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Figure 1: Flow-chart of the study

1.1 Upper tract urothelial carcinoma and bladder cancer

1.1.1 Epidemiology

Cancer is a major health problem around the world and is among the leading causes for
death, coming in on second place e.g., in the United States. Prediction based on evidence
computed that in 2021 around 608.570 people will die from cancer in America (Siegel
RL et al. 2021). Urothelial carcinomas (UCs) is expected to be the 6" most common
cancer in 2021 in developed countries (Siegel RL et al. 2021). According to anatomical
location, they were divided into the upper (pyelocaliceal cavities and ureter) and the lower
(bladder and urethra) urinary tract UCs. Upper tract urothelial carcinomas (UTUCs) are
uncommon, and the incidence rate is only 5-10 % of all urothelial carcinomas (Siegel RL
et al. 2021). A report predicted an annual incidence of almost around 2/100,000 residents
in Western countries. Ureteral tumors occurred approximately in 50% of patients
diagnosed with UTUC, while the other half presents with pyelocaliceal tumors. In

addition, approximately one out of five cases is diagnosed with synchronous bladder



cancer (Cosentino M et al. 2013; Rouprét M et al. 2020). However, bladder cancer (BC)
is the most common malignancy in the urinary system with 90-95% of all urothelial
carcinomas (Siegel RL et al. 2019). According to the recognized standard of TNM (“T”
means the size of primary tumor or/and local extension of it; “N” means whether it
involves the regional lymph nodes; “M” means distant metastasis) (Wittekind C et al.
2017) staging, only considering the depth of invasion (T stage) without “N” and “M”,
bladder cancer can be divided into muscle-invasive bladder cancer (MIBC) and non-
muscle-invasive bladder cancer (NMIBC). Approximately 75-80% of bladder cancer
cases are superficial, commonly referred to as non-muscle-invasive bladder cancer.
Around 1/5 of NMIBC progress to invasive tumors (Grivas PD et al. 2011; Matulewicz
RS et al. 2020). However, in spite of a lower incidence rate than NMIBC, MIBC usually
means a very poor prognosis for the patient affected (Kamat AM et al. 2016; Prasad SM
etal. 2011). In addition, close to 70 % of UTUCs were invasive at diagnosis, but this ratio

in bladder cancer was 15-25 % (Margulis V et al. 2009).

1.1.2 Disease management

Regarding UCs management, appropriate surgeries are the golden standard for cancer
therapy. But cancer treatment should be evaluated by clinical stage, tumor grade, and the
relevant risk factors of the patient (Lerner SP et al. 2016; Resnick MJ et al. 2013; Seisen
Tetal. 2016; Rouprét M et al. 2014). For localized nonmetastatic UTUCs, kidney-sparing
surgery in low-risk tumors is the preferred strategy. Because radical nephroureterectomy
(RNU) failed to result in better prognosis and mortality rate when compared to kidney-
sparing surgery (Seisen T et al. 2016). In high-risk nonmetastatic and metastatic UTUCs,
RNU is the standard therapy (Margulis V et al. 2009). But recent reports indicated that in
metastatic UTUCs RNU could be performed in carefully selected cases with metastases
only to one location (Moschini M et al. 2020; Nazzani S et al. 2019). In addition,

endoscopic ablation (Cutress ML et al. 2012; Vemana G et al. 2016), ureteral resection


https://www.ncbi.nlm.nih.gov/pubmed/?term=Grivas%20PD%5BAuthor%5D&cauthor=true&cauthor_uid=21904656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matulewicz%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=32760227
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5890941/#R30
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5890941/#R46
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5890941/#R46
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5890941/#R35
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5890941/#R49
https://www.sciencedirect.com/topics/medicine-and-dentistry/nephroureterectomy

(Ou YC et al. 2018), should be considered with specific conditions. The management of
BC by transurethral resection of the bladder (TURB) in combination with adjuvant
treatment was recommend for all patients by EAU guidelines (Brausi M et al. 2002;
https://uroweb.org/guideline/non-muscle-invasive-bladder-cancer/#7). In addition, many
studies provided evidence that TURB in combination with neoadjuvant/adjuvant
intravesical chemotherapy yielded lower disease recurrence and reduced mortality rates
and the risk of progression (Matulewicz RS et al. 2020; Hosogoe S et al. 2018; Porten S
et al. 2014) when compared to TURB alone.

1.1.3 Prognosis

Many distinct therapeutic strategies have been established and yielded beneficial effects.
But the disease prognosis is still a limiting factor. Studies showed that the 5-year survival
in stage pT2/pT3 tumors was less than 50% and only approximately 10% in pT4 of UTUC
(Rouprét M et al. 2013; Lughezzani G et al. 2012). We therefore need to develop a model
to better recapitulate the disease and improve the prognosis, rather than only focus on
conventional cell-lines or animal models. Recently, more and more research groups joined
in using 3-dimensional organoid models to study and to improve this situation (Lancaster

MA et al. 2019; Lee SH et al. 2018; Mullenders J et al. 2019; Pauli C et al. 2017).
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1.2 Cell-lines

Cell-lines have been used as the models to investigate mechanisms of diseases for a long
time, and for several reasons they are still key models in basic scientific research fields.
Cell-lines are easily to maintain and can be employed for instance in experimental series
to investigate responses of cells on molecular levels. Especially in cancer research, tumor
cells in 2-dimensional (2D) culture systems partly recapitulate the ability of genomic
aberrations in parent tumors (Goodspeed A et al. 2016). Such cells grant access to
exploration of the molecular causes of the particular malignancy and may pave way for
possible therapies. In general, such cell culture experiments are the fundament of modern

cancer research to better understand its development and progression.

However, more and more studies reported the limitation of cell lines in research in the
past few years. For instance, mammary cancer cell lines were not including the subtype
of a specific form of cancer referred to as luminal A (Goodspeed A et al. 2016) and the
relevant results from cell-lines were hard to repeat, so that the researchers faced
difficulties to explain the results obtained and even made some erroneous conclusions.

(Ben-David U et al. 2018; Freedman LP et al. 2015; Prinz F et al. 2011).

1.3 Organoids

In past several decades, more and more in vitro disease models have been explored. In
this context, the 3-dimensional (3D) organoid culture system should be highlighted as a
novel key technology in cancer research. In traditional experimental approaches, we
usually focused our attention on cancer cells by themselves when exploring tumor
growth. However, recent research showed clear facts, and we now understand the
contributions of accompanying cells, such as endothelial and fibroblasts, for growth
deregulation in a tumor in much more detail. These normal “bystander” cells play a key

role for driving tumor cell proliferation (Hanahan D et al. 2010). This contribution of
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“bystander cells” to the in vitro growth of tumor cells is one advantage of tumor
organoids. Organoids therefore offer a way to explore in vitro the interplay of the tumor
an its microenvironment under conditions much closer to the in vivo situation than
standard 2D cell culture systems. In fact, the term or system “organoid” was coined for
the first time more than seventy years ago. It was used to describe the features of tumors
under the microscope at that time (Smith E et al. 1946). Recently another definition of
“organoid” was introduced. It means an in vitro 3D structure containing cells and a matrix
or scaffold as described in a recent publication (Sato T et al. 2009). The establishment of
in vitro 3D structures was derived from stem cell research, including research employing
embryonic and adult stem cells, induced pluripotent stem cells or embryonic progenitors,
which can produce self-organized organoids in vitro and develop in their in vivo mimetics
(Huch M et al. 2015).

Organoids derived from pluripotent stem cells were generated from tissue samples of
brain, retinal, adenohypophysis, cerebellum, hippocampus, stomach, lung, thyroid, small
intestine, liver, and others (Clevers H. 2016). These different types of stem cells were
divided from pluripotent embryonic stems or from induced pluripotent stem cell lines
(1IPSCs) (Chen KG et al. 2014; Cherry AB et al. 2012). Organoids derived from adult stem
cells were generated from small intestine, colon, stomach, liver, pancreas, prostate,
mammary gland, fallopian tube, taste buds, lung, salivary gland, and esophagus. This
suggested that organoids can not only be generated from pluripotent stem cells, but they
also grow from adult stem cells when cultured in appropriate conditions (Clevers H.

2016).

One of the most important applications of human organoid cultures is to establish novel
disease models to overcome the limitations of current research strategies. Compared to
traditional 2D cell cultures, organoids grow in 3D structures, reflecting the micro-
anatomy of the tissue of origin. Compared with most animal models, organoids provide

human-derived tissues for experimental research. So far, organoid models were used to
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mimic cystic fibrosis of the intestinal system (Dekkers JF et al. 2013), Leber congenital
amaurosis (Parfitt DA et al. 2016), and infectious diseases (Ciancanelli MJ et al. 2015;
Bartfeld S et al. 2015; McCracken KW et al. 2014). The personalized medicine developed
by colon organoid-based cystic fibrosis testing (Dekkers JF et al. 2013) became the first
personalized therapy test for a patient (Berkers G et al. 2019). In the meantime various
types of cancer organoids were described (Sato T et al. 2011; Takebe T et al. 2013,
Lancaster MA et al. 2013). In conclusion, human tissue- and tumor-derived organoids
might be a new way to evaluate the effects of drugs and can supplement some of the

animal tests required in pharmacological and toxicological research.

1.4 Immunostaining

Immunostaining was used to detect specific proteins by an antibody-based method in
tissues and was adapted to research in histology, molecular and cell biology.
Immunohistochemistry (IHC) pursues the investigation, in particular the biological
features in tumor lesions. IHC markers were divided into four types: diagnostic,
predictive, therapeutic and prognostic (Tsutsumi Y. 2021). The antibody referred to as
AE1/AE3 is a pan antibody, which recognizes both high molecular weight and low
molecular weight keratins, generally expressed in cancer cells of epithelial origin. The
expression of high molecular weight keratins cytokeratin (CK) 5 and CK 8 and low
molecular weight keratin CK 20, were used to characterize tissues of an epithelial origin.
In bladder, cells expressing CK 5 are associated with a basal molecular subtype, and CK
8- and CK 20-positive cells are associated with a luminal molecular subtype. Furthermore
research of cellular subtypes grants better understanding of cancer biology (Damrauer JS
et al. 2014). Fibroblast growth factor receptor 3 (FGFR3) mutations are frequently found
in bladder cancer. They were considered a key promoter of bladder cancer (Chae YK et

al. 2017) and are being used as a the therapeutic target. The vimentin marker is an
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intermediate filament protein which is expressed in mesenchyme cells rather than

epithelial tissue.

The cell surface molecules CD47 and CD276 (B7-H3) are immune checkpoints antigens.
They are ligands on tumor cells which combine with receptors on immune cells (Zhang
Y et al. 2020). CDA47 is broadly expressed in human cells. In contrast, CD276 protein is
mainly expressed on tumor tissue rather than on normal tissue. Based on these features of
immune checkpoints, novel therapeutic strategies using these targets for cancer therapy
are currently being investigated of contribute to clinical feasibility studies to improve the

cancer situation in the near future.

1.5 Cytotoxicity assay

A cytotoxicity assay is defined as test to determine the viability of cells in response to
cytotoxic compounds. Cells may stop growing, undergo necrosis (= uncontrolled death),
autophagy and apoptosis (= energy consuming controlled cell death) when exposed to
cytotoxic substances. To evaluate potential pharmaceuticals or explore novel drug therapy

strategies, cytotoxicity assays are frequently performed.

In our study, we compared two different reagents to measure the cell viability.
Determining cell viability is based on the conversion of the water-soluble tetrazolium
(WST) reagent in a colored dye through mitochondrial dehydrogenase. This enzyme is
active only in viable cells. The dye generated diffuses in the medium of the well plate and
the absorbance is recorded by a plate reader. The color generated was used to estimate the
cell cytotoxicity. In a second series of experiments CellTiter Glo reagents were employed

to measure metabolic or viability of cells. In this case, we measured ATP as indicator of
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viability, and recorded ATP-dependent luminescence to evaluate the drug effects in

comparison to the corresponding controls.

1.6 Drugs
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Figure 2: The mechanism of drug action. Cisplatin through DNA damage to cause cancer cells to apoptosis

L\». \ \

and was marked by blue color. Both Venetoclax and S63845 are belong to Bel-2 families, but with different
target to act the response. The intrinsic (mitochondrial) pathway is marked by orange color (adapted from

https://www.medchemexpress.com/Targets/Bcl-2%20Family/bcl-2-family-signaling-pathway.html).

1.6.1 Cisplatin

Cisplatin is widely known and used as the first setting chemotherapy drug in different
disorders such as lung-, ovarian-, breast- and bladder cancer (Dasari S et al. 2014). It acts
through crosslinking the purine bases of DNA and thus inhibits the replication of DNA

and obstructs DNA repair mechanism. This leads to DNA damage and induces cancer

15


https://www.medchemexpress.com/Targets/Bcl-2%20Family/bcl-2-family-signaling-pathway.html

cells to undergo apoptosis. In addition, members of the Bcl-2 family facilitate the release
of cytochrome C in mitochondria to regulate DNA damage and then induce the apoptosis
of cancer cells as well (Figure 2). Cisplatin has been unambiguously proved to be a
therapeutic option for different types of cancers, such as sarcomas of bones, of soft tissue
and muscles and carcinomas. Due to this clear pharmacological mechanism and effects,
cisplatin is an excellent drug and was selected to test drug responses in the novel 3D

organoid model. It was uses as standard reference to evaluate the effects of other drugs.

1.6.2 BH3-mimetics: Venetoclax and S63845

A hallmark in most and maybe all different types of cancer is their acquired resistance
towards apoptosis (Hanahan D et al. 2011; Holohan C et al. 2013). The apoptotic program
almost exists in all types of cells in a latent form. The hypothesis that apoptosis might be
a barrier to intervene tumor growth was proposed some 50 years ago (Kerr JF et al. 1972).
With the development of cancer research, anti-apoptotic mechanisms of cancer cells have
been proved to be promising therapeutic strategy. Among other chemicals, “BH3-
mimetics” represent one of the important and promising compounds in this context
(Villalobos-Ortiz M et al. 2020). BH3 is the only pro-apoptotic protein belonging to the
Bcl-2 family. Through interactions with other components at the outer membrane of
mitochondria BH3 will determine whether Bax/Bak will change their structure,
oligomerize and then cause apoptosis (Figure 2). Inhibition of the anti-apoptotic proteins
of the Bcl-2 families has been proved to be inefficient, because the small molecules can’t
be blocked completely by components applied so far (Villalobos-Ortiz M et al. 2020).
Therefore, more research is needed to develop this field and to evaluate the effects of
novel BH3-mimetics.

Venetoclax and S63845 have already been proved true BH3-memitics (Villalobos-Ortiz

M et al. 2020). The drug venetoclax is used to treat blood cancer and yielded clear positive
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effects in clinical trials. But to the best of my knowledge, it was never used to therapy
urological cancer in the past. The same situation is noted for S63845. In particularly, this
compound is a purely experimental chemical. So, patient-derived organoids are an

interesting attempt to evaluate the impact of these compounds in urological cancers.

1.7 Aim of the study

Patient-derived organoids have found an ever-increasing interest in basic research as well
as in pre-clinical and clinical work. More and more valuable applications were reported
during the past decades. But research progress is still in a kind of early stage, particularly
in urology, as protocols to generate stable bona fide organoids are not standardized to a

satisfactory level. Therefore, it needs more investigations to develop this field.

The purpose of this thesis was to generate a method to establish patient-derived organoids
from urothelial carcinomas, including upper tract urothelial and bladder carcinoma. The
aim of this work was to prove whether they are bona fide UC organoids and to
characterize some biological features of them by analysis of marker gene expression.
Employing the organoid lines generated, cytotoxicity assays were used to perform
cytotoxicity analyses with cisplatin, venetoclax and S63845, respectively. In addition,
autologous conventional 2D cells were used to test the drug response in adherent cultures
as well. In conclusion, this thesis was designed to explore whether urothelial carcinoma
cells in 3D organoid systems responded to the drugs, and if these responses reveal

differences between 3D organoids and conventional 2D cultures.
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2 Materials & Methods

2.1 Equipment

Table 1: Equipment

Equipment Manufacturer
Cell Incubator Binder
Biological Safety Cabinets MSC 1.5 Thermo
Platform Scale 770 Img KERN
Centrifuge 5424 Eppendorf
64R Centrifuge Allegra™
Centrifuge Lab Technology
FVL-2400N Euro Plug Biosan Sia
LSM 510 Laser Microscope Zeiss
Axiovert 200M Microscope Zeiss
Axiovert A1 Microscope Carl Zeiss
Lightcycler 480-11 Roche
Electrical pipetting device Eppendorf
Pipette

0.5 —10pl.

10 —100pl. Eppendorf

20 —200pl.
100 — 1000ul
Pipetboy Hirschmann
Stirrer Reax Top Heidolph
Water Bath WBT 22 MedingLab
Refrigerator -80°C Sanyo and Skadi
Refrigerator 4°C and -20°C Liebherr
GloMax GM3500 Promega
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Nano Photometer NP80 Implen
Thermal Cycler UNO-2 Biometra

2.2 Consumables

Table 2: Consumables

Consumables Manufacturer

Pipette 2 ml, 5 ml, 10 ml, 25 ml, 50ml Corning

Pipette tips Eppendorf
epT.l.P.S. Standard Eppendorf
Petri dish Greiner bio-one

Safe-lock Tubes 1.0 ml, 1.5ml, 2.0 ml  Eppendorf
Tubes 15 ml, 50 ml Greiner Bio-one
Cryovial 2.0 ml Thermo Scientific

24-well, 48-well, 96-well cell culture Corning

plate

6 well culture plate Corning

Opaque 96-well plate Costar

Decosept Sensitive Dr. Schumacher
Medical Examination Gloves Abena
Disposable Scalpel 20x Feather

Flask 25 cm?, 75 cm? Falcon

Filter Tips 200 pl Biosphere Plus69
Disposable Counting Chambers NanoEntek
(DHC-NO1)

Premium Tips 1 ml (free of DNase and Biozym

RNase)
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Parafilm

PCR Tube Strips 0.2 ml

X-well Tissue Culture Chambers
C-Chip DHC-NO1

Filter 70-um, 100-pm

Pechiney
Eppendorf
Sarstedt AG
NanoEnTek

Greiner bio-one

2.3 Chemicals, enzymes, reagents

Table 3: Chemicals, enzymes and reagents

Material Supplier
Advanced DMEM/F12(1X) Gibco

DPBS (Dulbecco’s Phosphate-buffered Gibco

saline)

Collagenase Typ I (3000U/ml) STEMCELL Tech

Trypanblue

Hepatocyte Culture Media

epidermal growth factor (EGF)
Glutamax 100X

Primocin

Cultrex Basement Membrane Extract,
Type 2

Y-27632 dihydrochloride

Sigma-Aldrich Chemie
Corning

Corning

Invitrogen

Invitrogen

Bio-Techne

MedChemExpress

FBS (Fetal bovine serum)
Charcoal dextran-coated, C6241
FGF 7 (Fibroblast growth factor)
FGF 10

FGF 2

Sigma-Aldrich Chemie
Sigma-Aldrich Chemie
PeproTech
PeproTech
PeproTech
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B27 supplement

A 83-01

N-Acetylcystein

Nicotinamide

Dispase I1(D4633)
TrypLE(1X)

DMSO (Dimethyl-sufoxid)
RPMI Medium 1640
Lightcycler 480 SYBR Green [
Rnase Fibrous Tissue Mini Kit
Dnase Blood and Tissue kit
Advantage RT-for-PCR kit
WST-1 reagent
CellTiter-Glo® 3D reagent
CellTiter-Glo® 2.0 reagent
MEM Earle’s-FG 0325

FBS

MEM Non-Essential Amino Acids
(100X)

HEPES(1X)

DAPI

Goat-anti-mouse IgG Cy3
Goat-anti-rabbit IgG Alexa F1.488

Gibco

Tocris

Sigma-Aldrich Chemie
Sigma-Aldrich Chemie
Sigma

Gibco

AppliChem

Gibco

Roche

Qiagen

Qiagen

Takara

Roche

Promega

Promega

Bio-sell

Sigma

Gibco

Gibco
Jackson ImmunoResearch
Jackson ImmunoResearch

Jackson ImmunoResearch

Mouse-anti-cytokeratin

AE1/AE3 Antibody
Rabbit-anti-cytokeratin 5
Cytokeratin 8 Monoclonal Antibody
Cytokeratin 20

Millipore, MAB3412

BioLegend, 905504
Invitrogen, MA5-14088
DAKO, M7019
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Mouse Anti-Vimentin Becton Dickinson, 550513
CD 47 Monoclonal Antibody(B6H12) Invitrogen, 14-0479-82
Anti-CD276 antibody Abcam, ab226256

2.4 Buffers and Solutions

Table 4: Buffers and solutions

Buffer Ingredients

Transport medium 500 ml Advanced DMEM/F12(1X)
1 ml (50mg/ml) Primocin

HCM medium 500 ml Hepatocyte Culture Media
5 ng Epidermal growth factor (EGF)
5 ml (100X) Glutamax
1 ml (50mg/ml) Primocin

MEM medium 500 ml MEM Earle’s
10% FBS
1% NEAA

0.2% Primocin

Organoid culture medium (OCM)-1 95% HCM
(HCM+5% csFBS) 5% csFBS
Organoid culture medium — 2 95% HCM

5% csFBS

0.1% Y-27632

Organoid culture medium — 3 12. 5 ul FGF 7
12.5 ul FGF 2

50 ul FGF 10

50 ul A83-01
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Freeze medium

Splitting medium

Blocking solution

Primer mix

Master mix for qRT-PCR

Master mix for reverse RNA to cDNA

125 pl N-Acetylcystein
500 pl Nicotinamide
1 ml B27(50X)

48. 25 ml ADMEM/F12 medium
50% RPMI Medium 1640
30% csFBS
20% DMSO
50 ml Advanced DMEM/F12
500 ul HEPES
500 pl L-Glutamine
5% BSA (2.5 g in 50 ml PBS, 10 min,
37 °C, 5% CO2 -> filtration 0.45um)
0.2% Triton-X-100(100 pl)
0.1% Tween 20(50 pul with cup tip)
NTC water 400 ul
Forward primer 50 pl
Reverse primer 50 pl
SYBRgreen 10 pl
NTC water 6 pl
Primer mix 2 pl
4 ul 5x buffer
0.5 pl Rnase inhibitor
I pul ANTP mix

1 pl reverse transcriptase
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2.5 Cell lines

Table 5: Cell-lines

Cell line

Reference

RT 4
HT 1197

ATCC, HTB-2
ATCC, CRL-1473
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2.6 Tissue samples

Table 6: Information of selected tissues samples

Prior

Line and therapy

tissue Tumor | Pathologic before Primary/

origin Sex | Age | stage | classification | Smoking | surgery Surgery type Recurrence
BCO#41* | M 77 Ta Low-grade Yes No TURB Primary
BC Tumor urothelial

carcinoma

BCO#44* F 81 T3a squamous Passive No Cystectomy Primary

Lymph cell smoking

nodes carcinoma
BCO#56* F 74 T3 High-grade No No Nephro- Primary

UTUC urothelial ureterectomy

Tumor carcinoma
BCO#107 | M | 70 Tl High-grade Yes No TURB Primary
BC Tumor urothelial

carcinoma
BCO#136 | M | 57 T2a High-grade Yes No TURB Primary
BC Tumor urothelial
carcinoma

BCO#140 | M | 62 Tl Small-cell Yes No TURB Primary
BC Tumor carcinoma
BCO#147 | M | 59 T4 High-grade Yes No Nephro- Recurrence

UTUC urothelial ureterectomy

Tumor carcinoma

*These BCOs were prepared together with Leander Schwaibold and will therefore be also part of his

medical thesis. All other BCOs were prepared and explored by myself.
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2.7 Primary organoid cultures

Patient derived tissues were obtained from the surgery samples and immediately
submerged in centrifugation tubes filled with transport solution and shipped on wet ice to
the laboratory. Then tissue was placed in a petri dish to determine the wet weight, covered
with transport solution, and dissociated by aid of a scalpel in tiny pieces. The samples
were sedimented by centrifugation (480g, 10 minutes, ambient temperature), the
supernatant was removed, and the pieces were resuspended in HCM complemented with
Collagenase Typ II (2 X 30minutes, 3000U/ml, 37°C, 5% CO3). To remove debris, the
digested tissue was filtered (70-pm or/and 100-um), and the cells were sedimented by
centrifugation (150g, 5 minutes, ambient temperature). The yield of cells was determined
by aid of a hematocytometer using trypan blue dye exclusion and computed (see 2.9.).
Aliquots of Matrigel were prepared on wet ice. 20,000 cells suspended in 10 pl medium
were mixed with 30ul Matrigel on ice and 40ul mixed solutions of cells with Basement
Membrane Extract (BME) was planted into one well of a 24-well plate. The plate was
flipped headlong 180° to generate a hanging drop and incubated at 37°C, 5% CO» for 15
minutes in humidified atmosphere to harden the hydrogel. After that, the plate turned 180°
again, and 500 pl organoid culture medium was added to each well. During the first 7
days, Rock inhibitor Y-27632 (10 uM) was included in the organoid culture medium to

avoid cellular apoptosis (This method is improved based on “Mullenders J et al. 2019”).
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2.8 Primary cell-culture in 2D

2.8.1 Tissue origin cell-culture in 2D

For some experiments, normal 2 dimensional (2D) adherent cell cultures were prepared
from surgical specimen of human urothelial cancer tissue samples. In brief, the tissue was
dissociated by scalpel, sedimented, degraded by collagenase, filtered, and the yield of
cells was enumerated as described above (see 2.7). The cells were resuspended in MEM
medium and cultured in 6-well plates with 3 ml MEM medium per well. For tiny tissue
processing, dissection of the samples was omitted, samples were degraded by proteolysis

only, and directly seeded in culture medium.

2.8.2 Organoids origin cell-culture in 2D

In some cases, 3D organoids were established but the corresponding normal 2D cultures
were missing. As surrogate for normal 2D cultures, organoids were harvested to isolate
the cells using the organoid passaging methods (2.10). But the last step, after digestion

by dispase II and TrypLE, cells were washed, and cultured in flask in MEM medium.

2.9 Counting cells/organoids

The establishment of organoid and cytotoxicity assay should be performed in the suitable
concentrations of organoids/cells. To obtain the preparation concentrations of

organoids/cells, counting organoids/cells according to the formula:
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— count
=== don’t count

(Cite from: www.protocols.io/view/counti 1ls-with-hemoc; sdfne.html)

+@+03)+
C(concentration) = w X2 x10* cells/ml

Totally 40 ul mixed solution (20 pl organoids/cells suspension with 20 ul trypan blue)
was added to counting chambers. For the special counting of organoids of cytotoxicity
assay, a single cell or cell cluster was counted as the number 1 to calculate the numbers

of organoid.

2.10 Splitting organoids

Organoids should be passaged when grown dense, or when the 3D structure start to
disintegrate. First, the suitable splitting ratio (in most cases < 1:5) should be determined
under the microscope. For cell harvesting, the organoid culture medium was aspirated and
replaced by HCM without csFBS complemented with dispase and incubated (1 hour at
37°C, 5% CO, humidified atmosphere). Next, the organoid suspension was centrifuged
at 150g for 5 minutes. The supernatant was aspirated, the pellet was resuspended in
TrypLE, and incubated for 5 minutes at room temperature. Using the pipette, organoids
were dissociated to individual cells. To stop the proteolysis, the centrifugation tube was
filled up with organoid culture medium and cells were sedimented by centrifuge at 150g
for 5 minutes. Next, the supernatant was removed, and the cells were resuspended in 40
pl mixed solutions of organoids in medium complemented by Basement Membrane
Extract. The mixture was planted into the middle of the well and the plate was tilted over

headlong (180°) and incubated at 37°C, 5% CO- for 15 minutes. After that, the plate 180°
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was turned around again, and 500 pl organoid culture medium per well per well were
added to the construct in a 24-well plate. (This method is improved based on “Mullenders

Jetal. 2019”).

2.11 Freezing organoids

To store organoids and secure back-up samples, the BME matrix was digested by dispase
II for 1 hour at 37°C, 5% COx. After incubation, the suspension containing organoids was
centrifuged at 150g for 5 minutes. Next, the organoids were resuspended in 1 ml organoid
culture medium and mixed gently with 1 ml ice-cold freezing medium. Then the
organoids were transferred into cryopreservation tubes, slowly cooled to — 20 °C, and
stored for no more than 4 weeks at -80 °C until further use. For long-term storage, the

organoids were transferred in a liquid nitrogen tank.

2.12 Thawing organoids

Cryopreservation tubes were retrieved from the -80°C deep freezer or from the liquid
nitrogen tank were transported on ice to the 37 °C water bath as quickly as possible. The
organoids were thawed in less than 1 minute. Then organoids were resuspended in 10 ml
prepared warm cultured medium and were sedimented by centrifugation at 150 g for 10
minutes. The supernatant was removed. The ice-cold organoid suspension mixed with
BME stock solution (40 ul total) was planted into the middle of the well, the plate was
tilted over (180°) and incubated at 37°C, 5% CO: for 15 minutes to generate hanging
drops. After that, the plate was turned around again. Then 500 pl organoid culture medium

was added into per well in 24-well plate.
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2.13 Fixation of organoids

After selecting 4-5 wells of well grown organoids for fixation per chamber slide, the
organoid culture medium was replaced by HCM (without csFBS) with dispase II and
incubated for 1 hour at 37°C, 5% COa». Next, the organoid suspension was centrifuged at
150g for 5 minutes. The supernatant was removed, and the sediment was resuspended in
TrypLE and incubated for 5 minutes at room temperature. By pipetting up and down the
organoids were resuspended to individual cells. Then, the tube was filled up with organoid
culture medium and centrifuged at 150g for 5 minutes. Carefully remove the supernatant
down to 20 — 30 pl. Next, 1160 pl cold splitting medium and 40 pl BME with organoids
resuspension were added for 8 chambers (150 pl per chamber). After incubation for 2
hours at 37°C, 5% CO», 250 pul 4% PFA per chamber was added and incubated for 30
minutes at the room temperature under the fume cupboard. Then 250 ul PFA was removed
and washed with 250 pl PBS per chamber for 3 times X 5 minutes at room temperature.
250 pl blocking solution were added per chamber and incubated for 1 hour at 37°C, 5%
CO2. Moreover, samples were washed with 250 ul PBS-T per chamber for 5 min at room

temperature and then stored at 4°C until staining (< 1 week).

2.14 Immunofluorescence staining: chamber slides

Immunofluorescence staining was used to characterise organoids. The PBS was removed
from the fixed organoids. Antibodies were diluted to concentrations predetermined in
preliminary tests in 1% BSA/PBS-T. Then 100 pl antibody solution per chamber was
added and incubated for 1 hour at 37°C, 5% CO2 in a humid chamber. Next, the antibody
solution was removed and the samples were washed three times for 3min with 250ul PBS
per chamber. The fluorescence-labelled secondary antibody was diluted in 1% BSA/PBS-
T (1:1500), DAPI (1:1000) was added, and the samples were incubated at room

temperature for 1 hour in humid chamber. The antibody/DAPI solution was poured off
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and the samples were washed with 250u1 PBS per chamber three times for 3 minutes. At

the end, the samples were covered with Dako mounting medium and cover glasses.

2.15 RNA Extraction using Rneasy Kit from Quiagen

To quantify the expression of immune checkpoint proteins organoid cultures, RNA was
extracted, revers transcribed to generate cDNA, and quantitative real-time polymerase
chain reaction (qQPCR) was used to enumerate the transcripts. Expression of GAPDH and
PPIAy were investigated to normalize the expression of the target gene using the
differences of the crossing points of the cDNA amplification (Acp) (Rasmussen R et al.
1998).

The organoid was digested by dispase II and TrypLE, respectively as described above
(see 2.10.). The cells were transferred in a 50 mL centrifugation tube, washed by medium
and sedimented by centrifugation (1,500rpm, 7 minutes). RNA was extracted as requested
by the supplier of the kit. The cells were washed by 10ml cold PBS by centrifugation and
resuspended in 350ul RLT buffer containing B-mercaptoethanol to isolate RNA. This raw
extract was stored at -70 °C for 2 hours. After that, the extract was thawed on wet ice and
350ul of the 70 % ethanol was added. The extract was homogenized by aid of needle
(G20) and syringe and transferred to a Qiagen RNA extraction column. Then the column
was centrifuged at 10,000 rpm for 15 seconds. The flow-through fraction was discarded.
350 ul RWI1 (RNA washing buffer) were added to the column and centrifuged again at
10,000 rpm for 15 seconds. The flow-through fraction was discarded. Next, 80 pul of
DNase were added on the column and incubated for 15 minutes at room temperature to
reduce DNA contaminations. The DNase was washed off by 350 ul RW1 buffer and
centrifugation at 10,000 rpm for 15 seconds. The flow-through fraction was discarded.
500 pl of RPE buffer was added and spun at 10,000 rpm for 15 seconds. The flow-through

was discarded again. 500 ul of RPE buffer were added and the column was centrifuged
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at 10,000 rpm for 2 minutes. By centrifugation at 10,000 rpm for 15 seconds the columns
were dried and the flow-through was discarded. Then, the column was placed in a new
tube and 40pul of RNase-free water were added and incubated for 1 minute. The purified
RNA was collected in the new tube by centrifugation at 10,000 rpm for 1 minute. The

flow-through containing RNA was stored at — 70 °C until reverse transcription in cDNA.

2.16 Reverse Transcription of RNA into cDNA

The reagents for reverse transcription were fetched from — 20 °C freezer, thawed on ice,
vortexed, shortly centrifuged, and then put on the ice. The RNA sample was fetched from
the — 70 °C deep freezer, thawed and put on the ice as well. 1ul RNA extract was used to
measure its concentration by UV-spectrophotometry (Crna, Nano Photometer NP8O0,
Implen, 260nm). The volume of RNA (Vrna) equivalent to 1ug was determined by the

formula:

1000 ng
Crnang/ul’

Virna =
1png of total RNA was added to a microtube and filled up to 12.5ul with DEPC water. The
RNA solution was mixed, centrifuged, and 1ul of oligo dT primer solution was added.
Next, the sample was put in a PCR block, and heated at 70°C for 2 minutes to melt RNA
double strands. The solution was quenched on wet ice and 6.5ul of cDNA synthesis
master-mix (Table 7) were added. The cDNA synthesis was performed as requested by
the supplier (Advantage RT-for-PCR kit TakaraBio, Saint-Germain-en-Laye, France).
The sample then was placed in the PCR block and incubated in the device at 42 °C for 1
hour. At the end, 80 ul of DEPC water were added, the sample was heated for 60 seconds
at 90°C to remove the enzymes from the cDNA-RNA heteroduplexes and to denature

these proteins. Then the sample was stored at — 20 °C.
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Table 7: The Master-mix for reverse transcription of RNA to cDNA

Reagent Volume
5 x buffer 4ul
RNase inhibitor 0.5ul
dNTP-Mix Tul
Reverse transcriptase Ll

2.17 Quantification of CD276 and CD47 mRNA transcription with qRT-PCR

The qRT-PCR was performed by a LightCycler 480 System. The reagents of Sybr green,
Primer-mix, non-template water and cDNA were mixed in a well of a 96-well PCR plate,
collected in the well tips by centrifugation, and put it on the ice until using. The
peptidylprolyl isomerase A (PPIA) and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) were used as the reference genes, often referred to as “housekeeping gene” or
“internal standard” to normalize the expression of target genes investigated in each extract,
cDNA batch, and amplification reaction. In a 96-well plate, 2ul of smooth muscle cells
(SMC) cDNA was first pipetted into the well which was used as the positive control. 2l
of non-template water as the negative controls were placed for each sample after that.
Subsequently, 18 pl of the master-mix were dispensed in each sample well. Then the 96-
well plate was covered with a transparent film and centrifuged at 1,000rpm for 1 minute.
The PCR amplification was performed by a LightCycler 48 (Roche) as described in (Table
8).

Table 8: Features of target marker gene by qRT-PCR

Program Temperature Time Cycles
Denaturation 95°C Ss 1
Amplification 95°C - 60°C- 72°C 10s — 20s — 30s 39
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Melting Curve 95°C - 60°C - 97°C 5s — 30s — cont. 1

Cooling 40°C 30s 1

2.18 Cytotoxicity Assay of 2D cells

2.18.1 Testing cells preparation

Normal urothelial cells (NUCs) were prepared from ureter samples of patients undergoing
kidney surgery at UKT (ethics committee approval #804-2020-B02) and expanded as
described (Aicher WK et al. 2021). Bladder tumor cell-lines RT4 and HT1197 (ATCC
Manassas, VA, US) were expanded as requested from the supplier. At the beginning, each
of NUCs, RT4 and HT1197 were use at an inoculation dose of 5,000 and 10,000 cells/96-
well plate. However, as cytotoxicity testing was performed for up to 4 days, the seeding
density of the cells was titrated to obtain sufficient numbers of cells for 24 hours
incubation times, yet to avoid cell confluence after 72 hours or 96 hours of incubation.

Confluence was expected to bias the drug test results.

Patient-derived urothelial cancer cell (UCC) cultures were the other source for 2D cells
(ethics committee approval # 804-2020-B02). The tissues from the surgery were divided
into two parts. One part was utilized for production of organoids, the remaining part was
used for preparation of UCCs in 2D cultures. The UCCs were characterized and expanded
as described (Aicher WK et al. 2021). In some cases, the amount of tissue obtained for
cell isolation was not sufficient to generate organoids and 2D UCC cultures. In these cases,
organoids were produced in the first place. Upon splitting an aliquot of cells was set aside
and transferred to 2D cell culture. This was a feasible way to perform this drug testing in

3D vs. 2D cultures.

The cells were expanded to achieve enough cells for the drug tests. To prepare the cells
for the assays, the cell culture medium was aspirated, and the cells were washed twice by

PBS. The cells were detached enzymatically by 1.5ml TrypLE (75 cm? flask) for Sminutes
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at 37°C, 5% CO2. After shaking the flask, 4.5ml of cell culture medium were added to
stop digestion. Cells were sedimented by centrifugation at 480g for 5 minutes. and
resuspended in 1 — 10mL medium to determine yield and viability of cells (see 3.10.).

Then obtain the aim concentration of cells and planted 100 pl cell suspension to each well.

2.18.2 Drug preparation

Cisplatin (CIS, Sigma-Aldrich, Germany) was chosen as the standard reference of the
drug testing. The original testing concentration were 66uM, 33uM, 25uM, 12.5uM,
6.25uM, 3.125uM, 1.5625uM, respectively. Venetoclax (VTX, Selleck Chemicals,
Huston, TX, USA,) is a BCL-2 inhibitor. S63845 (S63; Selleck Chemicals, Huston, TX,
USA) is an MCL-1 inhibitor, a member of BCL-2 family. Venetoclax was used as a
chemotherapy drug to blood cancer, but never reported in preclinical studies of urothelial
cancer. In contrast, S63845 is at present an experimental drug only. However, S63845
may become a bladder cancer drug in the future. Therefore, we compared it to CIS and to
VTX before clinical feasibility studies could be initiated. In the first series of experiments,
concentrations of VT X and S63845 were 25uM, 10uM, 4uM, 1.6uM, 0.64uM, 0.256 M,
0.1024uM, respectively. Untreated cells or solvent only samples (DMSO) served as

controls.

For the cytotoxic assays, the drugs were diluted to the final concentrations needed by cell
culture medium. To this end, 100u1 drug solution in medium was prepared for each testing
well (96-well plate). For the assay, the cell culture medium was replaced by drug solution
diluted in medium in each well and incubated in a cell culture incubator at 37 °C, 5 %

CO2 for 24 hours, 48 hours, 72 hours and 96 hours, respectively.
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2.18.3 WST assay

According to the introduction of use from the company, 100ul of WST solution was
directly added to each testing wells. The reagents were mixed for 30 seconds and
incubated for 2 hours at 37 °C, 5 % CO2. Then record the absorbance values were

measured at 440nm by a plate reader (GloMax).

2.18.4 CellTiter-Glo 2.0 assay

Due to the experimental conditions of CellTiter-Glo 2.0 reagent, opaque 96-well plates
must be used. Prior to the assay, plates were transferred to the sterile workbench to
equilibrate it and its contents at room temperature for approximately 30 minutes.
Subsequently, 100ul of CellTiter-Glo 2.0 reagent were added in each well (Figure 3, 4)
and incubated for another 10 minutes at room temperature. At the end, luminescence was

measured by the GloMax plate reader using an integration time of 0.3 seconds per well.

1 2 3 4 5 6 7 8 9 10 11 12
A
Untreated Untreated Untreated Untreated Uantreated
Blank | Blank | Blank | Blank | Blank - : * - -
Cells Cells Cells Cells Cells
C CIS, CIS, CIS, CIS, CIS, DMSO DMSO DMSO DMSO DMSO
VTX/S63 VTX/S63 VTX/S63 VTX/S63 VTX/S63 + + + + +
+ + + + + Cells Cells Cells Cells Cells
Cells Cells Cells Cells Cells
D CIS, CIS, CIS, CIS, CIS, DMSO DMSO DMSO DMSO DMSO
VIX/S63 | VIX/S63 | VIX/S63 | VIX/S63 | VIX/S63 + + + + +
+ + + + + Cells Cells Cells Cells Cells
Cells Cells Cells Cells Cells
E CIS, CIS, CIS, CIS, CIS, DMSO DMSO DMSO DMSO DMSO
VIX/S63 | VIX/S63 | VIX/S63 | VIX/S63 | VIX/S63 + + + + +
+ + + + + Cells Cells Cells Cells Cells
Cells Cells Cells Cells Cells
F CIS, CIS, CIS, CIS, CIS, DMSO DMSO DMSO DMSO DMSO
VTX/563 VTX/563 VTX/563 VTX/S63 VTX/863 + + + + +
+ + + + + Cells Cells Cells Cells Cells
Cells Cells Cells Cells Cells

Figure 3: The template of cytotoxicity assay in CellTiter Glo 2.0 reagent.
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2.19 Cytotoxicity Assay of 3D organoids
2.19.1 Testing organoids preparation

To discriminate random cell clusters from bona fide organoids, patient- derived organoids
were utilized only after passaging the cells for 5 splittings and seeding cells in fresh domes.

The cytotoxicity assay was performed with organoids in their 5™ passage, or higher.

Due to the limitations of the detection technique and according to the guidelines of the
reagent, the diameter of organoids to be tested by CellTiter-Glo 3D-chemistry in the
corresponding plate reader must be limited to less than 300pum. Therefore, the mean size
each of the organoids was checked under the microscope before testing the cytotoxicity.
After that, the BME was digested by dispase II for 1 hour at 37 °C, 5% CO.. The dispersed
samples were sedimented by centrifugation at 150g for 5 minutes and resuspended in
organoid culture medium. The organoids were counted and diluted to achieve well form
for the drug testing containing 1,000 — 2,000 organoids per milliliter. Lastly, 100ul of
organoid solution, including 3 - 5ul BME, were seeded in each well. Then incubated for

24 hours, 48 hours and 72 hours.

2.19.2 Drug preparation

Organoids grow in a matrix in 3D constructs. Therefore, culture medium or drugs cannot
be exchanged by aspiration and replacement while doing drug testing. Therefore, the drug
testing protocols were different between adherent cells and organoids. For drug tests of
organoids, 1ul of drug a corresponding stock solution was added per well to obtain the
concentration required. Then the well plates were incubated at 37°C, 5% CO; for the

timespan needed.
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2.19.3 CellTiter-Glo 3D assay

According to the CellTiter-Glo 3D reagent s synopsis, the 96-well plate and its contents
was incubated at room temperature (20 — 25 °C) for approximately 30 minutes to
equilibrate. Next, 100 ul CellTiter-Glo 3D assay reagent was added in each well (Figure
4) and incubated for 25 minutes at room temperature. Then luminescence was recorded

by a plate reader (GloMax) using an integration time of 0.3seconds per well.

- | -
Preparation ; Testing
Cells/Organoids + Drug | Cells/Organoids

Cultures
Cells/Organoids

+ &

2D cells Drug + Medium

s,

Testing

2D cell culture

3D organoid culture] 3% BME + Organoid Drugd,I | Testing
| + medium lution

Figure 4: The cytotoxicity assay in CellTiter Glo -3D and -2.0 reagent.

2.20 Data analysis

All data calculations and analyses were performed by a statistical software (GraphPad

Prism 8.0) and a spreadsheet program (Microsoft Excel).
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3 Results

3.1 Patient derived organoid lines

To establish three-dimension (3D) model of patient derived organoid lines. The UTUC
and BC samples were used to establish organoids. We classified 3D cell cultures in BME

as organoids after passaging for more than five generations and when they expressed the

marker antigens expected for BCO (see below).

Figure 5: Establishment of organoids after more passaging for more than five generations. A: BCO#41, B:
BCO#44, C: RTO#4, D: BCO#107, E: BCO#56, F: BCO#136, G: BCO#140, H: BCO#147. Scale bars
indicate 100 pm. The following BCOs were prepared together with Leander Schwaibold and will therefore
be also part of his medical thesis: BCO#41, BCO#44, RTO#4, BCO#56.

Each of organoid lines (Figure 5) investigated in this thesis was generated by myself and
expanded in HCM medium except BCO#147. The BCO#147 cells were cultured by my
colleague who employed a different method to establish and propagate organoids. But I
cultured BCO#147 for more than 2 months in HCM medium before doing cytotoxicity
assay. In addition, BCO#140 was established in two different methods and cultured in

both of HCM and OCM medium, respectively.

Among of them, BCO#41, #44, #107, #136, #140 and RTO#4 were established from BC,
and BCO#56 and #147 were generated from UTUC. The ratio of BC to UTUC is 2:6. In

39



addition, BCO#44 was cultured from a lymphnode metastasis of a bladder cancer. As a
variant histology, BCO#140 was a small cell type likely transformed from urothelial cell

which described by pathology.

3.2 Characterization of organoids

To characterize organoids, the immunostaining was performed. The sample of UTUC
(BCO#56) expressed epithelial and urothelial markers AE1/AE3, CKS5, CK8, CK20, as
well as FGFR3 and vimentin, which is expressed by mesenchymal cells, the immune
modulatory antigen CD47 and the immune checkpoint antigen CD276 (Figure 6). But
characterization of the immune checkpoint antigens on organoids was not a key point in
my thesis. It therefore was only performed once in the sample of BCO#56. Alexa 488 and

Cy3 were used as the negative control.

A AE1/AE3 DAPI CK5 CK8 DAPI CK20 DAPI FGFR3 DAPI Vimentin DAPI

BCO#56

CD47 DAPI CD276 DAPI

BCO#56

Figure 6: The immunostaining for the organoid lines. (A) Urothelial markers AE1/AE3, CK5, CK8, CK20,
FGFR3 and Vimentin were used to characterization upper tract urothelial carcinoma organoid. Scale bars
indicate 50pum. (B) Immune checkpoint CD47 and CD276 were detected by upper tract urothelial carcinoma

organoid. Scale bars indicate 50 um.
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3.3 Expression of CD47 and CD276 mRNA

A Experiment: 25-11-2020 CD47_2 and CD276 Yi - 2 Active filter: SYBR Green | / HRM Dye (465-510)
Sample Target/Re Normaliz
Chart Pairing  Name Targets References Mean Cp Mean Cp f ed Status
True E1/AL BCO#56 CD47_2 GAPDH;PPIA 2192652  0.1107
True E2/A2 bmMSC CD47 2 GAPDHPPIA 2220678 2486621  0.6441
True E3/A3 RT4 CD47_ 2 GAPDH;PPIA  21.19303 23.56471 0.599
True E4/A4 HT1197 CD47 2 GAPDH;PPIA 22.2785 23.95279 0.371
True ES/AS HL20/27 CD47_2 GAPDH;PPIA  21.27966 23.19328 0.4706
True G1/A1  BCO#56 CD276 GAPDHPPIA 2406115 21.92652  0.1304
True G2/A2  bmMSC CD276 GAPDH;PPIA 21.8268 24.86621 2.264
True G3/A3 RT4 CD276  GAPDH;PPIA  23.03134 23.56471  0.5622
True G4/A4  HT1197 CD276 GAPDH;PPIA 21.0596 23.95279 2117
True G5/A5  HL20/27 CD276  GAPDHPPIA 2296707 2319328 0.4836
B CD47 C CD276

0.7

0.6 -

0.5 -

04 -

0.3 -
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0 ] -

HT1197 BCO#SG HL20/27 bmMSC RT4 HT1197 BCO#56 HL20/27 bmMSC

Figure 7: Expression of CD47 and CD276 mRNA in BCO#56 organoid, tumor cell-lines RT4 and HT1197,
benign urothelial cells and bmMSC control. GAPDH and PPIA were used as the reference genes. (A) The
original data of qRT-PCR from LightCycler 480 System. (B) Expression of CD47 mRNA (C) Expression
of CD276 mRNA.

To confirm expression of CD47 and CD276 by organoids and to quantify the expression
of CD47 and CD276 mRNA in comparison to normal urothelial cells HL20/27, to the
bladder cancer cell lines RT4 and HT1197, and to human bone marrow-derived

mesenchymal stromal cells (bmMSCs), the qRT-PCR was performed (Figure 7).

According to the data of qRT-PCR, CD47 and CD276 were expressed in BCO#56 at lower
transcript levels than in the tumor cell lines RT4 and HT1197, HL20/27, and bmMSC:s.

CD276 showed higher expression in RT4 and in bmMSCs than in benign urothelial cells
HL20/27. But tumor line HT1197 transcribed less CD276 than HL.20/97 (Figure 7).
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3.4 Drug response

As organoids are a new experimental cell culture model to investigate drug responses, the
classic cytotoxicity WST-assay was used as a reference initially. Then CellTiter-Glo 2.0
reagent was used and compared to WST-assay. At the end, CellTiter-Glo 3D reagent was
used to determine the cell viability of cells in 3D organoids and that compared to 2D cells,

especially in autologous 2D cell cultures (Figure 8).

‘ Benign cells & Tumor cell-lines } DI WST- assay }— FI Record Absorbance

.J 2D cells |—” Not success |

Patient derived samples
4>| 2D cells | 4" CellTiter Glo 2.0 - assay I—hl Record Luminescence

(= 5 generations)

>| CellTiter Glo 3D - assay l_ .I Record Luminescence ‘

Figure 8: Overview of drug testing plan.

3.4.1 Benign cells and tumor cell-lines

To evaluate the drug response in organoid systems, a conventional 2D cell culture system
was used as the reference for it. The IC50s of 2D system were as the comparison value

(Table 9).

3.4.1.1 WST-assay

Before evaluation of the drug responds, the suitable drug testing concentrations should be
titrated. Initially, each drug was tested in 6 different concentrations: For titration of
Cisplatin the following concentrations were used: 66uM, 33uM, 25uM, 12.5uM,
6.25uM, 3.125uM and 1.5625uM. Venetoclax and S63845 belong to the Bel-2 family of

inhibitors. We therefore used these two drugs at the same concentrations to evaluate and
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compare drug responses. Venetoclax was used at the following concentrations: 25uM,

10uM, 4uM, 1.6uM, 0.64uM, 0.256uM and 0.1024uM ((Figure 9).

>

Cisplatin B Venetoclax
300- 150-
S <
z z
S 200 S 1004
e ks
i f
‘s 100 T 50
£ £
S 6
= z
0 LUNEL B S B B S R B S (N B B B B B R S R | 04T [T T T T T [T T T T T 1
0 20 40 60 80 0 10 20 30
C(um) C(uM)

Figure 9: Cytotoxicity assay by WST reagent. (A) The normalized cell viability of Cisplatin. Treatment
concentrations of cisplatin were 66uM, 33uM, 25uM, 12.5uM, 6.25uM, 3.125pM and 1.5625pM,
respectively. (B) Normalized cell viability of Venetoclax. The treatment concentrations of Venetoclax were
25uM, 10uM, 4uM, 1.6uM, 0.64uM, 0.256uM and 0.1024uM, respectively.

After initial drug titration, in the actual experiments the following drug concentrations
were used: Cisplatin at 30uM, 10uM, 3uM and 1pM to evaluate the drug response.
Venetoclax and S63845 at 25uM, 10uM, 4uM and 1.6uM.

In addition, the appropriate cell inoculation densities and cell growth conditions must be
determined, to obtain a sufficient read-out after short incubation times and consistent
time- and dose-dependent results during follow-up. 5.000 cells/well and 10,000 cells/well
were initially used. Under these two cell concentrations, RT4 and HT1197 cell-lines were
treated by cisplatin, venetoclax and S63845 for 24 hours, 48 hours, 72 hours and 96 hours

(Figure 10). These conditions granted consistent results.
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Figure 10: WST-assay in Cisplatin,

VTX RT4 5,000/10,000 cells/well
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Venetoclax and S63845 towards benign urothelial cells, RT4 and
HT1197 cell-lines. 30uM, 10uM, 3uM and 1uM were used in Cisplatin. 25uM, 10uM, 4uM and 1.6uM
were treated by Venetoclax and S63845. (A, B, C) The benign urothelial cells were used in 5,000 cells/96-
well and tested for 24h, 48h, 72h and 96h. (D, F, H) HT1197 cell-lines in 5,000 and 10,000 cells/96-well
were performed to determine the cell viabilities in 24h, 48h, 72h and 96h. (E, G, I) The same methods as
HT1197 were performed to evaluate cell viabilities of RT4 cell-lines as well.

3.4.1.2 CellTiter Glo-2.0 assay

Complementary to the WST-assay, analyses with the reagent CellTiter Glo-2.0 were

performed to evaluate the sensitivity and reproducibility of the cell viability tests included

in this study (Figure 11). Because the testing values of 3D organoids can be recorded only

by luminescence (but not by MTT-like chemistry) we used the CellTiter Glo-2.0 in 2D

cultures versus Glo-3.0 chemistry for organoids.
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Figure 11: CellTiter Glo 2.0 assay in Cisplatin, Venetoclax and S63845 towards benign urothelial cells, RT4
and HT1197 cell-lines in 24h, 48h and 72h. (A, B, C) The normalized cell viability of benign cells was
determined by cisplatin, venetoclax and 63845 in 24h, 48h and 72h, respectively. (D, E), (F, G), (H, I) The
normalized cell viability of HT1197 and RT4 cell-lines were tested by cisplatin, venetoclax and s63845 in
24h, 48h and 72h, respectively.
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Benign HT1197 RT4

IC5(] (MM) WST CellTiter Glo 2.0 WsST CellTiter Glo 2.0 WST CellTiter Glo 2.0
Cisplatin  day1 8.41 19.01 22.38 91.56 18.85 20.45
Cisplatin  day?2 ~9.71 3.67 10.50 17.76 10.06 11.82
Cisplatin  day3 ~9.83 3.52 7.184 12.05 7.27 9.96
Cisplatin  day4 - / ~10.05 / 431 /
Venetoclax dayl 1.18 6.21 2.378 ~252423 41.88 ~11.76
Venetoclax day2 0.21 0.74 4.633e+150 | ~12.16 85.27 13.70
Venetoclax day3 | 6.143¢+152 0.63 0.38 ~10.71 113.6 12.78
Venetoclax day4 | 6.]176e+150 / 19787407 / 60.42 /
$63845  dayl ~4.15 3.29 16.26 ~12.05 10.81 755.7
$63845  day2 2.37 2.12 5.48 ~11.51 7.24 59.68
$63845  day3 [ 2 290e+151 2.41 8.62 ~11.49 5.011e+143 195.00
$63845  day4 1.77 / 8.59 / 3.57 /

Table 9: The IC50s of cisplatin, venetoclax and s63845 from WST and CellTiter Glo-2.0 assay in benign

(3R]

urothelial cells and tumor cell-lines. means not converged (analysis by GraphPad Prism 8). “/”” means

not test.

3.4.2 Drug testing by patient derived organoid and autologous 2D cells

Patient derived organoids and the corresponding 2D cells were treated by cisplatin,
venetoclax and S63845, respectively. Records of the luminescence generated after 24h,
48h and 72h of incubation were used to calculate the cell viabilities (Figure 12, 13, 14).
The IC50s (Table 10) of them were analysed by GraphPad Prism 8. For BCO#147 not
enough organoids and corresponding 2D cells were available due to reduced cell growth
when the testing was performed. We therefore only chose to record the results in day 3

with BCO#147.
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cultures towards to cisplatin, venetoclax and S63845 in 3 days. (D, E, F) In 3D organoids of normalized

cell viabilities towards to CIS, VTX and S63 in 3 days.
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Figure 13: The normalized cell viabilities in BCO#140. (A, B, C) The cell viabilities towards to cisplatin,
venetoclax and S63845 in 2D cell cultures in 3 days. (D, E, F) In 3D organoids of normalized cell viabilities
towards to CIS, VTX and S63 in 3 days.
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Figure 14: The normalized cell viabilities of BCO#147 in day 3. (A, B, C) In 2D cell cultures of cell
viabilities towards to CIS, VTX and S63. (D, E, F) In 3D organoids of normalized cell viabilities towards
to CIS, VTX and S63.

BCO#56 BCO#140 BCO#147

ICo(uM) | ° & B » °
Cisplatin  dayl - 799.2 18.08 16.90 / /
Cisplatin  day2 1052 42.93 2.40 5.23 / /
Cisplatin  day3 49.82 15.48 0.89 1.99 10.85 ~31.31
Venetoclax day1 36.39 ~I11.15 388.1 14.74 / /
Venetoclax day2 21.88 ~10.79 12.74 8.78 / /
Venetoclax day3 0.32 ~10.41 8.733 9.27 3.152 ~2.986e+048
563845 dayl 124397 ~11.08 - ~0.63 / /
563845 day2 | 9.206e-005 ~10.25 21.34 ~10.11 / /
563845 day3 29.77 ~9.53 8.88 12.79 1.63 ~

Table 10: The IC50s of cisplatin, venetoclax and S63845 in 2D cell cultures and organoids. “-” means
interrupted, IC50s=0 (analysis by GraphPad Prism 8). “/”” means not test. “ ~ ”” means high.

To compare the results of organoids and 2D cell cultures with the same situation, only

results obtained on day 3 were explored to evaluate the effects of these drugs (Figure 15).
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Figure 15: Comparison normalized cell viabilities in organoids and autologous 2D cell cultures. (A, B, C),
(D, E, F), (G, H, I) Cell viabilities of cisplatin, venetoclax and s63845 in 3D organoids and autologous 2D
cell cultures in BCO#56, BCO#140 and BCO#147, respectively.

3.4.3 Comparison organoids, autologous 2D cell cultures and standard cells

The cytotoxicity assay was tested by WST and CellTiter Glo 2.0/3D reagent. The WST
reagent was recorded by absorbance, but CellTiter Glo 2.0/3D reagent were recorded by
luminescence. To evaluate the drug response between 2D cell cultures and 3D organoids
system, the unitary conditions was necessary. Therefore, we performed 2D cells versus
3D organoids in the luminescence assay. To compare them clearly, the curve of 2D cells
assay were merged together to compared to 3D organoids (Figure 16). The IC50s of

cytotoxicity assay in 2D and 3D were shown in the (Table 9,10.).
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Figure 16: The normalized cell viabilities in 2D normal cells, tumor cell-lines, organoids and autologous

2D cell cultures. (A) Cell viabilities in 2D benign urothelial cells, tumor cell-lines and patient derived 2D
cell cultures. (B) Cell viabilities from patient derived organoids.
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4 Discussion

4.1 Establishment and characterization of organoids

Based on the current state-of-the-art, production of patient-derived BC and UTUC origin,
has been brought to the research laboratories of Dept. of Urology at UKT. The
groundbreaking technical work how to generate BCO had been established by other
research groups recently (Lee SH et al. 2018; Mullenders J et al. 2019). However, they
generated organoids from non-muscle invasive bladder cancer or muscle invasive bladder
cancer. In contrast, to the best of our knowledge we describe for the first-time upper tract
urothelial cell carcinoma organoids. Experts agreed that 3D constructs should be named
organoids when they are consecutively passaged at least six times (Lee SH et al. 2018).
Others used the term organoid after only a few days of culture but propagated these
organoids for more than 1 year (Mullenders J et al. 2019). In addition, (Pauli C et al.
2017) reported multiple organoid cultures from 18 different tumor types, including
bladder/ureter, and defined organoids as spheroid-like structures and passaged them at
least 5 times. In our study, organoids were defined as spheroid cultures after passaging
for more than 5 generations followed by cellular characterization. Our first organoid line
BCO#56 was passaged to reach in consecutive culture 33 passages and 2 years of

continued growth.

Before applications of organoids can be planned one of the most important prerequisites
was to easily to generate them. According to the results of (Lee SH et al. 2018), bladder
cancer organoids were generated in 12 out of 17 samples within 9 months. Based on
(Mullenders J et al. 2019), 77 of organoid lines were established from 133 tissue samples
derived from tissue samples of 53 patients, including normal tissue- and tumor-derived
organoids. (Pauli C et al. 2017) showed that 56 organoids were generated from 145
surgical samples. In our lab, in the past 2 years, urothelial carcinoma organoids were

generated from 107 patient samples using our protocols and our criteria for quality

50


https://www.ncbi.nlm.nih.gov/pubmed/?term=Pauli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28331002
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pauli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28331002

controls. Overall, the success rate was less than 10%. In order to improve the situation,
two different expansion media, HCM and OCM, (Table 4) were used to culture organoids
and improve the success rate. OCM medium showed a better culture efficacy than HCM
medium in early organoid cultures, i.e., before 2-3 generations. However, OCM medium
hardly supported growth of organoids for a longer period exceeding 5 generations. In
contrast, HCM medium after two- or three-weeks of culture, showed better organoid
morphology and supported growth of organoids in higher passages. Because higher
success rates can be achieved by employing HCM medium in organoid cultures, we
decided to use preferably HCM medium to establish organoid lines in this study.
However, it might be possible to further rise the success rates of organoid cultures when
using yet different media during different time intervals. Studies along these lines are
currently under way. The organoid culture of urothelial carcinoma cells and their
application in urology are still in an early stage of research. Therefore, the rate of success

in organoid culture should be evaluated objectively.

Several of the organoid cultures grew initially well but failed to proliferate when they
reached 6-7 passages. These cultures died gradually after 1-2 months of growth. Due to
the limited number of lines available during this study, we couldn’t investigate the reasons
for culture failure. But some specificities of the tumor tissues obtained (figure 17),
including limited weight and size, surgical techniques applied to prepare the samples (e.
electrocautery vs. removal by blade), lack of sufficient numbers tumor (stem-) cells when
passaging generation after generation might be some relevant reasons for loss of the

organoids in early stages of culture.
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Figure 17: Tumor tissues and autologous images in microscope. (A, B) These two samples were generated

the best organoid lines. (C, D) These two tissues were failed to establish organoids.

So far, human tissue-derived organoids have been established from intestinal (Sato T et
al. 2011), liver (Takebe T et al. 2013), brain (Lancaster MA et al. 2013), gastric
(McCracken KW et al. 2014), lung (Dye BR et al. 2015), pancreatic (Boj SF et al. 2015),
renal (Takasato M et al. 2015) thyroid (Kurmann AA et al. 2015) and other tissues. But
up to now tumor-derived organoids can’t be generated currently from just any tissue
source (Lancaster MA et al. 2019). When progress on tissue- or tumor-derived organoids
from different tissues was published, some of the establishment methods presented
organoids with an interesting appearance. (Boretto M et al. 2017 and Turco MY et al.
2017) reported endometrial organoids established through a mimetic condition which
appeared like liver organoids (Lancaster MA et al. 2019), and (Kessler M et al. 2015)
described a method, which contained many similar steps compared to production of
gastric organoid to generate fallopian tube organoids (Barker N et al. 2010). The similar
experience also happened in our study. Employing the same methods and culture medium,
which were published for production of urothelial carcinoma organoids, we were capable
to maintain breast cancer organoids which appeared very closely related to the 3D
constructs described originally (Gudjonsson T et al. 2002; Linnemann JR et al. 2015).
The reasons for this finding might be that the cultures media applied are not highly

selective for unique organ. Or the molecular subtypes between bladder and breast cancer
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cells share some similarities with respect to nutritial need and expression of biomarkers,
such as basal (cytokeratin 5) and luminal (cytokeratin 20) subtypes. These two types of
tumors might be similar in some aspects on the molecular level (Damrauer JS et al. 2014;

Perou CM et al. 2000; Choi W et al. 2014).

In our research, each organoid expressed urothelial marker AE1/AE3, cytokeratin 5
(basal) and cytokeratin 20 (luminal), the potential therapeutic target FGFR3 (van Rhijn
BW et al. 2014), and the immune modulatory molecules CD276 and CD44, respectively.
In addition, expression of the mesenchymal antigen vimentin was observed in organoids
in vitro. Organoids were highly recapitulating the features of tumors in vitro.
Interestingly, in BCO#147 (in the research by Nizar Lipke), the expression of luminal CK
20 was recorded only in an individual organoid, but the others organoids which were close
to it did not express any marker protein. This indicated distinct differentiation or
maturation of cells in individual organoids. In addition, the results of qRT-PCR presented
an interesting difference in expression of checkpoint antigen CD276 and immune
modulatory CD44 between organoids and cells. We can say organoid lines always
maintain the independent features, which were different from our predictions. These
reasons might be because of organoids always contains highly cellular plasticity and

tumor heterogeneity (Lee SH et al. 2018); Choi W et al. 2014) in vitro environment.

4.2 Drug responses

To investigate the drug response in organoids, we divided our cytotoxicity assay in 3 study
arms: 1) A WST-assay (absorbance) was used to detected cell viabilities of benign
urothelial cells and tumor cell lines towards Cisplatin, Venetoclax and S63845 after 4
days of incubation in adherent 2D cultures. 2) CellTiter Glo 2.0-assays (luminescence)
were performed to evaluate the cell viabilities of benign urothelial cells, tumor cell lines

and patient derived tumor cells towards to Cisplatin, Venetoclax and S63845 after 3 days
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of incubation in adherent 2D cultures. 3) CellTiter Glo 3D-assays (luminescence) were
performed to evaluate the cell viabilities of organoid lines towards to Cisplatin,
Venetoclax and S63845 after 3 days of incubation of organoids. The well-established
absorbance-assay (WST) was used primarily as a reference to establish the novel
luminescence-assay (CellTiter Glo 2.0) system in 2-dimonsional (2D) cell cultures system
in our laboratory. The cell viabilities in 2D cell cultures were then used to as the reference
for 3D organoids. To better understand and compare the effects of different drugs in 2D
cell cultures versus 3D organoids, we chose the value of IC50s and the time point day 3

to evaluate drug response.

After testing, 2D and 3D systems revealed corresponding results in the two different
absorbance- and luminescence-assays, and IC50s in 2D cells were confirmed in a fair
range when compared to previously published data
(https://www.cancerrxgene.org/celllines). These results showed in independent tests a
correlation to each other. Therefore, the novel 2D GloMax assay was considered a robust
method. However, in 2D cell cultures system, the luminescence-assay showed higher
sensitivity than the absorbance-assay, because in luminescence-assay demonstrated
unambiguously different IC50s of Cisplatin between benign urothelial and tumor cells
but presented almost close value when compared by the absorbance-assay (Table 9). In
addition, luminescence-assay might be more stable to evaluate the drug response than
absorbance-assay according to the range of IC50s between benign and tumor cells
towards to Venetoclax and S63845. We therefore recommend the luminescence-assay as

the priority test to detect the IC50s of novel drugs rather than absorbance-assay.

When we compared benign urothelial and tumor cells in the luminescence-assay, benign
urothelial cells showed higher sensitivities to Venetoclax and S63845 compared to
Cisplatin, RT4 cell lines showed lower sensitivity to Cisplatin, specifically with

significantly different towards S63845. In other words, the RT4 cell-line was sensitive to
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the BCL-2 inhibitor (VTX) but resistant to MCL-1 inhibitor (S63). This may be because
the RT4 cell-line is BCL-2-dependent, and only BCL-2-dependent cells can be targeted
by Venetoclax (Villalobos-Ortiz M et al. 2020). In the bladder cancer line HT1197,

Cisplatin presented similar effects as the two other compounds (Table 9).

Comparably, in our study the IC50s of the three samples of patient-derived 3D organoids
and autologous 2D cell cultures demonstrated individual responses in drug testing. In
BCO#56, an organoid with upper tract urothelial carcinoma origin, both the 3D and
corresponding 2D cultures were significantly more sensitive towards Venetoclax and
S63845 when compared to cisplatin sensitivities. Interestingly, 2D cells of BCO#56
presented clearly significantly more sensitive to Venetoclax (BCL-2 inhibitor) but were
resistant to S63845 (MCL-1 inhibitor). However, the corresponding organoids showed
very similar effects with Venetoclax and S63845. This indicated that organoid analyses
might be a new way to evaluate the effect of these drugs, that are currently not used to
treat urothelial cancer. In BCO#140, Cisplatin generated higher sensitivities than
Venetoclax and S63845 in 2D and 3D system. But they showed almost the same IC50s of
Venetoclax and S63845 between organoids and corresponding cells. In BCO#147,
Cisplatin, Venetoclax and S63845 testing of organoids yielded lower sensitivity than the
autologous 2D cells. Interestingly, BCO#147 organoids were significantly more inert than
the corresponding 2D cell cultures system towards Venetoclax and S63845. It seems that
in BCO#147 mitochondria- mediated apoptotic pathways respond to these components
only in 2D systems, but not in 3D organoids. Molecular analyses exploring these

differences must await future experiments.

The sensitivity of BC and UTUC towards Cisplatin, Venetoclax and S63845 differed
substantially, depending on whether it was assessed in conventional 2D cell culture or
novel 3D organoids. Further research is needed to determine if conventional 2D cell

cultures or newer 3D organoids are the more reliable method for assessing cytotoxicity in
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vitro. Until then, results from both methods should considered and included in pre-clinical
studies, unless one method is consistent with results from the other method. In addition,
due to the fact that in vitro data include not all effects when compared to in vivo responses,
more pre-clinical research could be performed and correlated with the response of

individual patients in the future.
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5 Summary

5.1 Summary in English

Cancer is a major health problem around the world. Among all cancer cases, urothelial
carcinomas (UCs) were the 6™ most common cancer in the records in 2021 in developed
countries, and the prognosis of UCs is still in a poor situation. Therefore, we need a model
which can better recapitulate the disease to improve this situation, rather than only focus
on conventional cell-lines or animal models. In past several decades, more and more in
vitro disease models have been explored. In this context, the 3-dimentional (3D) organoid
culture system is highlighted as a novel key technology in cancer research. Organoids
offer a way to explore in vitro the interplay of the tumor and its microenvironment under
conditions much closer to the in vivo situation than conventional 2D cell cultures. In this
study, we generated a method to establish patient-derived organoid model of the UCs
(UTUCs and BC) and characterized them by antibodies AEI/AE3, and against CK 5, CK
8, CK 20, FGFR3 and vimentin. In addition, to test the drug response of this 3D organoid
model, a cytotoxicity assay was performed in 3D organoids and autologous conventional
2D cells towards Cisplatin, Venetoclax and S63845. We report significant differences in
cytotoxicity results between 2D versus 3D cultures. The limitations of this study include
the low number of individual patient samples and the lack of assays in very early-stage
organoids in comparison to later stage cultures. We conclude that further research is
needed to determine if conventional 2D cell culture or newer 3D organoids are the more

reliable method for assessing cytotoxicity in vitro.
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5.2 Zusammenfassung

Krebs ist weltweit ein grofles Gesundheitsproblem. Unter allen Krebsfillen waren
Urothelkarzinome (UCs) im Jahr 2021 die sechsthdufigste Krebserkrankung in den
Aufzeichnungen und die Prognose von UCs ist immer noch schlecht. Daher brauchen wir
ein Modell, das der Krankheit besser entspricht, um diese Situation zu verbessern, anstatt
sich nur auf konventionelle Zelllinien oder Tiermodelle zu konzentrieren. In den letzten
Jahrzehnten wurden immer mehr in-vitro-Krankheitsmodelle erforscht. In diesem
Zusammenhang wird das 3-dimensionale (3D) organoide Kultursystem als neuartige
Schliisseltechnologie in der Krebsforschung hervorgehoben. Organoide bieten eine
Moglichkeit, das Zusammenspiel des Tumors und seiner Mikroumgebung in vitro unter
Bedingungen zu untersuchen, die der in vivo-Situation viel ndherkommen als
herkdmmliche 2D-Zellkulturen. In dieser Studie entwickelten wir eine Methode zur
Etablierung von Patienten abgeleiteten Organoidmodellen der UCs aus dem oberen
Harntrakt (UTUCSs) und aus der Blase (BC) und charakterisierten sie durch Antikérper
AEI/AE3 und die gegen CKS5, CK8, CK20, FGFR3 und Vimentin. Um die
Arzneimittelantwort dieses 3D-Organoidmodells zu testen, wurde ein Zytotoxizititsassay
in 3D-Organoiden im Vergleich zu konventionellen 2D-Zellen desselben Patienten
gegeniiber Cisplatin, Venetoclax und S63845 durchgefiihrt. Wir berichten iiber
signifikante Unterschiede in den Zytotoxizitdtsergebnissen zwischen 2D- und 3D-
Kulturen. Zu den Einschrinkungen dieser Studie zéhlen die geringe Anzahl individueller
Patientenproben und das Fehlen von Assays von Organoiden in sehr frithen Stadien im
Vergleich zu Kulturen in spiteren Stadien. Wir schliefen daraus, dass weitere Forschung
erforderlich ist, um festzustellen, ob konventionelle 2D-Zellkulturen oder neuere 3D-

Organoide die zuverldssigere Methode zur Bewertung der Zytotoxizitét in vitro sind.
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