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INTRODUCTION

Human protozoal diseases such as malaria, sleeping
sickness, Chagas disease and leishmaniosis remain
important health problems, with significant morbidity
and mortality, particularly in tropical countries.
According to the WHO, approximately 80% of the
African population uses traditional medicine for their
health care.! Ziziphus juyjuba Mill., commonly known as
Jujube, is traditionally used against diarrhea, ulcers,
vomiting, indigestion, pulmenary ailments, dysentery
and fever 23

AIMS

As part of our ongoing research on the discovery of
new antiprotozoal agents from West African plants, the
dichloromethane exiract of Ziziphus jujuba root bark
was investigated.
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DISCUSSION & CONCLUSIONS

In a screening of Niger plants for antiprotozoal achivity, the
dichloromethane extract of Z jujuba root bark exhibited inhibitory
aclivities against Tiypanosoma cruzi (ICs, = 7.4 pg/mL), Leishmania
donovani (ICg; = 2.7 pgiml), Plasmodium falciparum (ICs = 1.7
wgimL), and Trypanosoma brucei rhodesiense (ICg = 10.2 paimL).
Based on the screening results and the ethnopharmacological uses,
Z. jujuba was selected for further investigation.

Eight cyclopeptide alkaloids and eight friterpenes were isolated.
Among these, two compounds have not yet been described in the
literature (1-2). The anfiprotozoal aclivity and cytotoxicity was
determined for fifteen of the compounds (1-7, 9-16). The ICg,; value for
active compounds is indicated on the figure. Compounds with I1Cg, =
10 uM were considered as inactive.

Among cyclopeptide alkaleids, 16 is the most active compound with
ICy, values in the low pM against T. b. rhodesiense and P. falciparum.
Among friterpenes, 1, 2, 3, 4 and 5 showed inhibitory activities against
L. donovam (ICs; = 3 uM) and P. falciparum (ICq = 0.2 pM). 1
exhibited the most potent antileishmanial activity (ICsy = 0.5 uM).
Mone of the compound showed cytotoxicity against rat skeletal
myohlasts cells at 30 pM. 1 and 2 will be tested in the intracellular
form of L. donovani (amastigotes). Active compounds should be
further tested to assess their possible use as anfiprofozoal drugs.
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INTRODUCTION

Mon-psychotic mental disorders (NMDs), such
as sleep disorders, restlessness, anxiety and
mild depression are common issues during
pregnancy and the postpartum period!.

A recent prevalence estimate in Switzedand

reported that 16.7% of perinatal women used
mental healthcare2.

Treating NMDs during pregnancy with
conventional medications has several
drawbacks and expectant mothers often try to
reduce their tion?. Since an

MNMD itself should be avoided, safe herbal
preparations may be a treatment option. The
perception of phytomedici as being safe in
pregnancy? is somewhat in contrast to the fact
that studies on the safety of phytomedicines in
pregnancy are essentially lacking.

The main aim of this work was to characterise
the transplacental transfer of humulone, a
characteristic and pharmacologically active
compound in hops, and protopine, a major
alkaloid in California poppy. The effects of
humulone and protopine on the viability of
placental tissue and on the production of
placental homones were also investigated.
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DISCUSSION & CONCLUSIONS

@ Successful implementation of ex wivo human placental perfusion
model testing phytochemicals.

@ Humulone and protopine are differentially transported across
placental barmier.

Humulone concentrations rapidly decreased in the
maternal circuit, but only a emaill portion of the compound
appeared in the foetal circulation. Humulone did not
significantly adsorb to the perfusion setup, nor did
humulcne accumulate in the membranes of the placental
tissue. Moregver, the stability of humulene in presence of
homogenate was much lower at 37°C compared to 4°C,
indicating invelvement of active processes. Our results
point therefore to an active uptake into cells, andfor
possible metabolisation of hy lone in the pl ta.

Protopine was rapidly trar from the o | to the
@ foetal circuit, and no evidence for metabolisation was
found.

Placental viability (glucose consumption, lactate production) and
functionality (8-hCG, leptin accumulation) were not defrimentally
altered.

For a further risk azsessment of hops and Califomia poppy
additional phytochemicals in these plants have to be investigated,
together with testing in additional models (e.g. in vifro).

The ex vivo placental perfusion model will now be
used to measure the transplacental transport of
relevant phytochemicals from other medicinal plants
used for the treatment of mild NMDs in pregnancy.
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INTRODUCTION

Histamine intolerance (HIT) is a common diagnosis in
Western population with an estimated prevalence of 1%
in a population [1]. In patients with HIT, exposure to
exogenous histamine causes a broad spectrum of
undesired symptoms such as rhinal congestion,
dizziness, headache, tachycardia, hypotension, diarhea,
nausea, and flush. Food-derived histamine is degraded
by intestinal diamine oxidase (DAQO) and histamine-M-
methyltransferase (HNMT), while the organic cation
transporter 3 (OCT3) contributes to the transcellular flux
of histamine. Anecdotal evidence suggests that intake of
Ze 339 might alse improve undesirable reactions of
ingested histamine. In clinical studies it has been shown,
that Ze 339, the lipophilic CO-leaf extract of Pefasites
hybridus (Tesalin®), decreased histamine and
leukotriene levels in nasal laryngeal fluids of patients
with allergic rhinitis.
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Investigating the expression of DAO, HNMT and OCT3
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AIM

Im our current study we investigated the influence of
Ze 339 on the key enzymes involved in intestinal
handling of histamine, DAD, HNMT and OCT3.

METHODS

For our studies we validated differentiated Caco-2 cells
for the presence of DAO, HNMT and crganic cation
transporter 3 (OCT3; SLC22A3). We then investigated
the effect of Ze 339 on mRMNA and protein expression
levels of the abovementioned genes and proteins by
real-time PCR and Western Blot analysis, respectively.
We further tested the effect of Ze 339 on DAO release
from Caco-2 cells polarized on permeable supports
(Transwell®) and on DAOQ enzyme activity. We applied
Caco-2 Transwell® transport studies to assess the
influence of Z2 339 on the transcellular histamine flux.
Findings on changes in transcellular flux were
supplemented with transport studies using MDCKII cells
stably overexpressing OCT3.
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in differentiating Caco-2 cells we observed good
correlation between mRMNA and protein expression
levels. Whereas OCT3 and DAO showsd maximal
expression after 7 days followed by a steady decline,
HNMT showed constant increase in expression over
time. Thus, we selected 14 day of cultivation for all
subsequent experiments on histamine handling.

First, we tested the influence of Ze 339 on DAO and
HNMT expression and observed a significant reduction
in mRMNA but not cellular protein content.

Under basal conditions we observed a higher DAD
pretein content in the basolateral as compared to the
apical compartment which is in line with previous reports
[2]. When applying Ze 339, we observed no change in
the amount of DAO protein released. Testing Ze 339 as
a modifier of DAO activity did not reveal a significant
effect either. Taken together, the modulatory effect of Ze
339 on DAO expression, release and activity and HNMT
expression in differentiated Caco-2 cells is limited. In
Caco-2 transepithelial fransport experiments, we
observed no active transport component for the
transcellular transfer of histamine as neither the uptake
nor the efflux ratio was greater than 1.5. However, in
presence of high concentrations of Ze 339 we observed
a high flux of histamine imited to the early phase of the
experiment. From this finding, we concluded that Ze 339
might influence histamine transporters directly.

Caco-2 cells express several transporters amongst
others the uptake trangporter OCT3 [3], which has been
reported to transport moncamines such as histamine [4].
Using MDCKII cellz overexpressing OCT3 we observed
that Ze 339 inhibited histamine uptake in a dose-
dependent manner. Therefore, Ze 339 might inhibit the
apical cellular rsuptake leading to elevated levels of
histamine detected in the apical compartment.

Further regearch is necessary to clarify if the inhibition of
OCT3-mediated hlstamme upwke by Ze 339 could play
a role in the an A oE
histamine intolerance in pauenls talung the exh’act
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INTRODUCTION

Targeted therapy against melanoma has been shown to

Combination of inhibitors targeting enzymes in abarrant
pathways already showed greater efficacy and increased
median progression-free survival '. Novel inhibitors
targeting frequently aberrant proliferation signaling of the
ERK and AKT pathways in melanoma are therefore urgently
needed.

To identify novel compounds, we combined our natural
product (NP) lead discovery platform with an innovative high-
content screening assay (HCS) that quantifies ERK/AKT
signaling in melanoma cells.

generate fast clinical responses, but resistances occur quickly.
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DISCUSSION & CONCLUSIONS

» Establishment of a HCS with a state-of-the-art image-
based bioassay, which enabled screening of our in-
house extract library

+ Efficient dereplication and selection of most promising
extracts with the aid of HPLC activity profiles

+ Discovery of a structurally diverse set of compounds

Diterpenes

In order to screen our in-house library of 2576 extracts inhibiting AKT/ERK pathway, we
developed a HCS assay, combining it with our activity profiling platform. This enabled us
to efficiently dereplicate and select the most promising extracts. Scale-up of 5 extracts
resulted in a structurally diverse set of compounds.

The hit rate on the AKT pathway
was significantly higher than on
the ERK pathway.

This hit distribution indicates that
the ERK pathway is more robust
than the AKT pathway.

AIMS

Finding new plant-derived AKT/ERK pathway inhibitors.
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METHODS Active compounds were tracked with the help of HPLC activity profiling.
The activity profile of Amica montana radix PE extract is shown as an example.
Kinase Translocation Reporter (KTR)-based biosensors are

= Q
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cytosol and nucleus upon phosphorylation?. - » o ) oH o OR,
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system and fractionated with a method of 10-100% MeCN in 30 min. The
HPLC-based activity profiling was obtained after testing all fractions in the
HCS (AKT in green, ERK in red).

Fraction 15 and 17 display activity on both pathways.
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INTRODUCTION

Research on the microbiome is expanding, and further
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RESULTS & DISCUSSION METHOD

host-microbiome interactions are continuously discovered Caption Escherichia coli Ente L P cln 100 pL concentrated bacteria
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Drug Delivery by Amorphous Solid Dispersions:
A Randomized Pharmacokinetic Study in Humans
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Aims Results Conclusions
In this clinical study we aimed to investigate the effects * Drug absorption from drug-rich particles, formed
of a particle forming amorphous solid dispersion Intervention 1: Intervention 2: Intervention 3: upon the dissolution of the ASD, was fast and
(ASD) on bioavailability in humans, seeking insights in kL0 Dissolved ASD Sohition complete in humans, underlining their potential as
the complex drug absorption mechanisms from ASDs ASD Drug-rich Dissolved g = drug delivery system.
in a clinical setting. particles drug E = * A molecularly dissolved drug concentration beyond
- E aqueous saturation concentration in the intestinal
—_— —_— e , tract is indicated by the reverse PBPK model.
Study Desig n % . @ * The studied drug-rich particles from the ASD might
We conducted a randomized cross-over design open- £ = % pre\.re.n.t dr.ug crystalllzlatlon as well as permanent
label clinical study (NCT03886766) with 16 healthy < £ g solubilization of drug into micelles.
male volunteers in an ambulatory setting, using micro- = e <
dosed efavirenz (EFV) as a model drug. Three LD Time Time
Background

interventions (oral ingestion) were performed in block-
randomized order:

1. Solid ASD of EFV 50 mg

2. Dissolved ASD of EFV 50 mg (drug-rich particles)

3. Molecular solution of EFV 3 mg (non-ASD)
Endpoints were the pharmacokinetic profiles (EFV
plasma concentration vs. time curves) and derived
pharmacokinetic parameters thereof. Study results
were also compared to existing data on a marketed
formulation (Stocrin® 50 mg) in a non-cross-over
design. Reverse PBPK-modeling was used to simulate
the intestinal drug concentration based on measured

PK data.
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All interventions as well as the

marketed formulation showed L3
comparable areas under the curve E 1a]
AUC, , (scaled to dose). The solution £ 1]
showed the highest maximum § 2]
concentration C__, and the shortest E 0
time to reach maximum concentration % 1
1, With a significant difference to E :
both the solid ASD and the marketed 2

formulation (p < 0.05). The dissolved
ASD showed a slower but comparable
absorption compared to the solution.
The results of the absorption constant
k, showed statistically significant
differences between the liquid
(dissolved ASD and solution) and the
solid formulations (ASD and marketed
formulation). Reverse PBPK-modeling
indicated that the dissolved ASD in the
human intestine behaved like a
solution also at the higher dose.
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Low oral bioavailability is a recurrent reason for drop-
outs of poorly soluble drug candidates in preclinical and
clinical stages of drug development, creating a need for
reliable drug-delivery systems that can increase
bioavailability. A promising candidate platform are
amorphous solid dispersions (ASDs). In ASDs, the active
pharmaceutical ingredient (API) is delivered in its
amorphous state, which is stabilized by a solid polymer
matrix. Upon dissolution, a complex system of drug-rich
particles can evolve. While ASDs have been extensively
investigated in vitro and in vivo and as well have been
marketed in several cases, details on their behavior as a
drug delivery platform in humans today are poorly
investigated and understood.
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INTRODUCTION

The sudden spread of SARS-CoV2 demands rapid
development of therapeutics and prophylactic intervention
in a short period of time. DNA vaccination is considered a
potential strategy to meet the challenge. This technique
holds two major disadvantages: poor immunogenicity and
transfection of the target cell Both require the
development of effective delivery systems such as
liposomes. New generation microfluidics devices are a great
tool to overcome these problems.

AIMS

v Formulation of DOTAP based liposomes for SARS-COV2
protein S expressing DNA vaccine

v Translation of a thin film layer rehydration into a
microfluidics preparation method using a
NanoAssembler Ignite ® (Precision Nanosystems)

v" Characterization of the blank formulation and the
lipoplexes

v Assessment of in vitro transfection efficiency using
HEK293 cells

METHODS

Thin film layer

hydrati
rehydration pDNAS-lipoplex

transfection assay

Microfluidics
+
. u 5 —’
Cationic
liposomes

HEK293 cells
Fig.1: Visual schematization of the methods used. A thin film layer
rehydration method for liposome production was transiated into a
microfiuidics method. After DLS, TEM and Zeta-Potential characterization,
lipoplexes were formed (see Fig.3) and characterized. In vitro transfection
assays on HEK 293 celis were performed.

RESULTS

Microfluidics

Size: 140,8 +11,5 nm
ZP: +A8 ¥4 mV

Fig.2: Characterization of blank liposomes
Results of TEM, DLS and Zeta-Potential

Vaccine Research Unit, Chula Vaccine Research Center

Thin film layer

Size: 130,9% 5,8 nm
ZP: +48 ¥12 mV

.~

produced by microfiuidics or thin film layer rehydration.

v’ Size and Zeta-Potential of the particles are comparable

¥’ Cryo-TEM images show a multilamellar structure in particles manufactured
by microfluidics and a unilamellar structure for particles manufactured by

thin film method
v’ Complexation results are comparable for both methods
¥' 1:1 N/P ratio was selected for further in vitro studies

DOTAP pDNAS .pDNAS-
liposomes lipoplexes
' VORTEX and let
+ rest 30 min

oo+ O .

Fig 3: Method of preparation of lipoplexes

Microfluidics

Fig 4: Electrophoretic mobility of lipoplexes at different N/P ratio. Different degrees of complexations are observed. A higher N/P
ratic correspond to a more efficient complexation but an aggregated sample.
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Microfluidics N/P 1:1 v HEK 293 cells were transfected
with pDNA S lipoplexes,
subsequently anti-S specific
antibody and FITC-conjugated
antibody were added to
observe  fluorescence  via
confocal laser scanning
microscopy (z-stack)

Thin film N/P 1:1

¥ Fluorescence was observed for
lipoplexes prepared by both
manufacture methods

Untreated cells Lipofectamine

v Transfection was detected for
both formulations

Fig 5:Intraceilular SARS-CoV-2 S protein expression. HEK293 cells were transfected with pDNAS as nanoplexes at a N/P ratio
of 1:1. Untreated cells are used as negative control and Lipofectamine complexed with pDNAS as positive control. Green =5
protein, Blue = nucleus. Images were obtained by confocal laser scanning microscopy.

DISCUSSION & CONCLUSIONS

v Liposomes manufactured by microfluidics method seems comparable in characteristics with thin
film rehydration method manufactured liposomes

v Main structural difference is observed by Cryo-TEM images where lamellarity of the liposomes
appears to be different

¥ In vivo immunogenicity studies in ICR mice are planned to confirm antibody production and T cell
activation by the liposomes manufactured by both methods

N/P ratio
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Efficient colonic drug delivery
Novel tablet formulation with double control concept
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INTRODUCTION

Targeted colonic delivery: necessary for the local
treatment of inflammatory bowel diseases
Awvailable tablets: only one control concept (mainly
pH) — too early or late releass_m.a—.II

B ey low | 109 Baetsriaiml

= pH lower

10# -+ 10* bactenaimL

10" bactaraml

New oral formulation
- for targeted colonic delivery
- with double drug release control
1. pH-sensitive coating
- prevents drug release in the upper
gastrointestinal tract
2. Xyloglucan matrix
- prevents drug release before entry into the
large intestine
- is cleaved by enzymes in the colonic
microbiome.

METHODS

Fluid-bed granulation:

33% AP, T% PVP K30, 60% xyloglucan
Tableting: 200 mg dose; either 5-ASA or caffeine
Coating: Eudragit® FS 30 D

dissolution rate increased at pH > 6.8
Dissolution testing (USP 2):

Gastrointestinal tract simulation

- Stomach: 900 mL HCI 0.1 M

- Upper small intestine: 900 mL phosphate
buffer pH 6.5

- Lower small intestine: 900 mL phosphate
buffer pH 6.8

- Large intestine: 200 mL phosphate buffer
pH 6.8, with varying xyloglucanase amounts

Measurement of AP release and xyloglucan

matnix degradation

RESULTS

120

S

AP release [%]
8

o
=

Upper small intestine

Lower small intestine

| 1 U xyloglucanase/mL | 0.1 U xylogluzcanase,/mL

| 0 U xyloglucanase/mL

12 16 20 24 28 32 36
Time [h]

40 44

48

DISCUSSION & CONCLUSIONS

The applied double control concept led to efficient and selective
colenic drug release.
1. pH-sensitive coating:
- Release control in the upper gastrointestinal tract
2. Xyloglucan matrix:
- Release control in the lower small intestine
<10% API released before entry in the large intestine
- Enzymatic matrix degradation in the colon.
The higher the enzyme concentration, the faster the drug
release

Under physiological conditions with
- 0.5 U xyloglucanase per g fecesl'l and
- 20 h colonic transiti
complete dose release is realistic!

Outlook:
- in vivo evaluation of the formulation in landrace pigs
- Investigation of drug release mechanisms

U/mL: black, O U/mL: light grey).

Fig. 1 Dissolution profiles of cooted Xyloglucan-5-ASA tablets ot three different enzyme levels in the final dissolution medium (1 U/mL: dark grey, 0.1
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Fig. 2: Release profiles of both API {black) and reducing sugar equivalents (blue) from coated Xyloglucan-5-ASA tablets at three different enzyme levels

in the final dissolution medium {left: 1 U/mL, middle: 0.1 U/mL, right: 0 U/mL).
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Characterization of immunocomplexes > BhARMA
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INTRODUCTION : RESULTS AND DISCUSSION

2'3'cGAMP activates stimulator of interferon genes
(STING) pathway which results in overexpression of type |
interferons in antigen presenting cells (APC), that
promotes CD8+ T cell priming against tumor-associated
antigens. In order to transfect APCs within tumor ot By R — e
microenvironment, there is a need for a carrier for a -
negatively charged cGAMP prone to degradation by
hydrolases from the blood.

AIMS il s | lln,
To form nanocomplexes (NCs) with cGAMP and its carrier g
polyethylenimine 25 kDa (linPEI25), which will finally i
enable delivery of cGAMP intraceflularly and activate ; Figure 3. SEM:1/1 (left} and 2/1 (right) NCs in water. Scale 1 ym.
STING pathway. The aim of this work is to challenge - mbers (o) =
the state-of-the art physicochemical characterization Semples {dcen | STOVE Meen | STOV | Mean Mesn | TOV Deas

7 = S NCs 1/1 357 47| 132] 100| 208 131 25 04
technlques towards the design of efficient NCs for Ne=arr| 828 13| 21e| 197] 221] 2 131 a2 04
tumor immunotherapy. |

inP25 1760] 233| 782| 71| 257 143 5 08

x

°

3

-NCs corresponded to elongated
structures based on the shape
factor (Fig 4.), while their structure
Figure 1. DLS (z-average and numbers), NTA and AF4-UV-MALS-RI-DLS : observed by SEM resembled gels
(Dg and Dh) companson of empty and loaded NCs graphical and table (Fig 3).

M ET H O DS representation -In case of 2/1 NCs we observed

2 more gelified and rigid structure,
—a )\ X - Based on DLS and AF4-DLS nanocomplexes sizes, 1/1 and 2/1 NCs - NCs may form rod-like
NCs were prepared based on the ionic gelation method in were smaller than linPEI25 (p<0.0001). ¥

a8- vy l
milliQ water or PBS. CDN (2'3'cGAMP ) was added - DLS (Numbers) and NTA number—averaged size were comparable stiuctre 4 capabic of

: - : crosslinking.
dropwise to linPEI25 at 0.01 mg/ml under vortexing. - In contrast, there was significant difference between z-average by DLS o

Linear PEI 25 kDa was tested as a drug carrier, at two and Dh calculated by AF4-DLS. This can be due selected population which . A
different cGAMP loadings - N/P ratios of 1/1 and 2/1. was eluted and separated by AF4. Figure 4. AF4-DLS, shape factor Rg/Rh

Tested conditions were inPEI25 (empty complexes) and of NCs in water
1/1 and 2/1 NCs (loaded complexes)
Several parameters were optimized:

I 1
ZETA POTENTIAL cGAMP LOADING

-
LN
NCs at 1/1 and 2/1 ratio had significantly
lower zeta potential compared to linPEI25

cGAMP encosulation
efficiency (EE -

an et N
e LI .- 20216 4
. - alone, suggesting that adding negatively Tas o N UPLC/UV) are without
: charged cGAMP, neutralizes PEI (p<0.0001, 6.2 significant difference
% n=3). Zeta potential for the 2/1 ratio (7.7 = 6 T “ compared to Recovery
HL mV) was twice higher compared to 1/1 ratio (4 & = (Ref AF4-UV) having a
. =+ 2.3 mV) as expected for a complete value around 60-70%.
’ 5 2 : complexation. This difference is confirmed by X R S 3

%) NTA measurements, although with higher zeta
potential values. (p<0.0001, n=3) (sup 1. b)). Figure 5. EE% and Rcf
Figure 2. DLS and NTA zeta potential of of NCs in PBS
NCs in water

Scheme 1. Physicochemical charactenization of NCs

CONCLUSIONS

In-depth complementary characterization
techniques indicated that cGAMP was successfully
complexed with PEI

Specifically, NCs are smaller and have lower zeta
potential than empty linPEI25 (orthogonal techniques
used: DLS, NTA, AF4-MALS-DLS for size and DLS,
NTA for zeta potential). Moreover, particles have
significantly lower zeta potential compared to linPEI25 .

Shape obtained by SEM and AF4-DLS shape factor =2
suggests elongated rod-like structure, which is
preferred for the phagocytosis having the similar shape
as a bacteria.

In conclusion, LinPEI25 and cGAMP are forming
elongated scaffolds and eventually nanogels, being
complexed as shown by size, zeta potential, shape
and drug loading measurements (60-70%).

Based on the next steps and biological assays it
still remains to decide on the ratio out of the two
tested.

Scheme 2. cGAMP and linPEI 25 NCs
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Zebrafish embryo (Danio rerio) as an in vivo vertebrate
model to study renal function
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INTRODUCTION

The study of renal function remains a challenge. in vitro
cell-based assays do not cover renal functions such as
glomerular filtration and tubular reabsorption. In vivo
studies often rely on experimentation with higher
vertebrates, are expensive, and do not always provide
mechanistic insights at a cellular level. In view of these
limitations, there is a high unmet need for cost-
effective and animal experiment reducing in vivo test
systems that include mechanistic studies and allow a
translation to higher vertebrates such as humans.

The zebrafish embryo (ZFE) pronephric kidney shares
high similarity with the anatomy of nephrons in higher
vertebrates. Thus, they are not considered as an
animal.

AIMS

The aim is to use ZFE as an in vivo vertebrate model to
study glomerular filtration, ABC/SLC mediated drug
transport and folate receptor 1-mediated tubular
reabsorption. We assessed whether 3 to 4 days old ZFE
have a fully functional pronephron.

METHODS

— Fluorescent labelling, purification and hydrodynamic
size determination of polymers using Fluorescent
Correlation Spectroscopy (FCS)

— Transgenic zebrafish lines expressing GFP/mCherry
in specific organs (e.g. endothelial cells, glomerulus,
parts of proximal tubules)

— lLv. injections of fluorescent model compounds and
non-fluorescent inhibitors into living zebrafish
embryos (3-4 days old)

— Confocal microscopy of tail and nephron region

RESULTS

1. Kidney anatomy in 72hpf ZFE

A E

Fig. 1: Anatomical localization of the kidney in 72hours post-fertilized (hpf) ZFE.
(A) Lateral and (B) ventral projection of a 72hpf tg(wtlb:eGFP) zebrafish embryo
(ZFE) expressing GFP in the proximal convoluted tubule (PCT) and glomerulus (GL).
Scale bar = 50um.

B)

2. Glomerular filtration
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Fig. 2: Glomerular filtration in 96hpf ZFE. (A/D) Qualitative assessment of
polyethylenglycol/dextran (PEG/DX, green signal] within the proximal tubule
lumen 1 and 9 hours post-injection (hpi). PCT marked with white dotted lines.
(8/E) Hydrodynamic diameter of PEG/DX polymer with molecular weight of 5-
70kDa determined by fluorescent correlation spectroscopy. (C/F) Quantitative
assessment of luminal PEG/DX signal compared to corresponding Shpi values.
Values are means £ SD, n=5. **p<0.005, ***p<0.0005. Scale bars = 50um. Signal
intensity (SI).

3. Tubular secretion & reabsorption

2 Sulfo101

OX MK-571

200X MK-5T1

em—r

Fig. 4: Renal secretion of fl of drug porters. (A) Confocal
microscopy analysis of 72hpf ZFE 1hpi i.v. injection of Sulfo101 in presence of increasing
concentrations of the mrp inhibitor MK-571. White arrow: Gl tract and cloaca. Scale bar
= 500pum. Magnified sections of the tzil region vasculature are shown. High signal
intensity: red to white colors. Scale bar = 50pum. (B-E) Quantitative analysis of
transporter substrates within dorsal artery in the presence and absence (blue bar) of x-
fold excess of inhibitor in 72hpf ZFE. Pro (probenecid), MK (MK-571), PAH (p-

inohi ate), Vera | il), Ery (erythromycin), FITC (fluorescein), NBD-CsA
(fluorescent cyclosporine A). Values are means * SD, n=5. *p<0.05, **p<0.005,
***p<0.0005, ****p<0.0001.
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Fig. 3: Reabsorption of folate in the distal tubule. (A} Folate receptor 1 (folrl)
mediated renal reabsorption was studied using a folate (FA) conjugate, modified with
PEG (molecular weight 2000 Da) and the fluorescent dye FITC. (B) Confocal microscopy
image of the tail region of 72hpf ZFE 1hpi of the fluorescent labeled FA derivative in
presence and absence of a 100-fold excess of native folate. (C) Quantitative evaluation
of signal in DA in (B). Signals were compared to control {no inhibitor). Values are means
+ 5D, n=5. *p<0.0001. Scale bars = 50um.
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DISCUSSION & CONCLUSIONS

We could show that relevant kidney processes (e.g., GF, renal secretion

& folate reabsorption) are functional in 3-4 days old ZFE.

Glomerular filtration:

— has a similar cut-off of 4.4-7.6nm as observed in humans and rats (1)

— Filtration properties based rather on hydrodynamic diameter than
molecular weight

ABC/SLC mediated renal drug transport:

— Homologue ABC/SLC transporters in ZFE genome detected (2)

— No hepatic metabolism in 3-4 days old ZFE (3)

— Reliable detection of fluorescent substrates in blood vessels in the
presence/absence of inhibitors using confocal microscopy

— Cave: concentration of fluorescent substrate is 0.1mM; excess of
correlating inhibitors must not be toxic

Folrl mediated tubular reabsorption:

— Fluorescent FA construct is glomerular filtrated and reabsorbed into
the blood stream via folrl (4)

Conclusion & Extrapolation:

— Drug transporter processes show high similarity to in vitro and ex
vivo (Killifish) transport assay

As an application, ZFE represents a useful in vivo vertebrate model to

study drug transport and drug-drug interactions
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Artificial intelligence in the analysis of time-resolved (4D) micro-
computed tomography data

S. WALDNER?, J. HUWYLER t and M. PUCHKOV1
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DATA ACQUISITION COMPUTATION IMAGE SEGMENTATION

Deep learning

T

S St 15 ncoen ‘= TorsorFlow
- 4D pCT image acquisition of disintegrating ~—d
mini-tablets ' R R =ipae Oy
- 64 different tablet formulations according to : ' ] , i
design of experiment
= 1to 10 scans per second for up to 30 seconds
- 23 TB of raw projection data
= Reconstruction quadruples size, only done as
needed

—— e

4D projection raw data

¥ Corvelution & Paaling

Deconvolution & skip
concatenstion

= Software runs on the sciCORE high-
performance computing facility
IMAGE RECONSTRUCTION + Data storage handled by sciCORE
t=0 t=1 t=2 = No interactive access, uses SLURM
queueing system

==+ Skip cennection

Convelution kernel
[3x3x3]

/ - Image segmentation using 3-dimensional UNet
convolutional neural net architecture
« Algorithm trains autonomously on a large sample
dataset
= Realization in Tenserflow and Python

4D reconstructed data OUTCOME « 4D-pCT approach provides direct insight into tablet = Runs parallelized on GPUs
) disintegration = Training dataset generated in llastik using supervised
- Custom raw data reconstruction software . - Deep leaming needs to be applied for image machine learning

segmentation due to the variability in image quality o

/

- Written in Python and CUDA-C++
- Runs massively parallelized on GPUs

CONCLUSION

Our approach demonstrates the power of deep leaming when it is applied
in a suitable setting. Due to the non-linearly separable nature of the data,
the convolutional neural network outperforms traditional image
segmentation approaches and is able to process massive amounts of
data without user intervention.

Dynamic micro-computed tormography gives unprecedented insights into

AIMS

We provide tools to further mechanistic understanding
of tablet disintegration.

To this end we generate a large dataset of segmented
time-resolved micro-computed tomography images to

ide - direct insiaht into the disi i tablet dissolution but offers unigue challenges with data ;
provi sa umique direct insignt i isintegration management and image analysis. % F
ProCcess. A dedicated high power computafion facility and the use L @

We apply artificial intelligence in the form of deep
leamning computer vision to overcome the challenges

posed by this approach.

of deep leaming artificial intelligence are employed to tackle 3%
these challenges.
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INTRODUCTION

Thermoresponsive hyaluronan-based hydrogels
enable facilitated injection of products developing high
viscosity values in sitv and thus present potential for
delivery of therapeutic cellular materials in specific
regenerative medicine applications [1].

Cultured human fetal progenitor tenocytes (hFPT)
have been identified as potentially optimal therapeutic
cell sources for manufacture of homologous
therapeutic standardized transplants [2].

AIMS

The objective of the present study is to validate the
combination of product prototypes, composed of viable
hFPTs and thermoresponsive hyaluronan-based

hydrogels named HA-L-PNIPAM.

METHODS
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DISCUSSION & CONCLUSIONS

Post-injection tenocyte viability assay

HA-L-PNIPAM formulations outperformed linear hyaluronic acid (HA)
formulations in terms of maintenance of cellular integrityfviability after
extrusion through 266G needles.

Post-injection tenocyte viability assay after storage
HA-L-PNIPAM formulations showed befter post-injection viability after
a storage of 3 and 7 days of the combination formulation at 4°C.

Rheological measurements

Below the lower critical solution temperature (LCST), HA-L-PNIPAM
showed lower viscosity properties, and higher over the LCST.
HA-L-PNIPAM showed unique temperature-dependent properties
leading fo facilitated injection and cell-supportive viscoelastic
properties.

Injectability
HA-L-PNIPAM required less injection force than HA.

5 3
Conclusion f@‘\
The thermosensitive viscous behaviour of the TRRATR
hydrogel during the injection may play a major P il
role in the preservation of cell viability. %\

HA-L-PMIPAM provides the required highly
viscous matrix for the cells at 37°C.

This study provides the technical basis

for further formulation optimization in
translational musculoskeletal regenerative
medicine, with specific focus set on hand
tendon disorder management.
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Mesoporous Silica Particles as Drug Delivery System offering
prolonged drug release
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INTRODUCTION

Mesoporous silica particles (MSP) are inorganic
nancparticles and have gained great popularity
pharmaceutical science over recent years. Due to
their controllable and uniform pore sizes, flexible
surface functionalization, significant
biocompatibility, biodegradability and lack of Figure 1- imeguiar
toxicity, they are of high interest as carmiers for a :‘G‘grig under e
targeted drug delivery.

MKCToSCope.
AIMS
The aim of this project was to establish a strategy, to chemically
modify MCM-41 MSPs in crder to achieve a sustained release of
drugs, loaded in these modified MSPs, over prolonged time periods
of days to weeks.

METHODS

MCM-41 with 3.8 nm pore size were prepared according to the
procedure of Ritter et al. [1] The experimental design is shown in the
following flowchart. MSPs were functionalized with 3-
aminopropyltriethoxysilanes (APTES) and loaded with fluorescein
free acid (FFA, yellow) or ibuprofen (IBU, dark gray). In addition, the
loaded MSP were pressed into discs, or coated with 2-hydroxyethyl
methacrylate (HEMA).

MSP Functionalization Drrug Polymer Coating
MCM-31 APTES FFA

MCM-41 APTES IBU

MCM-31 - 1BU HEMA

Loading Efficiency Control of the drug release profile

Goating with
HEMS,

Ca ¥oa” Tablutig

4

RESULTS

Loading Efficiency

For the control of loading efficiency by functionalization, three different concentrations of APTES were used for the
functionalization. Subsequently, equal amounts of fluorescein free acid were added to the differently functionalized
MSPs. By UHPLC analysis, the content of FFA in the loaded MCM-41 was detected (Figure 2). The measurement
showed a linear correlation between the APTES concentration and loading efficiency of FFA (mglg MSP)

{Re=0.992).
120
100

a0

i
(=]

FFA conzantration [mg'g
MSP]
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= &=

=
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0 1.0 pmol'mg MCM-41

Figure Z: Loading efficiency for the diferent APTES concentrations
(D2, 0.5, 1.0 pmol'mg MCM-41). The emor bars indicate the standard
deviation.

Control of the drug release profile

Figure 2: Pictures of the MCM 41 loaded with flucrescein. Left 0.2 pmolimg
MCM-41, middle: 0.5 pmolimg MCM-21, right 1.0 pmolimg MCM-41

The drug release profile of MCM-41, functionalized with APTES and loaded with ibuprofen, in powder or tableted
form is shown in Figure 4. The release of ibuprofen from drug-loaded MCM-41 in powder form occurred within 1
hour. Tableting of MCM-41 resulted in sustained ibuprofen release for up to 50 hours, in agreement with earlier
reports in the literature [3]. The performed proof of concept study showed, that the IBU- loaded MSPs, which
were coated with HEMA displayed a prolonged release of IBU over several days in organic solvents as shown in
Figure 5. Figure 6 shows the coated MSP under the scanning electron microscope.
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Figure 4: Drug release profie of tableted MCM-41 discs and MCM-£1
powder. The emor bars indicate the standard deviation.
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Figure &: Drug release profile of HEMA coated MCM-41 in
ethanol and acetone

DISCUSSION

Based on the experiments with the model drug fluorescein free acid, it
was demonstrated that the loading efficiency can be enhanced by
increasing the APTES concentration. According to the results, the
loading efficiency at the tested concentration was linearly related to the
degree of functionalization. The functicnalization of the MCM-41 was
intended to achieve a sustained release of ibuprofen. However, this
could not be observed for powdered MCM-41. Only tableting of the
functionalized and |1BU-loaded MCM-41 led to a prolonged release of
50 hours. It can be assumed that the sustained release is related to the
smaller surface area of the MCM-41 as tablets, preventing fast
dissoluion. Additionally, in a proof of concept experiment it was
demonstrated that a sustained drug release from MSPs can be
achieved through MSP polymer coating.

Figure &: The HEMA-coated and
IBU-oaded MCM-41 under the
scanning electron microscope.

OUTLOOK

For further experiments, a biodegradable pelymer such as Poly (lactic-
co-glycolic acid) should be chosen, where the drug release kinetics are
controlled through the degradation time of the polymer.
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Electrospun poly(L-lactide-co-ge-caprolactone) (PLCL) fibres loaded with
Mesoporous Silica Particles to prevent bacterial biofilms on medical implants
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INTRODUCTION

Implant innovation represents a very essential area
in the field of medical research. One of the
complications associated with medical implants are
bacterial infections, which can lead to systemic
inflammation. The adhesion of bacteria on the
implant surface, which is faster than adhesion of
host cells like fibroblast, leads to a successive
formation of several bacterial layers in a so-called
biofilm. By forming a protective matrix, biofilms
prevent penetration of antibiotics and complicate
the antibiotic treatment. Current research efforts
thus focus on novel implant coatings and wraps
preventing biofilm formation.

AIMS

The aim of this study was the development of a
novel antibacterial implant wrap, based on a
scaffold of poly(L-lactide-co-e-caprolactone) (PLCL)
polymer fibres, fabricated by electrospinning and
containing mesoporous silica particles (MSPs) as
drug carriers for prolonged release of antibiotics.
Here, we established a suitable electrospinning
protocol to produced the scaffolds, characterized
them by scanning electron microscopy (SEM)
regarding fiber properties and MSPs incorporation
and assessed their biocompatibility.

METHODS

The procedure for the manufacturing of the fibres
of this study is illustrated below:

+

PLCL with fhodamin €G
inDCM / DMF (7/3)

MSP (MCM-41)
with FITC

0.6 mL/h 15k, 15cm, 23°C. 23 %

In vitro expenments:
fibroblasts {NIH 3T3) on
polymer scaffold

RESULTS

The development of the electrospinning parameters ensured a suitable quality of the polymer fibres (A). Observing the morphology, the fibers showed
an average diameter of 0.5-1.2 pm. The integration of the MSPs inside the PLCL fibres (B) showed large agglomerations (2.4 pm), which likely

represent the MSPs.

According to the SEM images, the MSPs could be incorporated in the
PLCL fibres. However, this finding could not be fully confirmed via
fluorescence microscopy : a major part of green labeled MSPs lied
outside the fibers labeled in red (C). In the in vitro experiments the
fibroblasts (NIH 3T3) invaded the polymer scaffold and showed good
overall viability (D).

Viabiry (%]

Figure. 1: SEM images of
fibres using electrospinning
after 10 minutes (A) and MSPs
agglomerations in the scaffold
(B). The pictures were taken
with a 5°000x magnification.

Figure. 2: PLCL fibres with the
integration of MSPs on the left
(C) and the polymer scaffold
with NIH 3T3 cells on the right
(D). This images were taken
with a 20x magnification

@A 373 cole
PLCL Stves + PLCL-Coating + Alumisium foil

= PLCL fibres + PLCL-Coating withou! Aluminism ol
PLCL-Coating without PLCL fiees

DISCUSSION

The structure and shape of the electrospun polymer
fibers are consistent with several literature reports for
example Z. Li & Wang, 2013 [! and confirm successful
implementation of the method. Incorporation of MSPs
the agglomerations cause an undesired enlargement
of the fibers. Therefore, an improved distribution of the
individual MSPs is needed. The in vitro experiments
suggest cell attachment to the polymer scaffold. Cell
proliferation within the scaffolds was comparable to
previous studies like Kwon & Matsuda, 2005 121

CONCLUSIONS

In conclusion, the potential of electrospinning was
shown to be suitable to produce fiber scaffolds for
implant wraps. The integration of the MSPs was
achieved but requires further optimization. The
migration of fibroblasts in the scaffolds needs to be
further analyzed. An example could be the expansion
of the scaffold to produce more space for the cells.
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INTRODUCTION & AIM

Trighycerides contained in lipid emulsicns (LE) are susceptible
to cxidation. Exposure to high temperature and process
pressure as well as aimospheric oxygen during the
manufacturing of emulsions can deteriorate the quality by
oxidation of double bonds. LEs are produced by high-pressure
homogenization. The use of a backpressure module during
homogenization alleviates the pressure drop from the process
pressure up to 2000 bar back to atmospheric pressure at the
outlet. Different cooling systems are used to compensate for
the development of heat during compression of the emulsion.

Our aim was to examine the influence of the installation of a
backpressure module and two different cooling systems on
the formation of oxidation products in lipid emulsions.

METHOD

LEs containing either 20% soybean or 10% fish oil were
homogenized for six cycles at a process pressure of 22 kpsi,
using the Dyhydromatics HLED high-pressure homogenizer
{HPH). To investigate the effect of the backpressure module,
as well as the cooling system, the droplet size was measured
and the pimary and secondary oxidation products of the LE
were quantified with established assays namely the modified
ferrous oxidation xylenol orange assay [1] and the
thiobarbituric acid reactivity assay [2]. The assays were
adapted to work with minimal sample amount and optimized
fior high throughput in a microplate reader setup.

The results of the produced LEs were compared to readings
from three commercially available reference emulsions,
determined with the same assays.

Tak. 1: Dimensions of cooling systems

Studied cooling systems

Long 21 cm length, ¥ cm diameter, 27 coil windings

Small 5 ecm length, 4 cm diameter, 7 coil windings

Fig. 1: Disassembled small
cooling coil with 7 coil
windings

Fig. 2: HPH with installed
reaction chamber and
backpressure moduls
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Fig. 3: Comparizon of droplet sizes of different emulsions
manufactured using the backpressure module and without it
(n=1)
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Fig. 5: Droplet size of the emulsions as a function of the used
cooling system (n=1; same data as in Fig. 3 but rearranged
for easier visual comparison)
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Fig. 4. Secondary oxidation products (measured by TBARS
assay) of autoclaved emulsions to investigate the effect of
the backpressure module on oxidation (n=1)
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Fig. & Influence of the cooling system on primary oxidation
products of emulsions right after manufacturing (n=1)

soybean oil

RESULTS & DISCUSSION

The HLED HPH is by default not equipped with a backpressure
module and only with a small cooling unit. From larger scale devices
the potential benefit of extending the cooling unit as well as
alleviating the pressure drop was known. The design of these
preliminary experiments allows us to draw first conclusions although
each combination of conditions was investigated only once so far.
Droplet size:

In general, droplets of emulsions with fish il were smaller in size
than droplets of emulsions with soybean oil, due to the lower oil
content, but independent of the use of the backpressure module. A
trend towards smaller droplets when omitting any cooling was
detected.

Oxidation products:

While the levels of primary oxidation products were not significantly
different between the emulsions with soybean and fish oil (p = 0.05),
the levels of secondary oxidation products were significantly higher
(ip = 0.01) for fish-oil containing emulsions, independent of the
expenmental conditions. Due to the high degres in unsaturation fish
il is prone to oxidation. The levels of primary and secondary
oxidation products in soybean oil-based emulsions were within the
range of commercially available reference emulsions.

Influence of backpressure and cooling:

Any effect of the backpressure module or cooling unit during the
homogenization would be marginal compared to the influence of the
0il source. We are currently comparing these results for primary and
secondary oxidation products to the levels before homogenization to
address the effect of the homogenization process itself.
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CONCLUSION

Backpressure and cooling during the high-pressure homogenization had marginal effects on primary and secondary oxidation products of the lipid emulsions. A
trend towards smaller droplet sizes when omitting the cooling unit was detected. The main difference in droplet size and secondary oxidation products were
assigned to the type of oil in the emulsion. Droplet size was smaller and secondary oxidation product levels were higher when fish oil was used instead of
soybean cil. We are currently investigating the effect of the high-pressure homogenization itself on the cxidation of the lipids. Generally, no striking benefit of
upgrading the standard HLED setup with installation of a backpressure module or extending the cooling unit was found.
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Colonic Capsules for Bacterial Suspensions
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Introduction

Aim

The human microbiome comprises archaea, yeasts,

fungi, viruses and other eucaryotic colonizers and a large Engineering a capsule capable of

delivering orally aqueous aq

community of aerobic and anaerobic bacteria composed

of at least 500-1000 different species. [1]

suspensions of microorganisms Methods
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Incidence of Alzheimer’s disease in patients with cataract swiss
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INTRODUCTION

Previous research suggests a link between cataract and Alzheimer's disease
(AD), as postulated by one observational study [1].

AIMS

To analyse the incidence of AD in patients with or without cataract

METHODS

Study design:
Retrospective cohort study

Source population:
Patients registered with the UK-based Clinical Practice Research Datalink
(CPRD) aged =40 years

Study period: Jan 1995 to Dec 2019

Exposed cohort:
Patients with a first-ime cataract (diagnosis or cataract extraction)

Comparison cohort:
Random sample of general population, matched 1:1 to each patient from the
exposed cohort on age, sex, general practitioner, date of cataract recording

Exclusion criteria:
Diagnosis of vascular or other dementias at any fime or anti-AD medication
before cohort entry

Qutcome definition:
Diagnosis (Dx) of AD, =1 prescriptions (Rx) for an anti-AD drug, the 15 Dx and
1% R should be within 6 months

Statistical analysis:

Follow-up and assessment of person-time at risk (person-years, py) as well as
number of events in each cohort. Calculation of incidence rates (IR) and
incidence rate rations (IRR) with 95% confidence infervals (CI)

Sensitivity analyses:
a) Outcome as previously plus individuals with a diagnesis of "unspecified
dementia’ and =2 Rx for anti-AD drugs

b) Outcome as in a) plus individuals with a diagnosis of AD and one of the
following: specific dementia test, referral to an AD specialist, assessment
based on neuroimaging techniques, =2 recorded dementia symptoms

RESULTS

We identified 403'564 patients with a 1sLtime cataract and an equal amount of
cataract free individuals.
Figure 1 shows the selection process of the cataract cohort.
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Figure 1. Number of included patients with cataract after application of the exclusion
criteria

During follow-up, we identified 5'932 cataract patients with AD as well as 5'944 AD
cases among the comparisons.

The incidence of AD was slightly lower in individuals with a previous cataract and
the results for the two sexes differed only slightly (Figure 2).

However, patients with a previous cataract aged =79 years had a lower incidence
of AD compared with individuals of the same age but no recording of a cataract
(IRR 0.75, 95% CI 0.72-0.78, Figure 3).

The results of the sensitivity analyses remained unchanged.
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Figure 2, Incidence rafes of AD in individuals with a previous cataract and in confrols
without a recording of a cataract
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Figure 3. Incidence rate ratios of AD in individuals with a previous cataract compared fo
conirals without a recording of a cafaract

DISCUSSION & CONCLUSIONS

In contrast to a previous study, we did not observe an increased risk of AD in patients with cataract compared to the general population.

RE FE RE N C ES Lai SW et al. Cataract may be a non-memory feature of Alzheimer's disease in older people. Eur J Epidemiol 2014;29(6).405-9
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INTRODUCTION

It has been suggested that kidneys of women with chronic
kidney disease (CKD) may not sufficiently adapt to
physiolegical changes during pregnancy, but evidence is
aparsa.[1-4]

AIMS

The objective of this study was to describe pregnant

women with or without CKD in terms of demographics,
comorbidities, and changes in serum creatinine levels over
the course of pregnancy and until one year after delivery.

METHODS

Data source

= Clinical Practice Research Datalink (CPRD) GOLD

= UK-based longitudinal primary care database

= Information: drug prescriptions, diagnoses, demographics, certain
life-style factors, lab results. referrals to and diagnoses from
secondary care

Study design: Descriptive study
Study period: 1.1.2000 - 31.12.2012

Study population: AN pregnancies of women aged 18-55 years with
a singleton live-birth {extraction of pregnancies by Read codes
indicating delvery). Definitions are shewn in Figure 1.

Inclusion criteria:

= 22 serum creatinine (SCr) values during the total study period
|see Figure 1)

= 2 135Crvakle during baseline or trimester 1

Exclusion criteria: Pregnancy during baseline or post-pregnancy
period; dialysis, kidney transplantation. HIV er drug abuse any time
before end of study period: acute kidney disease during study period

Last menstrual period {estimated):

1. Recorded date of LMP (recorded Read code within 310 days
before defivery date")

2. Delivery date’ - 245 days (if pretermn delivery recording within 30
days before or after delivery date)

3. Otherwise. LMP was delivery date® - 280 days

"delvery date = date of first recorded Read code for a delivery
during any time period of 134 days

Categorization of pre-existing CKD: Estmated based on mean
eGFR (CKD-EPI formula) in baseline and trimester 1 {pre-existing
CKD is defined as mean eGFR < 90 ml/min'1.73m%):

= Moderate-severe CKD (eGFR < 80 mlimin/1.73m%)

= Mild CKD {eGFR &D-00 mi'min/1.73m~)

= Mo CKD (eGFR 2 90 ml'min/1.73m}

Statistical analysis: We calculated the percentage change of
period (definition: see Figure 1) mean SCrlevels after each period
and determined the mean difference of SCr between baseline and
post-pregnancy period in all groups separately.

RESULTS

Characterization of the study population: We extracted 3'492'634
pregnancies resuliing in live-birth, of which 40°888 pregnancies (38'968
women) met all inclusion and exclusion criteria (Table 1).

Change in serum creatinine levels (Figure 2):

* We observed the greatest decline in SCr in fimester 1 and 2 in all
three groups (moderate-severe CKD: -15.2%, mild CKD: -21.9%, no
CKD: -25.4%).

* The greatest increase in SCrlevels was observed between frimester 3
and post-pregnancy period 1 in pregnancies with mild and without
CKD, and between timester 2 and timester 3 in pregnancies with
moderate-severe CKD.

+ The difference in mean SCr levels [umolL] between baseline and post-
pregnancy period was +1.6 in pregnancies with moderate-severe CKD,
-5.6 in pregnancies with mild CKD, and 0.0 in pregnancies without
CKD.

Tatal itudy paried [sentinusus CPAD arealmant, = 2 507 yalus)

XD staging |rag: it & 1 SCr valus]

we !
{lait messtenal period.

L. stars of pregaracy) dauary
1 I I 4 1 TR I I !
r T T T T LE— T T 1
Bl b2 B3 B B @ 2§l @ @ @
,
f T ¥
asaling 1) pregnancy past-pragnincy perisd (p|

1365 darys| Perrester 1:3) {365 days)

Covmrinte ssamssment

Figure 1: Graphical illustration of time periods of one pregnancy (1 period = 93.3
days, i.e. 1 period hos the length of one trimester)
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Table 1: Renal filtrotion parameters and baseline charocteristics of the study population by severity of CKD

DISCUSSION &
CONCLUSIONS

+ Al three CKD severity groups ghare similar trends of
SCr levels during pregnancy (decline betwaen
trimester 1 and 2 in all groups, but most in women
with moderate-severe CKD), but SCr levels
increased in post-pregnancy period in women with
moderate-severe CKD while the other two groups
did not.

SCr levels in women without CKD retum to baseline
after delivery. In women with moderate-severe CKD,
SCr levels were higher after delivery compared to
baseline, which may indicate a permanent damage
of kidneys after pregnancy.

Sample size in the moderate-severe CKD group was
small and results have to be interpreted carefully.
This study highlights the need to carefully monitor
renal function during pregnancy in women with pre-
existing CKD, especially in the case of severe renal
impairment.

Age at delivery [years], 30.0 [26.0,34.0] 33.0 [29.0,37.0] 33.5[30.0,37.8]
median [IQR]

Renal filtration:

eGFR [ml-’min'1_?3mzl in 1129 (13.3) 81.4 (8.7) 502 (10.3)
baselineftimester 1, mean

(s0)

SCr [pmaliL] in 62.3 (9.3) 83.5(8.8) 130.3 (42.1)
baselineftrimester 1, mean

(5D)

M SCr values in total study 97'562 17332 761
period

N SCr values per 101,24 101,2] 11,3
pregnancy in

basslineftrimester 1,

median [IQR]

N SCr values per 2[2.3 202, 3] 32,5
pregnancy in total study

period, median [IQR]

Comorbidites:

Cverweight or cbesity 11352 (32.9) 2074 (33.2) 57 (37.0)
Pre-existing diabetes 3468 (10.1) 593 (9.5) 23 (14.9)
Pre-existing hypertension 6455 (18.7) 1373 (22.0) 71(46.1)
Systemic autoimmune 664 (1.9) 136 (2.2) 5(32)
disorder”

Immune-mediated kidney 202 (0.6) 53(0.8) 5(3.5)
disease”

MNon-immune-mediated 114 {0.3) 53 (0.8) 22 (15.5)
kidney disease’

Values are the number (%) unless indicated otherwise.

® Systemic lupus erythematodes andfor rheumatoid arthritis or other inflammatory
polyarthropathies andfor Sjogren syndrome or Sicca syndrome andfor dermatomyositis or
polymyesitis and/or systemic sclerosis and/or other connective tissue disease

= Chronic glomerulonephritis andfor vasculitis andfor hemolytic uremic syndrome

¥ Cystic kidney disease andior other miscellaneous other non-immune-mediated renal disease
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INTRODUCTION

Cycding of biologic or targeted synthetic disease modifying
antirheumatic drugs (b/tsDMARDs) in rheumatoid arthritis (RA)
patients due to non-response is a problem preventing and delaying
disease control.

AIMS

To assess and validate treatment response of bisDMARDs among
RA patients groups identified by deep leaming.

METHODS

Data source and study period - Swiss Clinical Quality
Management in Rheumatic Diseases (SCQM) [1920 and 2018)
Study design: cohort study

Study population: RA patients with first-time bitsDMARD use
{cohort entry) and a record of a disease activity measurement using
28 joints and erythrocyte sedimentation rate (DAS2E-esr) =8 months
before cohort entry

Features: demographics, fe-style factors, clinical information (e.g.
esr, seropositivity, pain level, number of tender joints). other
medication (i.e. conventional synthetic [cs] DMARDs)

Clustering: At cohart entry, we clustered patients several fimes
using a deep embedded clustering in combination with an adaptive
deep adaptive neural network (Figure 1) to create 2,4, and §
clusters with 2 different specifications (i.e. a total of 24 clusters).
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Outcomes: Within 15 menths after cohort entry, we assessed
bitsDMARD stop due to non response, and separately a 220%
reduction in DAS2E-esr as a proxy for treatment response

Data analysis: We described patient characteristics overall and
visually inspected each cluster. Because findings resulting from
individual clusters are not robust and each cluster was similar in
patient characteristics to at least one other cluster, we grouped
clusters according to most distinct patient characteristics

We assessed comparative effectivensss of biisDMARDs using Cox
proportional hazard regressien in each cluster estimating hazard
ratios (HR) with 35% confidence intervals (Cl). Because findings
from individual clusters may be chance findings, we compared
results among clusters belonging to the same group

Stratification is the preferred method to validate comparative
effectveness results obtained in clusters because it makes results
applicable to clinical practice by using fewer patient characteristics.
Therefore, we validated results through stratified analyses according
to most distinetive patient characteristics of each group of clusters
{.e. the grouping characteristics)

Autnsre der-decodar

RESULTS

Clusters comprised between 382 and 1481 patients per cluster among 3516 unique
patients. Owerall. at their first bitsDMARD use,.patients had a mean age of 55 years
and 76% were women. Median RA duration of patients was 8 years, §0% wers
rheumatoid facter positive, mean DAS2E-esr was 4.3, and 77% of patients
concomitantly used at least 1 csDMARD.

Figure 2 depicts a 20 Istent representation of clusters and suggests a very good
clustering {data points within a cluster are close together and all clusters are egqually
spread around the center)

»  Most distinct patient characteristics between dlusters — given visual inspection — were
sex, seropositivity, individual csDMARD use. prednisone use, measures of RA activity
and pain, and RA duration. These features were used te group dusters manually into §
distinct cluster groups:

1* group: Clusters of patients with highest frequencies of individual esDMARD and

prednisone use and a tendency towards seropositivity and no family history of

rheumatic diseases. Clusters in this group yielded a good response to tocilizumab

[significant HRs of 2.55-2 67, depending on the cluster). In stratified analyses for

validation purposes (see Table 1), among 723 patients with at least twe csDMARDs and

use of nisone, we confirmed the geod response to tocdizumab with an age and sex
adjusted HR of 548 (85% CI 1.76-16.84) when compared to adalimumab. Furthermore,
we observed a significant good response to golimumab and tofacitinib, and an increased
risk of non-response to golimumab.

2" group: Clusters of men with highest frequency of smoking and mean body mass

index. Clusters in this group yielded a good response to teclizumab (significant HR's of

6.76-8.54, depending on the cluster). In stratified analyses (see Table 2), among 837 men,
the good respense to tosilizumak was confirmed with an age adjusted HR of 8.44 {B5% CI
3.43-20.74). Moreover, we observed a significant good response to golimumab and

‘tofacitinib, but also a significant non response to golimumab.

3™ group: Clusters of seronegative patients with lowest frequency of prednisone

use and a tendency towards a higher proportion of women. Clusters in this group

yielded a high risk of non-respense with golimumab (significant HR's of 2.10-2 .53,

depending on the clusters). In stratfied analyses for validation purposes, among 580

seronegative patients without use of prednisone. an increased risk of non-response with

golimumab was not confirmed (age and sex adjusted HR of 1.03, 25% C10.94-4.19).

However, in a more specific population containing only wormen (n=452) [see Table 2], we

observed a signficant result of non-response with golimumak (age adjusted HR of 2.38,

05% CI 1.03-5.40).

4™ group: Clusters of seropositive patients with a high disease burden/duration and

atendency towards a higher proportion of women. Clusters in this group yielded a

high risk of non-response with golimumab (significant HRs of 2.45-4.54, depending on the

clusters). In stratified analyses for validation purposes (see Table 4), among 717 patients
with seropositivity and high disease burden/duration, we confirmed a high risk of non-
respense with golimumab with an age and sex adjusted HR of 3.75 (95% CI 1.54-2.12)

S group: Clusters of patients with low disease burden and a tendency towards

seropositivity and a higher proportion of women. Clusters in this group yielded a good

respense fo gefimumab (significant HRs of 2.56-3.15, depending on the cluster) and
tocilizumab (significant HRs of 3.38-6.43, depending on the cluster). In sratified analyses
for validation purposes (see Table 5), among both 2468 patients with low disease burden,

we confimmed a good response to golimumak with an age and sex adjusted HR of 2.72

(85% CI 1.63-4.57) and a good response to tocilizumab with an age and sex adjusted HR

of 3.4 (85% CI 2.04-6.48). Furthermore, we observed significant good respenses to

tofacitinib, and a significant non-response to golimumak.
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DISCUSSION & CONCLUSIONS

The deep embedded clustering identified several important characteristics by which the
machine leaming algorithm differentiated between clusters: sex, seropositivity, disease
activity, disease duration, csDMARD, and prednisone use. Furthermore, comparative
effectiveness analyses of bitsDMARDs among groups suggests that the optimal first
line bitsDMARD may differ based on identified phenotype. Results were validated using
stratified analyses with fewer, most impertant features to make results apphicable for
clinical practice.

Mon-response to golimumab among seronegative women without use of prednisone as
well as seropositve patients with higher disease burden and duration may suggest to
avoid this treatment in these patients. However, no other significant findings were
identified in these strata to help with freatment choice. Thus, adalimumab, the
reference treatment may be a suggestion; especially since a study which assessed
patient characteristics associated with treatment response to adalimumab suggested
also that concomitant esDMARD use as well as a high disease burden was predictive of
treatrment response [1]

A study assessing drug survival of golimumab within 2 years was not able to identify
predictors of response to golimumab [2] In our study, 3 strata (patients with at least twe
esDMARDs and prednisone use at btsDMARD initiation, male patients, as well as
patients with a lower disease burden) yielded a good response to golimumab. Yet, itis
likely that response was not sufficient to persist on golimumakb therapy given the equally
increased risk of treatment discontinuation with golimumab. This may have been due to
our outcome proxy for good response which was defined as a 220% reduction in
DAS2B-gsr which only reguires small improvement but yielded a sufficient number of
ogutcomes o perform analyses.

The same 3 strata (patients with at least two csDMARDs and prednisone use at
btsDMARD initiafion, male patients. as well as patients with a lewer disease burden)
further yielded a good response to tofacitinib and tocilzumab. Our results are not
consistent with another study suggesting that a higher disease burden is a predictor of
treatment response to tocilizumab, however the cutcome definiion was difierent and
the response was assessed after & months [3] Monetheless, attention should be paid to
tofacitinib which was recently shown to have an early effect on pain reduction]4.5]
which may work most efficiently in these 2 strata (i.e. patients with at least two
csOMARDs and prednisone use at bisDMARD initiation, male patients, as well as
patients with a lower disease burden).

To conclude, our study may suggest optimal first-line bitsDMARD use in certain patient
groups. This is a step forward towards personalizing treatment in RA patients. However,
further research in other cohorts is needed to verify our results.
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eHealth denotes the use of electronic tools in healthcare
to improve processes and connect patients with health CONCLUSIONS
care personnel. We are developing an eHealth platform for e included 77 HEN patients (63% females) looked after by two diferent HPN patients are open towards an eHealth platform for
home parenteral nuirition (HPN) patients, including video & neiuce patients ( males) looked after by two differe Videoconfarancing with physicians care support, including video follow-up visits. Important
consultations, instructions (e.g. for patient education), and HPN centers. Mean (SD) age was 56 (14) years and median (range) criteria for the design of the eHealth platform were
interaction with patient support groups. In addition, this duration of HFN was 471 (28-5452) days. A majority of participants (n = Videocanferencing with disticians identified and confirmed by HPN patients. Such an
atform wil 4 eatment- 23, 85%) reported using a smartphone, tablet or computer and 17 (63%) -
platiom wil serees 2 wp";,r:-alnrte postiony for eament rated their digital skills as proficient. Almost half of the participants (n = 11 Videssent with eHealth platform has great potential for the care of
and care-rela ata for patients and medical 3 - : escenferencing with nurses : P
41%) found it cumbersome to go to the hospital for follow-up visits and 20 HPN patients. We plan a validation study to evaluate
(74%) were open to video follow-up visits. Easy operation of the platform Videecenisransing with homecars the ben.e‘lits of follow-up '\"|5“3_9 via V|d90‘3_0nfe|'9nm ng
was important to 18 pariicipants (67%). Few patients (6, 22%) were Chacklisis for BN versus in person usual care in those patients.
interested in connecting with other patients in support groups. cathatar and pump nnndlngl |
Dala protection |
AlNS TobetSuseinecnarnstes
For the creation and implementation of such an eHealth ‘Wideo instructions |
platiorm, out aim was to know the attitudes and No. of participants 27 | |
ectati of HPN patients rds eHealth_ Autornatic ardering of PM material
exp ions patients towards eHeal Female, n (%) 17 (63)
Automatic distary records
mean (SD) | |
T T T T T T T T T T |
Age, years 56 (14) o WMo W 40 S0 Ed D B0 80 100
Parenteral nutrition: median (range) Percartage
Dum“on‘ day_s 471 (29_5452) Figure 1. Percentage of participants who rated the proposed components of the platform as
Frequency, nights per week 7(3-7) important
Involved personnel: n (%)
Physician specialized in PN 26 (96%)
General practitioner 3 (11%) Vet l
K p Infusion plan and adminstrabon delails |
SDITE)( {hnme I"ILII'SE] 18 (6?%) Medication plan and intake |
METHODS Possession of electronic devices: n (%) Other test reaults (e.9. bone mineral density)
We conducted an anonymous survey on the attitudes and Cell phone 7 (26%) Mux;@
expectations of HPN patients towards eHealth. We Smartphone 20 (T4% an
interacted with patients in person or by phone. The P { ) Laboratory paramesers.
questionnaire consisted of 18 guestions on HPN care, Tablet 10 {3?%) Repaonts from different hospitalsipractices
familiarity and experience with digital devices, aftitudes Computer 19 (70%) Stool requency and consistency
and expectations towards video consultations and other None 0 (0%) Catheter phatos
compenSris ST miengsd petem Bocd prese CONTACT INFORMATION
Blood glucose |
Baody termperaiue | Email: katja.schoenenberger@extern.insel.ch
Dwatary reconds |
Stoma loss |
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Perceniage
Figure 2: Percentage of participants who rated the proposed data fo be sfored and
collected on the plafform as important




Markers of Complement and Coagulation in Diabetes
Patients treated with Dapagliflozin
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INTRODUCTION

Diabetes mellitus is a major cause of morbidity and
meortality. It is characterised by an increase in klood
gluccse levels due to absolute (type 1 diabetes) or relative
{type 2 diabetes) insulin deficiency.

Subjects with diabetes have an increased thrombotic
tendency which can promete the development of cardio-
vascular diseases. This tendency is partially due to
alterations in plasma levels of coagulation proteins.
Moreover, diabetes is associated with a proinflammatory
state partially due to alterations in complement proteins.

AIMS

A recent pilet study suggested that short-term
dapaglifiozin treatment in type 1 diabetes patients leads to
a higher increase in the incretin hormone glucagen-like
peptide-1 (GLP-1) following oral glucose intake than
placebo treatment [1]. Since GLP-1 receptor agonists
have been shown to inhibit thrombus formation, a
treatment with dapagliflozin might have a beneficial impact
on the thrombotic risk profile in type 1 diabetes patients.
Therefore, the effects of a short-term dapaglifiozin
treatment for type 1 diabetes patients on the plasma levels
of coagulation markers as well az complement markers
were investigated in two pilot studies. t was focused on
the markers known to be elevated in diabetes.

RESULTS

The Dapal1 study included & female and 7 male patients
with a duration of type 1 diabetes between 7 and 36 years
(average 24 years). Their ages were between 24 and 58
years with an average age of 41. Five patients had
comorbidities and two had comedications. Three patients
had diabetes-related complications.

The Dapal2 study included 5 female and 2 male pafients
with a duration of type 1 diabetes between 7 and 33 years
(average 13 years). Their ages were between 21 and 47
years with an average age of 27. One patients had a
comorbidity and 3 had comedications. None had diabetes-
related complications.

METHODS

The participants of two cross-over intervention studies
received 10 mg dapagliflozin or placebo per 7 days
{Dapal1; 13 participants) and 17 days (Dapal2; 7
participants). Plasma samples were taken at baseline and
after dapaglifiozin and placebo treatment.

Plasma levels of complement and coagulation markers
were quantified with sandwich ELISAs. Quantified
complement markers were mannose-binding lectin, C3,
and terminal complement complex. High-sensitivity C-
reactive protein was measured as inflammatory marker.
Quanfified coagulation markers were tissue factor, factor
Wil factor X, fibrinogen, DDimer, tissus plasminogen
activator, and plasminogen activator inhibitor-1.

The patients’ coagulation and fibrinolytic capacities were
measured with a turbidimetric clot formation and lysis
assay.

Statistical analysis was performed with IBM SP5S
statistics 26. A dependent t-test for paired samples was
performed for normally distributed markers and a paired
Wilcoxon test for not normally distributed markers. An
alpha-level of 0.05 was considered statistically significant.

After a week of dapaglifiozin intake (Dapa01), there was no
significant change in plasminogen activator inhibitor-1,
fibrinogen, terminal complement complex, factor VI, tissue
plasminogen activator, mannose-binding lectin, DDimer, C3
and tissue factor compared to the baseline value as well as
compared to placebo intake. Factor Xl and high-sensitive C-
reactive protein levels (Figure 1) after dapaglifiozin intake did
not differ significantly from the baseline value (P = 0137 and
0.245). However, there was a significant increase in those
two markers after dapaglifiozin intake compared to placebo
intake (P =0.012 and P = 0.038).

After two weeks of dapaglifiozin intake (Dapa02), there was
no statistically significant change in any of the measured
coagulation and complement markers compared fo baseline
and dapaglifiozin (data not shown). Tigsue factor could not
be measured for the Dapa02 study due to logistical
problems.

In the turbidimetric clot formation and lysis assay, the area
under the curve and the time from 0% clotting to 50% lysis
were measured for each participant (Figure 2). After a week
of dapagliflozin intake, there was no statistically significant
change in the time from 50% clotting to 50% lysis and in the
area under the curve compared fo baseline and compared to
aweek placebo intake.

The turbidimetric clot formation and lysis assay was only
performed for the Dapa01 study but not for the Dapal2
study.

=0m L

Comcanaration %]

aes e m
"o e

(R T]

[ Cupmgbfusn Placese [, Cupmghfiasn Plate

Figure {1: Scatfered plots for bwo of the measured markers for the Dapald study with 13
participants; A: High-sensitive C-reactive protein; B: Fachor X111

The piot shows the plasma levels for each individual parficipant af baseline, affer 7 days of
dapagiifiozin intake and after 7 days of placebo infake

DISCUSSION & CONCLUSIONS

The results indicate that there is no beneficial impact of a dapaglifiozin
treatment on the prothrombotic state in type 1 Diabetes due to a
decrease in complement and coagulation markers known to be
elevated in diabetes. However, this does not have to mean that there
is no heneficial impact on the cardiovascular risk, since the
concentrations of coagulation and complement proteins are not the
only factors influencing the cardiovascular risk.

The complement and coagulation markers do not increase with the
treatment with dapaglifiozin. This indicates that the prothrombotic and
proinflammatory state present in diabetes is not aggravated with a
dapaglifiozin treatment.

However, one week respectively two weeks of freatment could be a
too short intervention period to already have an impact on the
expression of complement and coagulation proteins and thus their
plasma levels. A longer intervention period could provide different
results.

Moreover, the plasma levels of most of the markers commonly
elevated in diabetes were already in the range of physiclogical plasma
levels for most patients at baseline. For patients with elevated
baseline levels, the treatment with dapaglifiozin might result in a
alteration of the plasma levels.

Finally, our pilot studies included only a small number of patients, so
larger studies are required to confirm the result.

In conclusion, shori-term dapaglifiozin treatment for type one diabetes
mellitus pafients seems to have no effect on the levels of complement
and coagulation markers which are known to be elevated in diabetes.
With regard to the complement and coagulation markers, dapaglifiozin
(Forxiga®) could be used for the treatment of type one diabetes
mellitus. This is due to the fact that it does not increase the markers
commonly elevated in diabetes.

Nonetheless, further studies with a longer intervention period and
including a larger number of participants are needed to confirm these
results. In addition to this, patients with elevaied levels at baseline
should be included in those studies.
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Figure 2: Box plofs for the measured markers of the turbidimefric clot formafion and fysis
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assay for the Dapa0{ study with 13 participants; A: Time from 50% ciofting to 0% lysis; B:
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Establishing a screening platform for the biological evaluation and swiss
modulation of complement-related integrin receptors

C.PLUSS, E.

INTRODUCTION

The complement sysie firss of defense against pathogens and is
composed of various plasma proteins and tors. Complement can be activated via
three pathways, which all kead to C3 convertase formation. They aciivate C3 fo C3b,
which covalently binds to foreign surfaces and marks them for efimination. Degradation
of C3b result in the fragments iC3b and C3d that engage complement receplors 3
and'or 4 {CR3, CR4) to mediate phagocylosis. Due to its key roles in immune
survaillande and inflammation, inappropriate complement activation is imvolved in several
clinical conditions. The therapeutic modulation of immune and inflammatory signaling via
complement recaptors is therefore an attractive option for drug development. '
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The B integrin family of adhesion molecules are involved in migration of leukocyles to
sites of inflammation, cell adhesion to the endothelium, immune synapse formation, and
the phagocytic removal of complement-opsonized particles ? B, integrins form
heterodimeric complexes, consisting of a distinct a subunit and a shared B; subunit
{left). All B, integrins need activation to becoms fully functional. In the ina
conformation, integrins form a closed, bent structure, whereas upon activation the

>5 to an extended, open headpiece (right). This also exposes the al
domain, which is the major ligand binding region.

Ligara (.
aul
CD11d LFA1 CR2 CRa
(o) (=) (@) (o) Eﬁ
' AN
N G -
Inacthe CR3 High affnity CRI

AIMS

Characierizing s Integrin receplors as polential therapeutic targets.

= Compliing & Ibrary of major Bgand-binding domains and physiolegical or therapeutic igands
with an emphasis on compement receplons (CH3, CR4).
Estabilshing an assay platiorm for measuring drug-target interactions.

METHODS

Recombinant forms of the al domain of ai four B, Integrin famiy members were axpressad In
E. ool and purified by afnity chromatography.

= Surlace pESMON resonance (SPR) was used to determine amnity and onetics (direct
binding) and evaluate competition beween afferent Bgands.
Adheslon essays are currently established to determing the funchional and sekectivity
spactra.

RESULTS

Expression and purification of recombinant ol domains

~=C)-

Recombinant forms of the el domains in the wildiype (WT) and high affinity (HA) variant of all four
B, integrins were expressed in £, coll and purified by affin hromatography using GST and'or
His6 affinity tags. The 15% SDS-PAGE shows the purified a domains.

[Coomassie Briliant Blue staining: non reducing conditions; M = protein marker)
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Binding affinity to complement opsonins
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The activity of recombinant CR3 and CR4 al domains for their biokogical ligands, Le.. C3-based complement opsonins, was tested by surface plasmon resonance
(5PR)}-based interaction analysis. For this purpose, plasma-purified C3b, T3, and C3d w immobilized through amine coupling on a CMDS00M sensor chip in
comparable levels and the purified proteins were injected at different concentrations. The assay revealed a dose-dependent interaction pattern, in which the CR3
| domain closely followed a 1:1 binding model and showed a clear preference for iC3bC3d over C3b. Conversely, the CR4 a,| domain bound sironger to
C3biC3b than C3d and showed small but notable deviations from a 1:1 model at higher concenirations.

Simvastatin as an antagonist of CR3?

Binding of HA eyl to iC3b Binding of HA ey toiC3b Inhibition of ligand binding by
100 simyastatin

] aMl binding o C3d r -
£ e ~—al binding b 03 @ Smasiatn

= —y
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k a0 ~—a¥] binding 1o iC3b =
.
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time [5) 0 25 s 75 100 L=
! Simvastatin (M)
SPR Sensor Chip

Simvastafin was previously shown to allosterically inhibit LFA-1# and, more recently, was pmp(rs—:'d ftoactasa compc'i'iut‘ .'Jn':J-_:;ani'.;'. of opsonin binding by the
CR3 oyl domain.® Using our SPR-based binding assay, we re-evaluated the efiec sk teraction whils also exploring
potential effiects on the CR4 ayHC3b interaction. On a iC3/C3d-imme 'r->|d|'|| [= :mdcntmlr:n of CRZ ayl and CR4 ayl (5 pM)
Wi jer in the presence of increasing concentrations of simva nhibitory effect of simvastatin could be observed for both
proteins, the plateauing at -50-70% inhibition may suggest an allosteric rafl r'r“r than direct competitive interference.

Development of an adhesion assay
We are currently developing a V-well adhesion assay® using the
recombinant al domairs, which are bound to GSH-coated

fluar =ntly labelled beads. The al domains should adhere to
ligands thal ed io the well. Centrifugation leads o
accumulation of unbc:und protain at the botiom of the plate.
Fluorescence is measured only at this place.

+ Inhibitor
| at the
e

Oy igand
M signal at the
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bottom of the: plate

DISCUSSION & CONCLUSIONS

In this study, we established the recombinant expression of the
major ligand-binding domains of CR3, CR4, LFA-1, and
CD11d/CD18E.

We validated the activity and selectivity profile of CR3 and CR4 by
SPR and showed strong yet distinct binding to opsonins, thereby
confirming the biological activity of the proteins.

Initial drug interference assays using simvasiatin support the
hypothesis that the activity of CR3 and CR4 can be modulated,
similar to LFA-1, with small molecules.

It is anticipated to use the recombinant al domains of f, integrins
in functional studies and for CR3/CR4-targeted drug development,
with a potential expansion to the other [, family members at a later
stage.
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Targeting protein-protein interactions of DNA polymerase (

to circumvent chemotherapy resistance
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INTRODUCTION

+ Platinum-based drugs are chemotherapeutic agents that form
DNA adducts. These adducts impede DMA replication and
evoke cell death.!

+ Translesion DNA synthesis is a mechanism involving
replication past DNA adducts, thus allowing cell survival and
resistance to platinum-based drugs.

+ The inhibition of hurman DNA polymerase £ (hPol {), an enzyme
involved in TLS and whose expression increases upon platinum
drug therapy, is a promising strategy to chemosensitize cells to
platinum drugs.23#

+ The binding of Rev3 to the “seatbelt” region of Rev7 is essential
for the activity of the enzyme and induces a conformational
change in Rev7, from an «open» to acloses state ®

+ Compound C disrupts a key protein-protein interaction
between two subunits of hPol { , Rev3 and Rev’?

wnmg resistance

l hPol Z inibition

%Drug efficacy

hPaol R,
expression
high  low

Plannurn based -
drug ﬁ

AIMS

» Design and synthesize a series of analogues of compound C.
+ Develop biechemical assays to evaluate their effectiveness.

+ Characterize the mechanism of Rev3 displacement from Rev7.

METHODS

+ Computational modeling and chemical synthesis to generate
inhibitors of the Rev7-Rev3 interaction.

+  Protein expression and purification of Rev7-Rev3 complexes.
» Development of microscale thermophoresis (MST) and Ni2~

pull-down assays to study the structure-activity relationship of
the small molecules.

RESULTS

Library of small molecule inhibitors of the
Rev7/Rev3 interaction

i
n
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G

Chemical structure of compound C. molecular modeling based on Revi/Rev3 crystal
structure (PDB 4GK0),* and small molecules synthesized.

» The hypothesized binding pocket is mostly lipophilic.

- Modification of compound C will vary its lipophilicity and
hydrogen bond potential in the Revi pocket.

Development of a Niz* pull-down assay to s

°“ @ Tmn o @

RevT seatbelt Collect sample C
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Quantification of the small molecules binding
affinity to Rev7 by microscale thermophoresis
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Experimental setup for the MST experiments, and
nomalized flusrescence traces obtained for compounds A and C.
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» Microscale thermophoresis (MST) measures changes in
fluorescence intensity to detect binding events.

+ Preliminary results indicate an I1C,, value of 82 + 12 pM for

compound C binding to Revi, while no fitting curve can
be obtained for compound A.

tudy Rev3 displacement from Rev7

DISCUSSION &
CONCLUSIONS

» Six analogues of compound C have been
designed and synthesized.

» Biochemical assays have been developed to
evaluate the effectiveness of the small
molecules. The results of these assays are
expectad to provide mechanistic insights
into the function of hPol Z.

» Preliminary MST results indicate an 1C,, value
of 82 £ 12 pM for compound C binding to
Rew7, while no IC;, value could be obtained
for compound A in similar conditions.

Compound C also shows a stronger effect in
displacing Rev3 from Rev7 in the Ni#+ pull-
down assay, compared to compound A.

These preliminary results confirm that
replacing the 1-acetyl-4-methylpiperidine
moiety of compound C with a hydrogen
strongly reduces its binding to RevT and its
activity in disrupting Revi/Rev3 interaction.?

The development of new inhibitors that target
the Rev7-Rev3 interaction of hPol  will
contribute to the development of more
effective chemotherapeutic strategies aimed
at combating drug resistance.

We thank Prof. Hiroshi Hashimoto and Prof. Dmitry Korzhnev
for kindly sharing their RewT/Rev3 plasmids with us.
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Workflow of the Ni** pul-down assay, SDS-PAGE obtained for compound A and C, and quantification of Rev3 release for compound A and C.

» Preliminary results indicate a stronger effect of compound C in displacing Rev3 from Rev7 compared to compound A.
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Structure-activity assessment of the leech-derived
complement inhibitor BD001
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INTRODUCTION RESULTS

The complement system is a vital first-line-of-defense barrier

against microbial intruders, yet can turn against host cells and Expre%ion & Pl..lriﬁcalion Of Hecombil'lanl BDU’U"

tissues to cause clinical conditions such as hemolytic anemia or Won g L} Fr
P . e . 7 —_—
reperfusion '_'11”'—" \e.g., :' lowing transplantation or stroke]. Genes with the mutation of interest were amplified by PCR and, after ligation into a pET15b vector, -
The interast I: t":efrapEL.t e that can nl-':'d'JI e '0: plement ::I the plasmid was transformed into E. coli. Proteins were expressed for 60 h at 18°C. After homogenization,
af: tivation is therefore growing. Complement can be activate proteins were purified via thei His-tag using metal affinity chromatography and characterized by using
'_ - SD5-PAGE and nanoD5F. Both wildtype BD001 and BDOO1-derived mutants were successfully obtained,

he initiation of t:-t_t"tl'e CF and LP = ".“EE”*“‘d by serine and correct protein folding was shown by nanoDSF analysis. Y . .
proteases (i.e., C1rfC1s and MASP1/MASP2, respec ¢ 0 40 0 a0
induce the formation of a C3 conve Temparsiurs ']
generation of potent ef"'cnl:!rs (e.g., membrane attack complex, Evaluation of Inhibition Profiles in Biochemical Assay's :_er:: 1:: sns-n%iefshan- 3 sel:l:tlal; a;urrl.tnt.: with BDDD:er watives :;_em- m.l:le atthe exp:l:t:tli he -r:;: 1d6 KDz
opsonins, anaphylataxins). ight: The nanoDSF results provide the folding of 2 selection of inhibitors. The graphs are mainky overlapping, leading to
the conclusion that the folding of the different inhibitors is similar to the wildtype.

he dlassical (CP), lectin (LP) and alternative pathwa

All proteins were tested in different bicchemical assays like chromogenic substrate assay, ELISAs and haemolytic as

(not shown).

Effector Functions and

Elimination of Pathogens Chfﬂmo!!ﬂllﬂ Substrate A“w CP and LP ELISA
Clinlcal Complizations
Target activity for C1s was measured as reduced generation of a To determine the pathway-specific

cleavage product in the presence of BDN01 mutants. activity of the different mutants, CP

and LP ELISAs were performed bl-r' DISCUSSION & CONCLUSIONS
h ! S T 'i costing assay plates with M or - - Our initial SAR study already provided important insight into the
—_— T mannan, respectively. Upon addition of molecular determinants of target activity and selectivity of the parasite-

2

normal human serum, complement derived complement inhibitor BD0OO1, thereby paving the way for
activation can be determined as C3b . . . . B -
rational protein engineering to develop the protein as drug-like entity.

i
{

rassizan bindrg Normalized Inhibition at deposition. High inhibitory activities
= mmsmm;“‘— t=30min, inhibitor conc. 1 uM _ are documented by low C3b detection. QOur study showed that the use of off-the-shelf tools for mutant
- . . L) L screening are of limited predictive value. We are therefore currently
" %!“: o _?f;?lh prfd:.:es N 122:: I_.Ij T:Id I:.vrg . 10:‘ H establishing enhanced computational methods for the next
12 anc MASPL/2 and thereby mpars complement attack 2% WSSMEINANN 125  Classical Pathway ELISA 1287 Lectin Pathway ELISA optimization steps.
Our group explores the therapeutic value of BDOO1 and _§ 7 _wm ki - -| 2 Intriguingly, and despite these limitations, certain BDO0O1 mutants
previously succeeded in expressing the protein in prokaryotic @ [T ] E € 100 showed generally enhanced activity in the biochemical assay while
systems with yield, purity and activity. Importantly, thi 5i B C mem | ® g £ 7o SOME eVen exert a notable shift in pathway selectivity.
:ti.:cn: iaér::;l;)gccl; es structure-activity relationship (SAR) 2 “ % g This suggest a potential for influencing the activity,/selectivity of BD001
BOOMLK E3 50 through tailored mutagenesis and support the conduction of detailed
[ B o a SAR studies as part of this project.
= BO0Zm L] 8 8 25

Overall, our findings establish BDOO1 derivatives as interesting leads for
further development towards treatment options for clinical conditions

= Es such as autcimmune hemolytic anemia or ischemic-reperfusion injuries.
In an initial screeening assay to identify the most promising inhibitors, al Eggggéiggsagg EEEE aigsigggagggigaigg
mutants were tested at a final concentration of 1 pM, resulting in residual Cls

activities as shown in the table and graph above. inhibitors with Cls activities
below 40% were selected for a full activity assay. REFERENCES

When performing concentration-dependent - Lambyris 1D, Rickfin D, and Geibrecht
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sion by human pathogens.
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Insight into mode-of-action and structural determinants of the
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INTRODUCTION

The complement system serves as «first line of defenses
against injurious stimuli and invading and leads to pathogen
clearance and opsonic cell killing. Yet complement has gained
increasing interest as a potential drug target, since it may be
inadvertently triggered, thersby contributing to dlinical
complications in the pathogenesis of various autoimmune,
inflammatory and age-related diseases.
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The arsenal of available complement therapeutics has long
been limited and it was only recently that pegcetacoplan
{Empaveli, Apellis) has been approved by the FDA
Pegcetacoplan (i.e,, Cp05S-PEG-Cp05) is based on a second-
generation analog of the peptidic C3 inhibitor compstatin
{Cp05), which has been originally identified by phage display
[1]. Derivatives of the compstatin family have reached clinical
development for the treatment of paroxysmal nocturnal
hemoglobinuria (PNH), age-related macular degeneration
{AMD), periodontal disease, and COVID-19-induced acute
respiratory distress syndrome_

identified by phage display 1996:
NCVVGDWGHHRCITAGHMANLTSHASAI

Compstatin_ Ac-I[CVVADWGHHRCIT K = 4000 nM
cpii Ac[CVWQDWGAHRC]T Ko = 150 0M
Cp0s Ac-[CV{IMeW)GDWGAHRC]T Kn= 12nM
Cpdo VICV{1MeW)GDWSarAHRCImI  Ko= 0.5nM
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RESULTS

MD confirms D-Tyr-1 forms new contacts to protein

Mono- and bivalent compstatin analogs exert distinct target
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Crystal structure reveals key contacts of . e oo R
c L C3b ‘ Tl‘:;; - Intramelecular interactiens § v 0 Cp05*,PEG
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walka a = Kp,= 15 nM
IMe W5 —— . 3 & a -
Sk - The N-terminal extension of the | = . | an
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Ala10 - of 5.4 kcal/mel compared to the AtiMt
His11 o acetyl group of Cp0l. Furthermore,
Arg 12 - -
s . D-Tyrl is important for stabilizing the — — 2'CpOS-PEG 40k Kp=5 ni
milaci [re— N-terminal part of the peptide by, g — cons K =5 nM
Tavorable In G40~ favarable in oL forming intramolecular lipophilic | 3 20 e v
interactions to lle2. g 40 The bivalent compstatin analog
n N o 2*Cp0s-PEG 40k  shows a distinct
SAR: mlle-14 and (1Me])Trp-5 increased affinity . activity mode with a preference for
most profoundly compared to Cp01 © 1 surface-bound C3b, whereas the
wog monovalent  analog Cp05  bind
| < chenged o [} fold decrease in affinity | 0 300 800 000 1200 equally well to circulating and
— Time (s) surface-deposited C3-based targets.
The crystal structure confirms that D-Tyrl interacts T " " T
with 3 hydrophabic pocket on the MG domain and | e | 1110 (175 Cp40 is inhibiting C3 activation as PPI inhibitor
suggests a distinct lipophilic cavity to be filled by the Ala1d T Without inhibitor: Cp40 prevents the initial binding of the C3
methyl group of {1Me)Trp-5. Surprisingly, three of the deltald B2sx oMo FEIFD C3a substrate to C3bBb, therefore C3 cleavage
14 amino acids in Cp40 {Asp7, Argl2, milel4) do not ad 0 ‘ and C3b deposition cannot take place.
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AIMS

To provide a detailed understanding of the 3™ generation
compstatin derivatives in

+ target binding,

+ target selectivity of different constructs and

* mode of action.

METHODS

In this study, we combined a newly resolved co-crystal structure of
Cp40 in complex with C3b with molecular dynamics simulations. Direct
binding studies of compstatin derivatives yielded a detailed structure-
activity-relationship profile. We compared the binding modes of mono-
and bivalent compstatin derivatives concerning target binding in
solution {ITC) and on surfaces (SPR) by using a surrogate of
pegcetacoplan. By employing surface plasmon resonance studies we
investigated the molecular mechanism of C3 inhibition by Cpd0d.

DISCUSSION & CONCLUSIONS

SAR : (1Me)Trp has most profound effect on affinity, Asp-7, Arg-12
and mille-14 relevant for binding.

* D-Tyr-1 addresses new binding site {co-crystal and MD).

* SPR mechanistic study: Cp40 is a protein-protein inhibitor, inhibiting
C3 activation, not C3 convertase assembly.

The results of our study will guide the future development of a

promising class of complement inhibitors.
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INTRODUCTION

In-depth in vitro and in vivo characterization of targefing
agents for molecular imaging and radicligand therapy
key for the success of the radiopharmaceutical
development. So far the characterization of the targeting
agents invelves the handling of radicactive substances
and thus can only be performed at centers that are
specialized in radiopharmaceutical sciences. The
extremely high sensitivity of inductively coupled plasma
mass spectrometry (ICP-MS) and its wide dynamic range
allow the detection of various non-radioactive metals at
ultra-trace levels.

AIMS

The geal of this study was to establish the use of ICP-MS
for the characterization of the targeting agents (Figure 1a

and 1b) to support the development of new candidates for

radioligand therapy in a classical phamaceutical
environment. It should be tested if ICP-MS would deliver
comparable resulis to the state-of-the-art assays that use

radioconjugates for the characterization of imaging probes

and RLT candidates.

RESULTS

METHODS

RPC-ICP-MS Samples for quality contral (QC) studies of
metal-DOTA-peplide complexes were prepared in
diluted rat blood extract with addition of DTPA. The
formation of black carbon deposit on the cones was
hindersd by adding oxygen to the nebulizer argon flow
(Figure 3a).

SEC-CP-MS was used for QC studies of small proteins
conjugated with a metal-chelator-complex. To hinder
the formation of salt crystals on the cones (Figure 5a)
and torch and to achieve separation of the ['"*Lu]Lu-
DOTA-single domain antibody (3dAB) from the free
[7"5Lu}-DTPA on the column (Figure 5b), 20 mM
ammoniumacetate buffer was used as mobile phase.
Apomyoglobin (0.01 %) and DTPA (254 pM) were
added to the samples.

In Vitro Uptake and Internalization Study For analysis
of cell samples by direct infusion ICP-MS methods,
samples were prepared by microwave assisted nitric
acid digestion (Figure 4a). Cellular uptake and
intemalization studies were performed with ['7*Lu]Lu-
DOTA-peptide (Figure 4b).

Figure 1: [a) Schematic representation of [175Lu]Lu-DOTA-peptide and [b)
[*5Lu] Lu-DHOTA-sdAB

spray pasma e Teguansy
chamber farch v susphy |

Microwave
Add nitric 10 min
acid (69%) @ 150 °C
— %
B
-t
Dilution for Analysis by
ICP-MS ICP-MS
] _—

Figure & (a) Sample
preparation with
microwave assistad
nitric acid digestion.
{b) In vitro uptake
and internalization
data of [*Lu]Lu-
DOTA-peptide. LOQ,
for lutetium-175

In witro Uptake & Internalization

-
-

DISCUSSION & CONCLUSIONS

Various methods were successfully established to use inductively coupled
plasma mass spectrometry (ICP-MS) in comiination with either reversed
phass chromatography (RPC), size exclusion chromatography (SEC) or in
constant infusion mode for the characterization of potential candidates for
nuclear imaging and radioligand therapy without the need of handling
radioactivity. These characterization methods include RPC/ISEC-ICP-MS
for quality control of the peptide and biologics targeting agents after
complexation with stable metals, such as lutetium-175, to verify the
absence of free metals, free chelator and other metal containing
metabolites in the probes before they go in witro or in vivo. Direct infusion
methods for ICP-MS and protocols for cell sample preparation were
established to define the ligands’ binding behavior with in vifro cellular
uptake and internalization expernments. Having these applications of the
ICP-MS implemented, it can be concluded that the ICP-MS has the
potential to support early evaluation of new targeting agents as
complementary method to the state-of-the art methods which use
radioactivity. As next steps, experiments are planned to test the
applicability of ICP-MS for other in witro and in vivo assays to examine the
performance of biclogics and peptide metal-conjugates. These
experiments will cover in vifro serum stability experiments to identify metal-
containing metabolites of the metal-conjugates and metal exchange with

Figure 2: Systematic overview of an ICP-MS. was 012 endogencus metals using the SEC/RP-ICP-MS but also the constant
infusion methods for in vive biodistnbution experiments in tumor bearing
mouse models.
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Figure 3: [a) Formation of black carbon deposit on platinum sampler conz. (b)
Separation of [{™Lu]Llu-DOTA-peptide spiked with free [*SLu]Lu-DTPA. c] Linear
range from 2 nM to 2.5 pM for [75Lu]Lu-DOTA-peptide (R? = 0.998) and [d) from
46 pM to 57 nM for [“SLu]Lu-DTPA (R? = 0.982) .
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Figure 5: (a) Formation of salt crystals on the sampler and skimmer nickel cones.
(b} Separation of [1™Lu]Lu-DOTA-sdAB spiked with free [7*Lu]Llu-DTFPA. (c) Linear
range from 2.5 nM to 91 nh for [*Llu]lu-DOTA-sdAB (R? =0.999) and [d) from
1.1 nM to 57 nM for [5Lu]Lu-DTPA (R = 1.000).
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INTRODUCTION

Essential oils (EOs) defined according to the European
Pharmacopeia (Ph. Eur.) are odorous natural products
obtained by steam distillation, dry distillation or a
suitable mechanical process. Mono- and
sesquiterpenes are the main metabolites found in pine
EOs.! In order to guarantee appropriate quality of
therapeutically used herbal substances the
establishment of reliable and fraceable qualities isa
major concem. The supply chain for EOs usually
involves many steps during collection of the starting
material to the finished distilled product. Previously,
our group investigated the chromatographic profiles of
primary EOs of Pinus (P.) sylvesiris obtained from
traceable authentic plant material and developed a
partial least squares discriminant analysis (PLS-DA)
model for the comect taxonomic classification of
closely related pine species.!

AIMS

The present work evaluates the chiral gas
chromatographic-flame ionization detector (GC-FID)
profile of primary and commercially availahle pine EOs
as additional tool for authenticity control.

METHODS

Primary pine EOs were obtained by steam distillation
from needles and twigs collected in Europe, Siberia
and Canada. Commercial EOs of P. sylvestns were
obtained from the three registered suppliers for F.
sylvestris EO (1-4, European Chemicals Agency
[ECHA] and local providers, respectively. The chiral
GC-FID analysis was performed using a BGB 176 SE
capillary column (30 m x 0.25 mm i.d., film thickness
0.25 ym). Helium was used as camergas ata
constant flow rate of 2.5 mli/min. The oven temperature
was kept at 50 °C for 3 min and then heated to 200 °C
with 2 "Cimin. Peaks were identified by comparing
retention times with reference substances *
Significance of the enantiomenc excess values (%) of
(+}-a-pinene and (—}-a-pinene (A) were tested using
Welch’s ANOVA test followed by Games-Howell's

RESULTS
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DISCUSSION & CONCLUSIONS

In general, the chromatographic profile of a primary pine EOs from
assigned and traceable pine trees consists of monoterpenes,
sesquiterpenes and their oxyoenated derivatives (B and C)."2 Qur
results clearly indicated, that commercial EQs were predominantly
composed of monoterpene hydrocarbons with a-pinene as dominant
analyte. However, commercial EOs of P. syivestris showed significant
different sesquiterpene pattems compared to primary EOs of the
comesponding species. A possible reason for the reduced
sesquiterpene profile could have been allowed modification of primany
EOs e.g. by rectification. The dominant enantiomer of the main
analyte in P. sylvestris of different origin was (+)-a-pinene (D and
Table 1). The majority of the commercial EOs showed the opposite
enantiomeric excess of (—}-a-pinene compared to primary EOs of P.
sylvestris. Our data showed, that the commercial EOs were
distinguished into two groups. Most of the commercial EOs belonged
to group 1 (ee 65.0-85.0%) whereas the ee of the second group
ranged from 0.0-20.0%. Although the second group showed similar
ee values as observed for some primary EQs the main part of all
commercial oils is significant different regarding the e=. A clear
taxonomic separation in-between primary EOs but also fo commercial
oils was obtained by applying a 3D-PCA. Based on the first three
principal components (PC1, PC2 and PC3) 70.2% of the total variance
was explained. Interestingly, PCA revealed chemical similarity of
commercial EOs and turpentine oils (E). According to our data, a
threshold of e.g. 17.5% ee for (—)-a-pinene would allow identification
of a commercial essential oil (F: specificity: 1.0; sensitivity: 0.82).

For the evaluation of the correct herbal substance, the unique
chromatographic profile including chiral analytical markers is crucial.
Qur resulis clearly demonsirate that for comprehensive quality control
the enantiomeric ratio of at least the major terpenes in pine EOs is of
high importance to uncover possible mislabeling, the use of wrong
herbal substances and/or adulteration within the supply chain.
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INTRODUCTION

Ammonia plays a key role in the nitrogen cycle
among aquatic life, and humans. The human
microbiome contributes to over 50% of ammonia
production in mammals. Dysfunction of ammonia
metabolism results in many diseases, for example,
hepatic encephalopathy, cancer, urea cycle
disorders and cerebral dysfunction [1,2]. The
quantitative determination of ammonia attracts a
wide range of research topics. Currently,
colorimetric, enzyme-based assays or ion-selective
electrodes can be used for quantification. However,
these methods show some limitations like
sensitivity, selectivity, cross reactivity and the use
of toxic solvents. Therefore, a sensitive and
selective LC-MS method is needed for the
determination of ammeonia in complex matrices, like
urine and surface waters [3].

AIMS

The aim of our study is the development of a new
and highly selective LC-MS method to detect and
quantify ammonia in different aqueous matrices.
For clinical routine analysis, fast, simple and safe
LC-MS based analysis are of high interest.

METHODS

Ammonia was derivatized with phenethyl
isothiocyanate (PEITC) to phenethylthiourea
(PETU) in PBS/MeCN [4]. Benzylthiourea (BTU)
was used as an intemal standard (IS). PETU was
quantified against reference substance by LC-MS
comparing peak areas and nomalized to the 1S.
Analysis was performed using an LTQ-XL linear ion
trap (Thermeo Scientific, San Jose, USA) mass
spectrometer coupled to a Waters Acquity™ UPLC
system (Milford, USA). Detection of PETU and BTU
was done in ESI positive mode. Chromatographic
separation was performed on an ACE Excel 2 C-8
column (30 x 2.1 mm, 2 pm, 1004) at 30 °C.
Gradient elution was done with water and
acetonitrile containing 0.1% formic acid as mobile
phase, respectively. Flow rate were setto 0.4
mU/min and injection volume was 5 pL.

RESULTS
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A) Derivatization scheme of
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LM:A00 M, 10 pM:1 mM, 10
LM-10 mM) af room
temperature.

D) Derivatization of ammonia
with PEITC to PETU with a
ratio of ammonia:PEITC of
1:1000, for 3hat RT, 40° C,
50 * Cand 60 ° C.

E) Derivatization of ammaonia
with PEITC to PETU in
HLO:ACN (1:1, vov) and
PBS:ACN (14, vov) with a rafio
of ammonia:PEITC of 1:1000,
for3hand 6hat60 ° C.

F) Method validation data:
Back-calculated concentrations
and nominal concentration in
parentheses, Bias, infraday
precision (RSDg), inter-day
precision (RSDy). Matrix Effect
(ME, %) and Recovery (RE, %)
for urine.

G) Calibration curve of
ammonia derivatization in the
range of 0.2 pM to 30 pM.

DISCUSSION & CONCLUSIONS

After derivatization ammonia can sensitively be detected as
PETU by LC-MS in ESI positive mode within 10 minutes. Varous
parameters were optimized for derivatization efficiency, duration
and applicability in clinical laboratories. Optimal denvatization
conditions were found at a higher PEITC:Ammonia ratio, a
temperature of 60 °C and in PBS:ACN (1:1, vav) (C-
E).respectively (C-D). Subsequently, linearity for PETU was given
in a range of 0.07 pM to 30 pM, with a calculated LoQ of 0.03 pM
determined according to the ICH Q2 (R1) guideline [6].
Accordingly, the working range was set from 0.2 pM to 30 pM and
covered well the physiological range of ammonia concentration
found in different human body fluids. E.g., for unne 4-107 mM is
reported [3] and a 500-fold predilution with water before analysis
is even necessary. The predilution further lowers matrix effects
which are often observed in LC-ESI-MS analysis. Compared to
previously published methods who offered LoDs of 500 nM and a
quantification range of 25 pM to 500 pM respectively [2, 5], the
presented method is much more sensitive. Bias, intra- and inter-
day precision, matrix effect and recovery for selected QC fulfilled
our preset critenia of less than 15%.

In here we presant a fast and sensitive method for the detection
of ammenia in different matrices. Compared to previously
published methods, the described LC-MS method is faster less,
expensive and more ecologically friendly. It represents a valuable
starting point for ammonia detection in further clinical studies and
upcoming research projects.
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INTRODUCTION

Parenteral nutrition (PN) serves to provide essential
nutrients especially in preterm infantz when oral
ingestion is not possible yet. PN mixtures contain lipid
emulsions and the triglycerides can be hydrolyzed to
free fatty acids (FFA). Released FFA can bind to
albumin and compete with bilirubin [1]. Excess FFA
pose the risk of developing hyperbilirubinemia,
leading to jaundice and in severe cases to
neurotoxicity. An improved HPLC method was thus
developed to accurately quantify the amount of
individual FFA species in cil-in-water emulsions for
PN. Insights into different ratios between individual
FFA species in contrast to simply assessing the level
of total FFA can further enhance our understanding of
underlying degradation mechanisms.

METHOD OVERVIEW

Extracted FFAs from as little as 7.5 pL emulsion were
activated with 13.3 pM DMT-MM as coupling agent
and subsequently labelled with 1.25 mM of the
fluorescent dye DBD-PZ. The non-natural FFAs
pentadecanoic acid (C15:0) and heptadecanoic acid
{C17:0) were used as internal standards. The one-pot
labelling reaction was performed at room
temperature. After incubation for 2 h, aliquots were
quenched with 1% formic acid and analysed by HPLC
with fluorescence detection. Acetonitrile was used as
solvent for all reagents. Calibration curves were
prepared from pure FFA standards.

Commercially available reference emulsions Intralipid
{20% soy bean oil, 50), Omegaven (10% fish cil, FO)
and SMOFlipid (20% SO/FOMCT (medium-chain
triglycerides), all from Fresenius Kabi) were used to
develop the method. Subsequently, emulsions
mimicking the composition of these reference
emulsions were manufactured and analysed in
comparison to the regpective original formulations.

Key facts HPLC method:

Column: Waters XBridge C18, 5 pm, 4.6 x 150 mm

FL-Detection: A,, = 444 nm/ A, = 357 nm

Solvent system: Acetonitrile and 0.1% TFA in H,O,
gradient from 15% to 5% agueous

Flow rate: 1 mlimin

Injection volume: 10 pL

Total run time: 25 min

RESULTS

We were able to detect 10 different natural fatty acids (FA) commonly present in the studied oil sources as well as 2 non-natural FAs as intemal standards over a
25 min time course. The identity of the peaks was confirmed by spiking with the respective standards. Distinct FA profiles were obtained depending on the type of
oil used in the manufacturing process. The use of internal standards as well as calibration curves for each FFA species also allowed the quantification of the

individual FFAs.
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Fig. 1: Stacked chromatograms of commercial references Infralipid, Omegaven and SMOFIipid, nommalized to intemal standards

C15:0 and C17:0, with annotated peaks. View from 4-17 min.

Talb. 1: Limit of detection for all studied fatty acids

Fatty acid

Limit of quantification

Taly. 2: Total free fatty acids of commercially available lipid
emulsions and in-house manufactured references.

lauric acid {C12:0)

myristic acid (C14:0)

palmitic acid (C16:0)

stearic acid (C15:0)

oleic acid (C18:1)

lingleic acid (C18:2)
c-linolenic acid (C18:3 w3)
y-linclenic acid (C18:3 we)
arachidonic acid (C20:4)
eicosapentaencic acid (C20:5)
docosahexaenoic acid (C22:6)

5 pmol

1 pmal
0.25 pmol
1 pmol
1 pmol

1 pml
2.5 pmaol
1 pral
1.5 pmol
2.5 pmol
1 pmgl

Emulsion Total FFA

Intralipid 20.8 pmolimi
Omegaven 469 pmeliml
SMCFlipid 97.5 pmolfiml
20% Soy bean cil (SO)-based emulsion 2.6 pmeliml
10% Fish-oil (FO)-based emulsion 3.1 pmeliml
20% SO/FO/MCT-based lipid emulsion 4.6 pmoliml

Values are given as total FFA concentrations per emulsion
volumes, since the United States Pharmmacopeia does not specify
threshold values for specific FFAs, but only stipulates the upper
limit of 0.07 mEqg/g for total amounts of FFAs. Also, the different
oil contents (10% vs. 20% lipid emulsion) are not considered.

ASSAY OPTIMIZATION

Compared to previous reports [2], highly toxic reagents were replaced, the
assay time was reduced by a factor of 2.9 to increase sample throughput,
sample consumplion was successfully minimized by a factor of 133.3 and the
use of the costly fluorescent dye was lowered by a factor of 4.

Increasing the concentration of the coupling reagent allowed to shorten the
reaction time for labelling. The concentration of the fluorophore had no
impact on the reaction speed. Common excipients in lipid emulsions like
phospholipids and antioxidants did not interfere with the analysis. Sucrose
esters of inferior quality used as co-surfactants however were hydrolyzed as
well and contributed to the signal.

DISCUSSION & CONCLUSIONS

The presented method allows the simultaneous identification and
quantification of various hydrolytic degradation products in lipid emulsions
with minimal sample requirement. The limit of gquantification was determined
in the single-digit pmol range for all studied fatty acids. Like this, the quality
of the emulsion can be controlled prior to administration and severs
complications prevented.

Emulsions: with cil sources rich in polyunsaturated fatty acids show higher
total FFA values and thus seem to be more prone to hydrolytic degradation.
Freshly produced in-house references showed lower values right after
manufacturing than comesponding eriginal formulations in the second half of
their shelf life.
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Introduction

Invasive fungal infections (IFls) are a serious complication and
a major cause of morbidity and mortality in
immunocompromised children [1]. Voriconazole is among the
first-line antifungal drugs to treat IFls in children is voriconazole
[2]. This drug is known for its narrow therapeutic range and its
non-linear pharmacokinetic profile with pronounced inter- and
intra-individual vanability [3]. Due to the high risk for therapy
failure if the therapeutic range is not reached, therapeutic drug
monitoring (TDM) is strongly recommended [4]. Drug-drug
interactions and patient specific characteristics as age, weight,
liver function, and also the phenotype of the metabolizing
enzyme cytochrome P450 2C19 are known factors to influence
the in vivo behaviour of voriconazole [5]. In addition to
CYP2C19 genetic variants, single nuclectide polymorphisms
(SNPs) in other genes are involved in the metabolism and
transport of voriconazole and are thought to influence serum
concentrations and eventually the therapeutic outcome [6].
Accordingly, understanding how genetics affect
phamacokinetic, efficacy and safety of voriconazole in children
is essential to optimize dosage and thus treatment success.

Aims

Our aim was to investigate the impact of varnants on
voriconazole serum levels in order to allow future optimization
of voriconazole dosage and improve the therapeutic outcome in
children with IFls.

Methods

We performed a retrospective data analysis, where we used
data on medication including trough levels, health-related
personal data, co-medication and biclogical material from 36
children aged 10 (0-17) years, suffering from IFl, and treated
with voriconazole between 2014 and 2019 in two different
children’s hospitals. Data were extracted from the clinical and
laboratory information systems of the hospitals with the recently
built Swiss Personalized Health Network infrastructure
SwissPKeaw We analysed a total of 395 voriconazole trough
levels.

Among 23 individuals with samples available for DNA
extraction, 12 selected SNPs within the voriconazole
metabolizing enzymes CYP2C 19, CYP3A4, and CYP3AS5 and
transporters ABCC2, ABCG2, and SLCO1B3 were genotyped
using commercially available TagMan® realtime PCR assays.

Results

All children were initially treated with clinically recommended dose, followed by individual dose adjustments
according to TDM. 195 (49%) of the 395 vonconazole trough levels measured were outside the recommended
therapeutic target trough concentration of 1-5.5 mg/L , of which 169 (87%) were at sub-therapeutic level (Figure
1). Analysis of trough levels with genotyping revealed statistically significant differences in mean voriconazole

serum concentrations associated with 5 of 12 genetic vanants tested. SNPs within ABCC2 (rs2273697, P = 0.005

and rs717620, P <0.001), ABCG2 (rs2231142, P = 0.001), CYP2C19 (rs4244285, P < 0.001), and SLCO1B3
(rs4149117, P = 0.001) influenced dose-comected trough levels (Figure 2). No association was observed for the

ABCG2 (rs13120400), CYP2C19 (rs12248560 and rs4986893), CYP3A4 (rs35599367), and CYP3AS (rs776746)

genotype. None of the patients harboured the variants CYP2C19 (rs28399504) and CYP3A5 (rs10264272).
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Figure 1 Results of thergpeutic drug monitoring of voriconazole

Discussion & Conclusions

Qur results suggest that voriconazole serum concentrations in children are
affected by several genetic polymorphisms. In order to prescribe an optimal
drug dosage, pre-emptive pharmacogenetic (PGx) testing in addition to
therapeutic drug monitoring might be helpful for patients treated with
voriconazole. The results of this refrospective study need to be confirmed
prospectively in order to guide voriconazole dosing in critically ill children.
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INTRODUCTION

A5 e human if2 span Increasas, chronic 3s well a5 age relatad haaln
probilems have become 3 major Issue In heain care. Age related chaonic low-
grage Inflammation ks known 35 Inflammaging and Is 3 risk factor for saveral
NoN-communicable chronic disorders K2 anhits, dabetas, and
cardiovascular disaases including myelold leukemlas, such as Chronic
Myelomonacytic Laukemia (CMML). Recent studies suggest that NLRPZ
Inflammasome activation plays a critical role In the development of
Infiammaging [1]. MLRP3 Inflammasome ks 3 multpratin signaling platfom
formed In the cytosol of siimulated Immune celis SWCN 35 monacyies. The
cananizal NLRP3 Inflammasome aciivation ks a two-step mechanism
estabished In mice. The Inttial priming step Involves an NF-EB-activating
SUMulUS, Such 35 LPS binding to TLR4, that Induces transcription and
ftranslation of the IL-1p precursor as well as Increased expression of NLRP3
protein. The second step results In an achvation of caspase-1 which cleaves
pro-IL-16 Into Hs mature form IL-1. An alternative Inflammasome pathway
had previously been discovered spacifically arsing In human monosytes.
Herzin LPS directly activates Mis iIMammasome via TLR4 and caspase-8
without requiring a second signal [2].

Canonical irflammasons

Alternative inflammasama | 4
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AIMS

This project can be subdivided Into two parts:

L Investigation of age-dependant changes In NLRP3 Inflammasome
activation arising In CD14+ monocytes derved from old healthy donors.

. Tosse whether NLRP3 iInflammasome signaiing contributes o the age
dependent disaase CMML.

It Iz known that aging causass chronlc low-grade Inflammation. Howswver,

molecular mechanisms and cedl Intringle changes that contributs to low

grade Inflammation are not entirely undsratood.

METHODS

Human COd4+ monocytes wena isolated using Ficol-Paque Tm sterle
soiution. The PEMCE wene colacted with magnatic Ant-CD14+ Micro Deads
after centrifugation. CD14+ monocytes were stimulated for IMlammasome
aciivation. TLR4 agonist LPS was used to address the altemative
Inflammasome. TLR1/2 agonist Pam3CcSk4 and Migencin were usad 1o targat
he canonical INflammasome, since ihis patiway requires two signals. ELISA.
and Wesiem blot analysis were performed to check IL-18 leveds and caspase-
1 acTwation In cell Iysates and supermatants. In addiion, 3 diverse sat of
phamacoiogical Inhibitors were Used to gain a greater Insight Into the:

m af signaling during the aging process.

RESULTS
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DISCUSSION & CONCLUSIONS

Colectivaly, our results suggest that aging causes dysraguiation and Increase sensiity
o MLRP3Ir actvation at th leval, which may expiain increased
Inflammation and Immunopathoiogy In the 2iderty.
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Our resuits identified a new ape depandsnt pathway sxclusively ansing In old
people wla TLR1/2 caspase-G-alternative Inflammasome activation. Taken together,
aging Incressas sansifivity for Inflammasoms activation In human monocytes and
poslfively comelstes with dissase severdty In CMML.
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The proinfiammatory cytokine IL-1B couid possibly be used 35 3 prognostic factoror as a
basls for 3 futwre anug target for CMML patients. However, Tunther studies are neeged o
explore ihe rofe of IL-1B In the human aging process and In the pathogenesis of CMML.
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Healthy Liver Liver with advanced Fibrosis
Chronic Liver Injury Discussion
———
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HDAC-based multi targeted therapies against multiple myeloma
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INTRODUCTION

Despite  enomous advances among therapeutic
strategies, multiple myeloma (MM) remains an incurable
diszase with MM patients often not responding to
standard treatments [1]. Proteasome inhibitors (P1), with
the first in class bortezomib (BTZ), are one of the
backbones of the anti-MM regimens [2]. Unfortunately,
MM cells often develop resistance to Pl by using the
alternative aggresome pathway for protein degradation
in which histone deacetylase & (HDACE) is one of the
main player [3]. In the past decade, HDAC inhibitors
such as pancbinostat (Pan), wvorinostat, entinostat,
ricolinostat and others have been considered in
combination with conventional regimens [4]. Multiple
targeted therapies have proven to be more beneficial
compared to monotherapy approaches, leading to
overcome drug resistance and improving median patient
overall survival [4]. Beside the drug combination
approach, another strategy consists of designing dual-
target agents with the added advantage of achieving
inhibition of multiple pathways through a single
molecular enfity [5]. Thus, dual HDAC-PI inhibitors could
be a promising strategy to decrease resistance and to
minimize the administered therapeutic doses [5].

RESULTS

AIM

Evaluation of synthetic dual HDAC-PI hybrid inhibitors
against MM.

Hybridization -“-Cj

o

ovogs | g ﬁg P

Bortezomib

O e e
5 S

Zinc Binding Bortezomib ~ Boronate
Group Prodrug

METHODS

*  For the synthesis of the dual HDAC-PI hybrid
inhibitors, standard liquid phase peptide chemistry
procedures were used, starting from (R}-boroleucine
(15,25,3R,55{+}-2 3-pinanedicl ester friflucro-
acetate.

*  The antiproliferative activity of the compounds was
measured through XTT assay in RPMI 8226 cells
and RPMI 8226 cells resistant to PI (RPMI 8226-R).

*  The HDAC inhibitory activity was measured in RPMI
5226 cells treated for & h using a UHPLC-MS-based
method [E].

Entinostat Zine Binding Bortezomib f)LN )
Group pharmacophore ’f‘ =S N
R=HorF 1 2 3 4

DISCUSSION & CONCLUSIONS

Seven dual HDAC-PI hybrid inhibitors were synthetized based on
entinestat and BTZ (Figure 1), and tested in RPMI 8226 cslls for their
antiproliferative activity. Those that showed an ICy lower than 500 nM
were screensd in RPMI B226-R (Table 1). Compound 3 displayed the
strongest antiproliferative activity due to the structural modification to the
boronic acid of BTZ as pinanedicl ester and the presence of the
arylamide zine binding group of entinostat It showed low nM
anfiproliferative activity both in RPMI 8226 cells and in RPMI 8226-R
cells of 9.5 nM and 18.9 nM, respectively. It exhibited slightly less
activity than BTZ but with the advantage of targeting multiple pathways.
The HDAC inhibitory activity in RPM| 8226 cells was measured after 8 h
at a concentration of 10 pM. Preliminary results reporied that
compounds 1 and 4 did not have activity while compounds 2.3 and &
demonstrated 40%, 28% and 32% HDAC inhibition, respectively (Figure
2). Further experiments are on going to assess the ICy values of the
compounds that showed HDAC inhibitory activity. Since the derivatives
are made of BTZ, the 285 proteasome chymotrypsin-like inhibitory
activity of the compounds will also be evaluated. Previous studies have
shown that HDACE selective inhibitors can be as efficient as pan-HDAC
with the profit of improving the safety profile [7]. In MM, HDACS plays a
significant role in the progression of the malignancy. Thus, the
substitution of entinostat with a selective HDACE inhibitor is currently
being pursued and it may reduce unfavorable side effects.

Figure 1. Chemical structures of the synthetic dual HDAC-PI hybrid inhibitors.

Table 1. Antiproliferative activity (ICgx values £ SDin
nM, n = 3} of compounds 1-7 in RPMI 8226 cells and
in RPMI8226-R cells.

IC RPMI 8226 IC o RPMI 8226-

Compound

{(nM) R (nM)
1 B77.7+425 ND?
2 371229 63663
3 95+14 18.8+05
4 80242727 ND
5 2158+ 13.8 ND
5 3366494 7207 £577
7 3098.6 +232.2 ND
BTZP 2104 60%12
Entinostat® 32892257 524.1+464

#ND: not determined
b positive controls

100

% HDAC inhibition

&
Q";’ o
&
Figure 2. HDAC inhibitory activity of

compounds 2, 3 and & measurad after 8
h treatment at 10 pM.
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Extracellular Vesicles for Targeted Tumor Therapy
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INTRODUCTION

Extracellular  vesicles (EVs) are cell-derived,
membrane vesicles, which efficiantly shuttle

biclegical cargo including proteins between cells.Il.
EVs are therefore considered as novel nanocarriers
for drug delivery® However, EVs exhibit a low
targeting  specificity and an  unfavorable
pharmacckinetic  prefile.  To  overcome  these
limitations, surface functionalization with ligands
directing EVs to specific tissues is essential Bl In this
project, a novel and flexible strategy for surface
functionalization of EV's with small molecule ligands
to target them to tumer cells was established. The
novel functionalization methoed is based on a simple
“building block™ approach involving the avidin-biotin
system (see figure 1).

Figure 1: Surface functionalization of GFI-Avidin-EVs with biotinylated dyes.
Image created with BioRender.
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C51 cells expressing a hypoxia-induced glycosyl-
phosphatidylinositol-anchored  avidin -~ (GPl-avidin)
were used as donor cells for EV production. EVs from
these cells present avidin on their surface which can
be modified with biotinylated ligands specific for a
target cell raceptor. In this procf-of-concept study, we
used carbonic anhydrase IX (CAIX), overexpressed
in cancer cells, as target molecule.

AIMS

|. Establish a protocol for efficient EV isolation

II. Confirm the presence of GPl-avidin on EVs

Ill. Assess the expression of CAIX on cancer cells
and charactenze the binding affinity of de novo
synthesized biotinylated CAIX ligands

IV. Investigate the binding and interalization of
functionalized EVs by target cells

Figure 2: Schematic illustration of EV's isolation. Image created with BioRender.

METHODS

Seeding
10%7 cells

supernatant
(10min, 200g)

GPl-avidin
cells

incubation

RESULTS

Isolated EVs present avidin on their surface

Centrifuge cells

Concentrate cells
supermnatant (100kD
cut-off)

Filtratie cells
supernatant

(045 pm)

EVs isolated from C51 cells, display a size range between 30-300nm (see figure

3 and 4) indicating that size exclusion chromatography is

an appropniate isolation

technique. Moreover, the presence of GPl-avidin was idenfified by NTA after

staining avidin using a fluorescent antibody (see figure 5).

Figure 3 GPl-avidin EVs stained with
bictinylated gold nanoparticles and

Siza (nm)

Figure 5: GPl-avidin EV's stained
with anti-avidin  antibody and

measured by NTA ("p<0.05, n=2).
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CAIX is expressed in target cell lines (A431, SCC38, SCC13)

Different cancer cell lines were evaluated regarding their expression of CAIX. Hypoxia
induced a significant increase of CAIX expression in all cell lines (see figure 6 and figure
7). Cell lines with higher CAIX expression were used as for subsequent delivery

experiments.

Figure 6: Quantfication of CAIX expression on cancer cell
lines at either normazic or hypaoxic condition by flow cytomedry.

Figure 7. Staining of CAIX en SCC3E cell incubated at

normoxia or hypoxia. Scale bar indicates 30pm.
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Characterization of EVs:
\solated —;_ariopariicle tracking analysis
EVs - seanning electron microscopy ...
(SEM)

Functionalize EV's with
biotinylated small
molecules
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De nove synthesized ligands show specific binding to
target cells

To evaluate binding of the new ligands to CAIX positive target cells,
cells were incubated with biotinylated ligands detected by adding a
FITC labeled-avidin. Confocal images demonstrate specific binding of
both ligands. However, ligand B showed a higher signal intensity,
implicating higher binding efficacy.

Figure 8: Biotinyiated ligands and control binding to CAIX positive cells detected with fluorescent
avidin. Left staining with biotin a5 control, middle with ligand A, right with igand B. Scale bar = 30um.

Control-biotin Ligand B

Functionalized EVs show enhanced uptake by
target cells

Control and EVs functionalized with ligand B, labelled with a
fluorescent dye (Cell tracker red) were incubated with target
cells for 6h. A higher fluorescence signal was detected for
cells incubated with functionalized EVs (see figure 9),
indicating their specific delivery

Figure ©: Imtemalization of flucrescent labelled EVs. Left not functionalized, right
CAlX-functionalized. Scabe bar indicates 30pm.
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DISCUSSION &
OUTLOOK

Owverall, this project provides first
evidence that EVs can be flexibly
functionalized wusing the GPIl-Avidin
system. GPl-Avidin EVs functionalized
with ligands targeting CAIX specifically
bound to and were internalized by CAIX
expressing cancer cells within 6 hours,
revealing the appropriateness of EVs as
drug delivery system. However, for the
translation into the clinic and for the
application of precision and personalized
medicine, EVs will have to be
characterized with regard to their
biodistribution and targeting capacity
in preclinical animal models. Furthermore,
EVs from human mesenchymal stem
cells, associated with minimal
immunogenicity according to first clinical
studies or autologous patient cells will
have to be stably transfected to express
GPl-Avidin  and  used for further
expenments.
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INTRODUCTION & AIMS

FOLFOXIRI (folinic acid, 5-fluorouracil, oxaliplatin and/or irinotecan) is a
standard of care for colorectal cancer (CRC), yet an aggressive and non-
personalized treatment option [1]. The treatment efficacy remains low du to
patient-intolerance and induced resistance.
We aimed to generate CRC cells that would reflect the clinical situation of
stage IV CRC patients long term treated with FOLFOXIRI. This would
serve as a platform to study how an induced drug resistance to this
chemotherapeutic mixture could alter the response to targeted treatment.
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METHODS

Cell line Mutalions/Deregulations v
oL metastatic APC, KRAS, BIKICA, TPE3 il P
; SWE20  metastatic APC, KRAS, TPS3 e et
Four human CRC cell lines LSI74T  primary  KRAS, PIK3CA, 3RAF £ DLD1-FX-R
HCTTEe  primary  KRAS, PIK3CA

Drug [uM] CUD DLDT HCTHE  SWE20  LS174T
Folinic acid 0.5 05 05 0.25 05

.

were chronically treated with
their corresponding

Diamater (um}

optimized FOLFOXIRI S-Fluorouracil 10 2 2 6 6
mixture, once weekly. SN-38 01 002 0003 0004 0004
Onaliplatin 06 | BS 02 0.3 02 H A

Scale bar indicates 50 um and photes were taken at 10x magnification.

Time (day)

A. Significant loss in sensitivity to
FOLFOXIRI was observed in all
four chronically treated CRC cell

oncz lines, with up to 40% in LS174T
cell line.
B. Resistance induction was

T E i) [ observed compared to the
e parental treatment-naive cell lines,
| in both 2D, 3D and 3D co-cultures
§ of the pre-treated cell Ilines

together with endothelial cells and
fibroblasts.

C. Previously optimized
synergistic  drug combinations
(ODC) [2] maintain their activity

oDcz ;
o and overcome resistance to
FOLFOXIRL.
gmo = T D. Pre-treated cell lines have
¥ £ T T similar growth over time compared
L b to their naive counterpart,
5 % E. Induced morphometric changes

are also observed in the pre-
treated cells

CONCLUSIONS

oDG2 By chronically exposing human

1w CRC cell lines to a cell line

2 s T specific FOLFOXIRI  mixture,
T2 : . resistance is obtained over time.
E N T The latter can be overcome

E n using ODC. RNA sequencing

analysis is being conducted to
S S highlight the different signaling
. pathways implicated in the
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+
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synergistic low-dose four drug mixtures for freatment of
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Squalene (Sq) is a natural precursor of cholesterol (1).
The conjugation of 5q to a drug produces bioconjugates
that self-assemble in water to give nancassemblies (NAs)
{2). Mear-infrared (NIR) fluorescence has great potential
for in vivo tumour imaging. NIR dyes such as the recently
synthesized IR-774 (3) are lipophilic cations with
preferential accumulation in the mitochondria of cancer
cells. They also have photosensitizing properties inducing
tumaur cell death after NIR light irradiation.

AIMS

This study aims to develop Sg-IR-774 MAs targeting
mitochondria, with imaging and photosensitizing properties
and to assess their capacity to induce tumour cell death by
phototherapy after NIR light imadiation. Here, we report
the in vitro fluorescence imaging, specific mitochondrial
localization and anfitumour effect of Sq-IR-774 NAs after
NIR light irradiation.

METHODS

Cell culture

MCFT7 human breast cancer cells and MCF-104 non-
tumorigenic human breast cells were used to assess the
specific localization of Sg-IR-774 NAs in the mitochondria
of cancer cells.

Cellular uptake

MCFT and MCF-10A were incubated with 10 pM of IR-774
or 5g-IR-774 MAs for 1 h. Mitochondria were stained with
MitoTracker® Orange and nuclei with Hoechsi®. Cells
were observed by live-cell imaging using the automated
IXM-XL microscope (Molecular devices, 1 x 40).

FPhototherapy

To study the photosensitizing properties of our product, we
incubated MCFY cells with 20 pM of IR-774 and Sg-IR-774
NAg for 1 h. The cells were washed and irradiated with a
NIR LED lamp at 660 nm, at 100mW/cm2 for 10 min. We
performed the cytotoxicity assay after 24h using WST-1
cell proliferation assay.

Synthesis Manoprecipitation Characterization Confocal microscopy NIR light irradiation
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Scheme 1 : Synthesis, nanoprecipitation, imaging and NIR light iradiation of Sq-IR-774 NAs
NAs preparation and characterization

The Sg-IR-T74 is obtained by the covalent conjugation of squalens-amine and IR-774 (Scheme 1). The S5g-IR-774 MAs are obtained by the
nanoprecipitation of Sg-IR-774. Briefly, 1mg of Sq-IR-774 are dissclved in 300 pl of acetonelethanol (1:1) and added dropwise into 1.2 ml of MilliQwater.
The organic solvent is evaporated under reduced pressure using a rotavapor (Buchi) and the obtained nancassemblies were characterized by size using
dynamic light scattering (OLS) and morphology (TEM). The average size of the NAs obtained by DLS measurement was at 104 nm with a low
polydizpersity (PDI : 0.144). TEM analysis indicated that S5q-IR-774 had a spherical shape.

IR-774 Sg-IR-774 NAs
Mitotracker IR Oerlay DAl Mitotracker MR Overlay

Cell viability (%)

Sq-IR-T74 20,M IR-T74 20 M

Figurs 1 : Subeellular localization of IR-774 (10 pM) and 5q-IR-774 MAs (10 pM) in MCF-10 h
non-tumorigenic human breast cells and MCF7 human breast cancer cells (scale bar, 10 pm).

Figure 2 Cytotoxicity assay on MCFT7-cells
incubated with 20 pM of IR-774 or Sg-IR-774 NAs
and iradiated with MIR light at 660 nm vs dark.
Subcellular localization

Flucrescence imaging of MCF-7 cells demonsirated effective loecalization of both IR-774 and Sg-IR-774 MAs in mitcchondria of cancer cells by the co-
staining with MitoTracker® Orange. The comparison with MCF-104 non-tumorigenic breast cells demonstrated the preferential accumulation of our
product in cancer cells.

Light toxicity

Light toxicity assay indicated that both IR-774 and Sq-IR-774 induced tumour cell death after NIR light irradiation compared to the control (dark condition).

DISCUSSION & CONCLUSIONS

To study the subcellular localization of our compounds, MCF-10A human
breast non-tumorigenic cells and MCF7 breast cancer cells were incubated
with IR-774 and Sg-IR-774 MAs at 10 uM for 1h and imaged with [XM-XL
confocal microscope. Live-cell imaging of MCF-10A and MCF7 cells
demonstrated  preferential  localization of both IR-774  and
5g-IR-7T74 MAs in the mitochondria of cancer cells by the co-staining with
MitoTracker@C0range (Figure 1).

IR-774 is a lipophilic cation known to accumulate preferentially in the
mitochondria of cancer cells (3) because of the high negative potential of
the inner mitochondrial membrane. The conjugation of squalens to IR-774
and the following nanoprecipitation provided MAs that targeted
preferentially the mitochondria of cancer cells.

NIR light irradiation of MCF7 cells at 660 nm after incubation with 20 uM of
Sg-IR-774 MAs, demonstrated enhanced antitumour activity compared to
dark condition.

Furthermore, the sgualenoylation of IR-774 improve the pharmacokinetics
and decrease the toxicity towards healthy cells.

The squalenoylation of IR-774 provides several benefits including reduced
toxicity without radiation and potential enhancement of antitumour efficacy
due to high local retention of the NAs inside the tumour cells compared to
IR-774 alone.

Finally, the photothermal properties of our MAs will induce the tumour cell
death only upon the activation Sg-IR-774 NAs by NIR light irradiation.

This study demonstrated the preferential accumulation of Sg-IR-774 in the
mitochondria of cancer cells by comparison to healthy cells. Sg-IR-774
showed enhanced antitumour activity upon NIR light iradiation and no
toxicity towards healthy cells.

The flusrescence and photosensitizing properties of the Sg-IR-774 NAs
suggest their potential use as a nanotheranostic agent for imaging and
treatment of cancer by phototherapy.
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Investigating the effects of targeted drug

combinations on colorectal cancer
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INTRODUCTION

Current therapies used in the clinic for the freatment of
colgrectal carcinoma (CRC) are composed mostly of
chemotherapeutic drugs, which have a less-than-optimal
therapeutic window and induce side effects. An interesting
alternative is the use of targeted drugs instead. Used as
monotherapies, those targeted drugs are however often
rapidly followed by the apparition of resistance in the
tumors. To challenge these issues, we identified from the
large spectrum of possibiliies a low-dose synergistic
targeted drug combinations (ODC), which are both
selective and effective in in witro and in vivo models of
human CRC [1].

AIMS

We aimed to characterize at the histological level the:
activity of two cell subtype specific ODCs, composed of
Regorafenib, Selumetinib, Vemurafenib and either
Erotinib or GDC-0994, on human CRC types, DLD1 and
SWE20 grown in mice..

RESULTS

SWISS
PHARMA

METHODS

In a previous study we treated mice subcutansously
injected with colorectal cancer cell lines with our ODCs.
Mice injected with DLD1 cells were treated with
Regorafenib (1,0 mglday), Erotinil: (6,3 mgiday),
Selumetinib (0,27 mglday) and Vemurafenib (0,3 magiday).
Mice injected with SWE20 cells were treated with
Regorafenib (1,9 mglday), GDC-0994 (0,09 mg/day),
Selumetinib (0,009 mg/day) and Vemurafenib (4.4
mg/day). The mice were treated with either one drug, the
whole combination or selution without any of the drug.
Fixed tumors were fixated in paraformaldehyde,
dehydrated with ethanol, embedded into paraffin, sliced at
Spm and mounted on glass slides.

A:- Rapresentotive DLD tumer staining (from top to bottom: Hematoxylin (purple) & Eosin

(pink], Ki57 [red] + DAPI (blug), CO31 fbrown) + Hematoxyiin (purpie) and ER-TR7{Brown)

+ Hematoxylin [purple) for each treatment condition (fram left to right: Control, Drug TR

combination, Regorafenik, Erlotinik, Selumetinink and Vemurafenib). Red arrows in (031 Control, Brug combination, Regerafenib, Selumetinink, Vemurafenid and GO
stining indicote stained biood vessels. Scale bar is 2000um for the two ugper rows ond arrows in (P31 staining indicate stoined blood vessels. Scale bar is 2000uxm for the two
100m for the two lawar rows. Lower ODC tumor iz on the same scale ox the othar upper rows and 100um for the twe fower rows.

ik

condition’s tumar.

Tumors treated with the respective ODC showed significantly reduced cell and vessel density (minus 17.6% and 26% for cell density and minus 69.7% and
61.7% for vessel density), as well as reduced cell proliferation {minus 42.8% and 20.7%) when compared to control and respective monotherapy treated
fumors. Qualitative test for other characteristics could also hint for a fibroblast density reduction effect in SW620 ODC-treated tumors and an apoptosis
induction in DLD1 ODC-treated tumors (not displayed here).

DISCUSSION

Overall, most of the monotherapies showed, in term of tumor growth
inhibition, greater activity in vivo as they did in vitro but stayed mostly less
active than the drug combinations.

In OLD1 tumors, the ODC was the treatment that led to the strongest
reduction in blood vesssl density. We could have attributed this feat to an
accumulation of the monotherapies’ activities but when observing other
parameters such as the effects on the blood vessels physiognemy we can
see significant differences with the ODC.

Same observation regarding the antiproliferative effect in SW&20 tumors.
Vemurafenib decreased the expression of KiB7 in a way that is comparable
to the ODC. We could have atiributed the antiproliferative effect of the
0ODC solely to this drug, however, when comparing the preliferation
apatially in the tumors we obssrved that the activity of the Vemurafenib
was only significant in the edges of the tissue while the ODC decreased
the preliferation all over the tumor.

As a result, the ODC was the only condition having a significant impact on
the cell density in the tumor (i.e., the percentage of the tissue (epidermal
cells excluded) covered by cells) for DLD1 and was the one that reduced it
the most significantly for SWEB20. As the tumor treated with the ODC were
measured to be the smallest out of all conditions, we know that this is the
result of a decreass in tumor call population in the tissue and not just an
increase in stroma production.

The source of this better efficacy might partially come from an apoptosis
induction in DLD1 or be mediated by an increase in fibroblast in the tumor
microenvironment. We could not quantify these parameters, but
observations suggest these hypothesis to be possible. They would also
match with some of the drug mechanism as Erofinib and Regorafenib can
influence the PI3K-Akt pathway and ERK1/2, the target of GDC-D994 | is
known to play a role in fibroblast DMA synthesis [2].

Histological staining were used as follows:

» Hematoxylin + Eosin staining for comprehensive
micro-anatomy picture.

» KIiGT + DAPI immunofiuorescent staining for
proliferation.

» CD31 + Hematoxylin immunchistochemistry staining
for blood vesssls density and morphology ..

» ER-TRT + Hematoxylin immunchistochemistry staining
fibroblast distribution.

Percentage of A} DLD1 and B) SW520 tumor areas containing

F e A 0 e, e tumar calls as apposed to stroma (here defined the
i EqF [ r matrix and necrotic areas) qu
™ = I, g b I . [ ors, respactivaly.
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CONCLUSION

The ODCs identified in vitro were proven to be effective on various tumor
halimark in vivo. The treatment with ODC improved anfitumor activity
showing encouraging results toward the use of personalized drug
combinations in the clinic.
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Key points:

* On top of being smaller, cell density in ODC treated tumers are actually significantly lower than in other treated tumors and control
¥ ODC significantly decrease proliferation in the tumors

# The ODC reduce the number of blood vessels in the tumors

¥ Observed effects on blood vessels physiognomy differ between the ODC and the monotherapies
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DISCUSSION & CONCLUSIONS

ODC significantly inhibits cell viability in six CRC cell lines, while maintaining a
favorable therapeutic window. Strongest ODC efficacy is chserved in COLO205, the
cell line in our panel displaying highest frequency of centriole amplification. ODC
treatment increases the number of multipolar COLO205 cells and reduces proportion
of COLO205 cells displaying centriole amplification. This supports the hypothesis

AIMS

Identify the full mechanism of action of ODC and causally link ODC efficacy to spindle pole clustering inhibition
Evaluate ODC efficacy in CRC ex vive models, highly relevant to human physiopathology

INTRODUCTION

Synergistic low-dose multidrug combinations are a promising anti-cancer -
sirategy to achieve high treatment efficacy and decrease the cccurrence of dose- -
related toxicities and acquired resistance.

Our validated phenotypic Therapeutically Guided Multidrug Optimization platform
[1] allowed for the identification of an optimized 4-drug combination (ODC)
highly effective in renal cell carcinoma, colorectal carcinoma (CRC) and
melanoma, while maintaining negligible toxicity towards non-malignant crgan-
specific epithelial cells.

ODC consists of two tyrosine kinase inhibitors (dasatinib, erotinib) and two
histone deacetylase (HDAC) inhibitors (tacedinaline, tubacin).

METHODS

Selection of CRC cell lines with various mutational status , according to their tendency to present multipolar spindles (A1)
Cell metabolic activity assay (ATP levels) on CRC cell lines (A2) and patient-derived organoids (PDO) {A3) to evaluate

ODC efficacy on cell viability inhibition

Immunofluorescence microscopy to quantify multipolar spindles and centricle amplification frequencies in cells freated

with ODC (B1)
Live cell imaging to monitor mitotic progression (B2)

RESULTS

The six CRC call lines (A1), selected according to their tendency to form

multipolar gpindle, significantly respond to ODC, while maintaining a favorable
therapeutic window (TW) with non-malignant colon cells CCDB841 (except for
SW&20). ODC shows strongest efficacy in COLO205 (78% cell viability inhibition
vs. control), the cell line displaying highest centricle amplification frequency (A2)

ODC targets cells prone to form multipelar spindles.

Live cell imaging reveals an increase in mitotic fiming, indicating a mitotic mode of
action of ODC. However, a 2-fold reduction of mitotic index suggests additional

mitosis-independent mechanisms of action need to be investigated.

0DC selectively targets dividing cancer cells prone to form multipelar spindles.

Its activity in CRC patient-derived organoids reveals potential for clinical

translation.

COLO205 display an increased number of mulfipolar cells (12,5% vs. 7,6% in control) and a decreased proportion of cells
presenting cenfricle amplification after ODC treatment (B1). Using live cell imaging reveals, we measured a significant
increased in mitotic timing and a 2-fold reduction of mitotic index {B2).
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QODC efficacy was strongly comelated with the induction of multipolar spindles
and the inhibition of spindle pole clustering, a survival mechanism cancer cells
with centrosome abnormalities or mitotic spindle defects use to avoid death via
multipolar divisions [1,2].

Centriole amplification
frequency (%]

isolated from freshly resected primary CRC patient tumors
{PCRC-11 and PCRC-16). Optimization of PDO
establishment protocol and personalization of drugs doses
are still needed.

Live cell imaging
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Oatp2b1 influences coproporphyrin serum levels as
determined in a novel Sico2b1-- rat model
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INTRODUCTION

Coproporphyrin {CP) | and Ill are isomeric byproducts of

the heme metabolism. They are handled as potential
biomarkers to indicate drug-drug interactions involving
hepatic Organic Anion Transporting Polypeptide (OATP)
1B. Another hepatically expressed transporter which is a
member of the OATP family is OATP2B1. Literature
shows that OATP2B1 specifically transports CP-Il and not
CP-Il.

AIMS

It was aim of this study to test, whether CP-lIl could be
applied as an endogenous biomarker for OATP2B1-
involving interactions by investigating CPs in a novel
Slco2bi-knockout rat model.

METHODS

Handling of CP-lll by transport proteins was assessed
in vitro in single of the human and rat ortholgues of
rOatpZb1/OATP2B1. Accumulation was determined in
double-transfected Hela cells with
CatpZb 1/0ATPZE 1 (with Mrp3/MRP3 or Mrp2Z/IMRP2).
In this cell model expression is driven by the T7 RNA
polymerase from the vTF7-virus.

*  The novel Slco2b1-knockout rat model was

har: i for the exp ion of the transporters

assumed to medify the organic anion transporter route
in liver and kidney applying Real-time PCR, Westem
blot analysis and immunochistochemistry.

*  CP-l and CP-lll plasma levels were determined
applying LC-MS analytics.

RESULTS
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Figure 3: Validation of
CP-l transport by
rOatp2bd {A) and
0OATP2B1 (B) and in
effect on cellular

accumulation in
presence of efflux
transporters Mrp2/MRP2
and Mrp3/MRP3 in
transiently  transfected
Hela «cells. (A, B)
Analysiz of data using
Michaelis-Menten kinetics
revealed lower K, and
W mae fOr the rat orthologue.
(C-F) Double-transfected
Hela cells shows
significant reduction in CP-
Il accumulation in  the
presence of Mrp3 (D) /
MRP3 (F), but not in the
presence of rMmp2 (C) /
MRP2 (E). Data shown as
mean £ SD (n=5 *p =
0.05, one-way ANOVA).

Figure 4:
Immunchistochemistry
of liver sections of male
and female wildtype
and Sfco2bi~ rats. The
staining showed
distinctive expression of
Oapt1b2 on sinusocidal
and Mrp2 on canalicular
membrane, while for
Mrp3 no difference
across liver lobules were
observed. Muclei were
counterstained using
Mayer's hemalum
solution. (White bar scale
=100 pm).
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DISCUSSION & CONCLUSIONS

Expreasion analysis of genes and proteing assumed to be involved in the CP handling revealed significantty higher expression levels in Sico1b2 and Abec2 and Mrp2 in
female rats while in male ratz no differences were observed. Quantification of CP in serum using a validated LC-MSMS bicanalytical method showed lower levels of CP-
| in Slco2b 17~ compared fo wildtype rats. Furthermore, we investigated in in vitro transport of CP-lIl using overexpressing Hela cells and showed that human and rat
orthologues transport OATP2B1 with differences in transport kinetics. In order to understand the cellular handling of CP-lll, we identified an interplay between
OATPZB1/rOapt2b1 and MRP3rMm3. Further studies are warranted to validate CPa as biomarkers of OATP-mediated interactions.
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