs

HR-TEM/EDS analysis of nanoparticles
.
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Treated Rh30 spheroids viability by ATP levels
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In-vivo targeting

Biodistribution of NPs post-1V administration in mice bearing Rh30 tumors
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In-vivo efficacy

Survival of Rh30 tumor-bearing mice post-treatment

Green - Calcein (viability), Blue — DAPI (nuclei), Red — RITC (NPs)

Histological examination of Rh30 tumors
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Time post-injection [h]

Conclusions

Q Modular Synthesis: Flexible synthetic method allowing preci

Time post-injection [h]

Treatment duration [days]

Ivan Zlotver & Alejandro Sosnik, 2023 (in press)

se adjustments of nanoparticle size and surface features.

QO Surface Glucosylation : Surface conjugation of glucose moieties boosts cancer cell targeting and further sonodynamic efficacy.
Q In Vitro 2D and 3D Efficacy: Enhanced targeting precision and anticancer efficacy demonstrated in both 2D and 3D cell models.

Q In Vivo Tumor Efficacy: Excellent tumor targeting demonstrated. Dramatic lifespan prolongation observed, with induced apoptosis within the tumor.
Q Therapeutic Potential: Confirmed efficacy of the sonodynamic therapy platform, offering a foundation for solo and combination anticancer therapies.
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