Gd%&% Pharmaceutical Drug Carriers — Study by Neutrons, SA XS and DLS W

T. Nawroth!, C. Siewert!, A. Ziller, L. Uebbing?, V. Cornet?, M.P. Klak?, V. Cornet!, U. SahinZ3, H. Haas?, S. Nogueira3, R. Johnson4

Pharmaceutical Technolo
P> , D. Svergun® , M. Schroer® , G. Goerigk®, R. Schweins® , A. Radulescu’, T. Schrader?, P. Langguth?

B unversmatsmedizin.

—

=][®

RNA Pharmaceuticals

A ICNS

FRM Il

Forschungs-Neutronenquelie

Heinz Maier-Leibnitz

174

NEUTRONS

1) Gutenberg-University, D-55099 Mainz, Germany: Ph  armacy & Biochemistry Institute, AK Langguth, Staud

2) University Medicine, Gutenberg-University, D-551
3) BioNTech AG, Individualised Immuntherapy, Unive
4) Kwame Nkrumah University of Science and Technolo

01 Mainz, Germany: exp. Oncology / IIl.Med.
rsity Medicine, D-55131 Mainz, Germany
gy KNUST, Department of Pharmaceutics, Kumasi, Ghan

5) EMBL outstation & DESY PETRAS3, BioSAXS P12, Hamb urg, Germany

6) HZB, Institute of Soft Matter and Functional Ma

terials , BESSY synchrotron, ASAXS, D-14109 Berlin,

7) JCNS - MLZ, Jillich Centre for Neutron Science , FR M-Il Reactor, D-85748 Garching, Germany
8) ILL, Institut Laue Langevin: LSS / D11, BP156, A venue des Martyrs, F-38042 Grenoble, France

Therapeutic Nanoparticles as Drug carriers:
Mixed nanoparticles bearing material domains
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Fig.1:Drug nanoparticles for parenteral application (injection): The drug (pharma agent, mRNA) is
entrapped in lipid, liposomes or polymer nanoparticles. After tratstiie relevant body region the
particles are taken up into cells and release the drtigg structure is sufficient. Structure and drug
loading is investigated by D-contrast variation neutron small augittering SANS and DLS, structure
details by high flux SAXS. In case of mMRNA the active agerutéim) is formed by local bio-synthesis.

« Parenteral nano-drug application  (injection): mRNA nano-complexes for
immune-vaccination and cancer therapy  [15-18] work by cellular synthesis of the
corresponding case specific protein (not the antigen, bethetic information for it is
supplied). The cells and immune system of the patient weobiadogical drug amplifier.

« mRNA and synthetic pharmaceutical drugs can be applietixed nanoparticles bearing a
molecular organization (domains of drug, excipients, earsurface ligands). Two classes
cover the main drug nanopatrticle forms: polymer-drug nanofesrtand liposome-lipid-drug
nanoparticles. For therapeutic mRNA both classes weestigated by d-contrast SANS ant
the FRM2 reactor of the MLZ (KWS2 instrument), by SAXShet DESY PETRA Il (P12
instrument) and projecting DLS (backscattering NIBS at)LAd the MLZ, all samples were
investigated by projecting DLS in the SANS cuvettes (i @), immediately after the
neutron study. The SAXS investigation at high fluxe@ed highly resolved substructures,
while the D-contrast SANS studies yielded differentiatimd identification of domains.
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Application simulation and structure investigation : DLS + SANS
« Specific targetNanoparticles for therapy of cancer and other diseases were
assembled from lipids, polymers, and pharmaceutical drugRtA. For cell targeting
proteins were bound to the surface (corona). The strudtursolution is analyzed by
dynamic light scattering DLS and SAXS combined wititron small angle scattering
SANS, SAXS, metal specific X-ray scattering ASAXSatdrial sub-domains in the
nanoscaled drug carriers (~100 nm) were localizeBeuterium-contrast variation
in SANS and by ASAXS. [7, 2-4] of nanoscaled drug carriers (liposomes, solid lipid
particles, micelles, magnetic oxide, and polymer-proteitigbes).
« The power of D-contrast SANS is thpecific detection of material domains
different hydrogen content, e.g. dfug, mRNA, lipid, polymer, protein
* The mixed nanoparticles (100 nm), e.g. biodegradable polymer (PLGA, protein,
carbohydrates), intestinal lipid-bile nanoparticles, lipédticles, surface-proteins and
optional bio-target domain are ampiphilic and partly chargeds Tie internal particle
structure formsub-domains of different material and scattering po wer,
enabling a localization by contrast. For several medes¢s we construct and study
pharma nanopatrticles for parenteral and oral applicatiorishwbntain soluble or
hydrophobic drugs, or nucleic acid drugs, ea®NA for immunotherapy of cancer and
vacination.
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« Oral nano-drug application (tablets, capsules) is tested with a simulator device of the
gastro-intestinal tract with SANS+DLS observation of dnagoparticles and intermediates.
The structure optimized drug-carriers shall improveaghglication othydrophobic and
difficult drugs (BCS-classes 2-4), food-drug interaction problems and sidesffec
specific development was the introduction ahalesterol -containing mediunfFASSIF-C.

¢ At the MLZ (KWS2) and ILL (D11), all samples were istigated byprojecting DLS
(backscattering NIBS at 170in the SANS cuvettes (1 mm Q), immediately afternutron
study. The projecting DLS system contains two separateabfmnches in a common carrier
shining on the same focus, 120 mm in front of the devicé, sufficient space for the SANS.

« Time dependent processes in the gastro-intestinal fluid system were studied by
time resolved tr-(SANS+DLS) with a) stopped flow mixing atatis sample (MLZ KWS2
and ILL D11); and b) with a constant flow through channefette (200x12x1 mm Q) as
position-time resolved xtr-SANS+DLS with a SM-drive (KW&2MLZ).

Targeting drug excipients for nanotherapy

« Tissue and cell targeting:  Intestinal, cell or tumor
recognition and uptake of the drug carriers can triggbyeal
surface protein or ligand head (see method sub-page tgjgetin
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Polymer nanoparticles as drug carriers: PLGA w/o/w foam NP, 150nm size
result: the PLGA polymer in w/o/w double emulsion NP resembles proteins

Fig.6: Therapeutic polymer nanoparticle for parenteral and oral therap
are inverstigated by SANS + DLS). For tissue and cell tagy¢hey
can be coated by a specific protein shell (cell recognition).
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