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Summary

Background: Current in vitro model systems do not fully reflect the biological and clinical diver-
sity of prostate cancer (PCa). Organoids are 3D in vitro cell cultures that may better recapitulate
disease heterogeneity and retain parental tumor characteristics. Short-term ex vivo culture of
PCa tissues may also facilitate drug testing in personalized medicine. Materials and methods:
For organoid culture, we have processed both cancer and normal tissues from 50 patients who
underwent radical prostatectomy or transurethral resection of the prostate. In addition, we
exploited the ex vivo tissue culture technique and performed short-term chemotherapy assay
using gemcitabine and Chk1 inhibitor MU380 in 10 patient samples. Results: In total, we were
able to cultivate organoids from 58% of tumors (29/50) and 69% of normal tissue (20/29). Im-
munohistochemical staining of two representative cases revealed cell positivity for pan-cyto-
keratin confirming the presence of epithelial cells. However, the overexpression of AMACR and
ERG proteins in tumors was not recapitulated in organoids. Another limitation was the propa-
gation of organoids only up to 3 weeks till the first passage. Next, a short-term drug test was
performed for ten patients using ex vivo tissue culture. Samples from prostatectomies mostly
presented a low proliferation rate as assessed by Ki-67 staining. Another drawback of this ap-
proach was inconsistent tissue morphology among particular tissue fragments. Only one case
showed a high proliferation rate for drug testing and tumor tissue was present in all tested
samples. In our work, we also provide an overview of recent studies and a detailed comparison
of culture conditions. Conclusion: We have established cultures of both organoids and tissue
fragments from PCa patient samples. However, the expression of tumor markers was not reca-
pitulated in organoids. Inconsistent morphology among tissue fragments and low proliferation
hampered the interpretation of the drug testing in most cases. Still, these approaches may be
promising using tissues from metastatic castration-resistant prostate cancer.
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ADVANTAGES AND LIMITATIONS OF 3D ORGANOIDS AND EX VIVO TUMOR TISSUE CULTURE

Souhrn

Vychodiska: Soucasné in vitro modelové systémy plné neodrézeji biologickou a klinickou diverzitu karcinomu prostaty (prostate cancer — PCa). Or-
ganoidy jsou 3D in vitro bunécné kultury, které mohou lépe rekapitulovat heterogenitu onemocnéni a zachovat vlastnosti pavodniho nadoru. Krét-
kodobd ex vivo kultivace PCa tkdni mize také usnadnit testovani Ié¢iv v personalizované mediciné. Materidl a metody: Pro organoidni kultivaci jsme
zpracovali jak nadorovou, tak normalni tkan od 50 pacient(, ktefi podstoupili radikalni prostatektomii nebo transuretralni resekci prostaty. Kromé
toho jsme vyuzili techniku ex vivo tkdnové kultivace a provedli krdtkodoby experiment s pouzitim gemcitabinu a inhibitoru Chk1 MU380 ve vzorcich
od 10 pacient(. Vysledky: Celkem jsme byli schopni kultivovat organoidy z 58 % nadorovych (29/50) a 69 % normalnich tkani (20/29). Imunohisto-
chemické barveni dvou reprezentativnich pfipad( odhalilo bunécnou pozitivitu na pan-cytokeratin potvrzujici pfitomnost epitelidlnich bunék. Nad-
mérna exprese proteinll AMACR a ERG v nadorech viak nebyla zachovana v organoidech. Dalsim omezenim bylo udrzeni organoidt pouze do prvni
paséze, obvykle po dobu 3 tydnt. Dale byly provedeny kratkodobé testy v ex vivo kultufe nddorovych tkani od deseti pacient(. Tkarové vzorky
z prostatektomii vétsinou vykazovaly nizkou miru proliferace a Ki-67 pozitivity. Dalsi nevyhodou tohoto pfistupu byla nekonzistentni morfologie
mezi jednotlivymi tkanovymi fragmenty. Pouze jeden pfipad vykazoval vysokou miru proliferace pro testovani lé¢iv a nddorova tkan byla pfitomna
ve viech testovanych vzorcich. V nasi praci také poskytujeme piehled nedavnych studii a podrobné srovnani kultivacnich podminek. Zdveér: Podafilo
se ndm ustavit kultury organoidd i fragmentt tkéni z primarnich nadord prostaty. Exprese nadorovych marker( vsak nebyla zachovéna v ziskanych
organoidech. Nekonzistentni morfologie a nizka proliferace ztézovaly interpretaci vysledkd testovani 1é¢iv u vétsiny piipadd. Presto mohou byt tyto
pfistupy slibné pfi pouziti tkdni z metastatického kastracné rezistentniho karcinomu prostaty.

Kli¢cova slova

organoidy - tkédnova kultivace ex vivo — personalizovana medicina — karcinom prostaty

Introduction

Prostate cancer is the second most fre-
quent cancer as well as the second lead-
ing cause of cancer-related deaths in
men in Western countries [1]. This malig-
nancy develops as androgen-dependent
and initially responds to androgen dep-
rivation therapies; however, it ultimately
progresses to incurable castration-resis-
tant stage accompanied with metastatic
dissemination to the bones, lung, brain,
or liver. Personalized medicine may help
in the next therapy selection for these
patients with progressive disease. The
application of next generation sequenc-
ing and armamentarium of new treat-
ment options for castration resistant
prostate cancer (CRPC) patients have re-
cently been reviewed [2,3]. Importantly,
therapy decision making may also be fa-
cilitated by ex vivo drug testing.

Suitable models for this purpose may
be self-organized three-dimensional or-
ganoid cell cultures that should largely
recapitulate heterogeneous composition
of original tumor and preserve gene mu-
tation landscape associated with the can-
cer development [4-7]. Clevers et al were
the first who established cell culture of
genetically stable prostate organoids de-
rived from luminal and basal adult stem
cells [8,9]. Importantly, they introduced
necessary factors promoting mitosis, Wnt
pathway activation, and bone morphoge-
netic protein (BMP) pathway inhibition,
that ensured the growth of stem cells [4].

The ability to grow organoids with high
efficiency from healthy adult human
stem cells paved the way for the estab-
lishment of organoids from patient-de-
rived tumor tissue [10]. So far, it has been
shown that organoid cultures keep muta-
tional patterns during long-term cultiva-
tion without genetic alterations in several
cancer types such as colon, esophagus,
pancreas, stomach, liver, endometrium,
and breast [4,11-20]. Similar results were
achieved using metastatic colon and
breast bioptic samples [6,10,20]. This cell
culture approach has also been tested for
PCa in several studies [21-24]. Another
approach for personalized drug screen-
ing is represented by short-term ex vivo
tissue culture. This model retains origi-
nal tissue architecture but enables only
short-term drug testing. It has been pre-
viously utilized for multiple tumor types
including prostate, bladder, breast, colon,
or gastric cancer [25-30].

Taken together, both organoids and
ex vivo tissue cultures can serve as clin-
ically relevant tools for improved ther-
apy decision making for patients with
advanced prostate cancer (Fig. 1). This
study aimed to establish organoid and
ex vivo tissue culture models and deter-
mine their advantages and limitations.

Methods

Patient selection and tissue collection
The study was approved by the Ethical
Committee of the University Hospital

Olomouc (Ref. No. 127/14) and all exper-
imental procedures were done in com-
pliance with the Declaration of Helsinki,
as well as with the law of the Czech Re-
public. All human samples were ob-
tained at the Department of Urology of
the University Hospital (Olomouc, Czech
Republic), based on informed consent
signed by all patients involved in the
study. The patient’s cohort consists of
patients who have undergone radical
prostatectomy or TURP (transurethral
resection of the prostate) in the years
2017-2020. Tumor and benign samples
were chosen by the skilled pathologists
(GK, DK, and M.M.).

Establishment and cultivation

of organoids or spheroids

Tissue specimens were placed into a ster-
ile Petri dish, washed three times with
1x phosphate buffer solution (PBS),
and minced into small pieces. Three ap-
proaches were used for tissue digestion.
First, the tissue was dissociated by Col-
lagenase I-A (2.5mg/mL, Sigma-Aldrich,
St. Louis, USA) for 2 hours. Second, the tis-
sue was dissociated by Collagenase Type |
(125 units/ml, Worthington Biochemical
Corp., Lakewood, USA) overnight and addi-
tionally retrieved by Tryple (Sigma-Aldrich,
St. Louis, USA) for 15 min. Third, the sub-
set of tissue samples was dissociated by
Tumor Cell Isolation Kit and gentleMACS
Dissociator (Miltenyi Biotec, Germany) ac-
cording to the manufacturer’s protocol.
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Fig. 1. Brief overview of tissue processing for organoid and ex vivo slice culture. Further details are available in Methods and Results
sections.
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Tab. 1. Culture conditions for prostate cancer organoids and spheroids.
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[37] F-medium + + - + - - + - - 4+ 4+ - - - - - - - + 4+ - + -
[31] ADMEM/F12 + - - - 4+ - + + + - - + + + + o+ - - + + -
[32] ADMEM/F12 + - - - - - + + + - - + - -+ - - + 4+ -
[22] DMEM/F-12 - - - 4+ - + - 4+ - - - - - 4+ - - - - - - - 4 +
[23] KSFM 1=t 0Pttt r0rrrrore
A83-01 - inbibitor of transforming growth factor, ADMEM/F-12 - advanced Dulbecco’s modified eagle medium F-12, BSA - bovine
serum albumin, DMEM/F-12 - Dulbecco’s modified eagle medium F-12, EGF - epithelial growth factor, FBS - fetal bovine serum,
FGF2 - fibroblast growth factor 2, FGF10 - fibroblast growth factor 10, KSFM - keratinocyte serum-free medium, SB 202 190 - inhi-
bitor of p38, Y-27632 - ROCK inhibitor

- /

The single-cell suspension (50 thou-  Waltham, USA), 1% antibiotics and en- 1 nM R1881 (Organon, Wien, Austria),
sand) was seeded into the drop of riched with 1x B27 supplement (Ther- 1.25 mM N-acetylcysteine (Sigma-Al-
Matrigel (Corning; USA) in a Nunc 4-well  moFisher, Waltham, USA), 5 ng/ml EGF  drich, St. Louis, USA), 10 uM ROCK- in-
dish IVF (Thermo Scientific, USA) or in  (ThermoFisher, Waltham, USA), 5 ng/mL  hibitor Y-27632 dihydrochloride (Tab. 1).
a 24-well low-attachment plate (Corning;  FGF2 (Peprotech, London, UK), 10 ng/mL  Importantly, the medium was also sup-
USA). The main subset of samples was  FGF10 (Peprotech, London, UK), 10 mM  plemented either with 0.5 pg/mL re-
cultured according to [31]. Advanced nicotinamide (Sigma-Aldrich, St. Louis, combinant R-spondin 1 and 0.1 pg/mL
DMEM/ F-12 medium (ThermoFisher,  USA), 500 nM A83-01 (Tocris Bioscience,  noggin (both Peprotech, London, UK)
Waltham, USA) was supplemented with  Bristol, UK), 10 uM SB 202 190 (Sigma-Al-  or with respective conditioned media
1x Glutamax (ThermoFisher, Waltham,  drich, St. Louis, USA), 1 uM prostaglan-  (see below and Suppl. Tab. 1). A subset
USA), 10 mM HEPES (ThermoFisher, din E2 (Tocris Bioscience, Bristol, UK),  of samples was simultaneously cultured
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Fig. 2. Immunohistochemical analysis of organoids and primary patient tissue. Staining of pan-CK, CK18, CK19, p63, AR, ERG, and
AMACR from case pT3a with a Gleason score 9 without metastasis in lymph nodes (patient no. 1 595). Magnification 200X, scale bar 50 um.
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in a modified medium without nicotina-
mide and inhibitor of p38 (SB 202 190)
(Suppl.Tab. 1) [32]. We have also adopted
spheroid and organoid culture [22]. For
a total volume of 100 mL, this StemPro
medium was composed of 89.8 mL Gibco
GlutaMAX DMEM/F-12 (ThermoFisher,
Waltham, USA), 7.2 mL 25% BSA (Ther-
moFisher, Waltham, USA), 182 pL 2-Mer-
captoethanol (ThermoFisher, Waltham,
USA), 2mL StemPro hESC Supplement
(ThermoFisher, Waltham, USA), TmL
penicillin/streptomycin (Sigma-Aldrich,
St. Louis, USA), 1 pyL 10 uM R1881 (Or-
ganon, Wien, Austria), 40 uL FGF-b
(20 pg/mL; ThermoFisher, Waltham,
USA),and 17.48 uL 50 mMY-27632 (Santa
Cruz Biotechnology, USA). The orga-
noids in Matrigel were passaged via trit-
uration and dissociation using Dispase
(Thermo Fisher, Waltham, MA, USA).
Cell suspensions from the organoids
or spheroids were further dissociated
by Liberase (Roche, Basel, Switzerland)
or Tryple (Sigma-Aldrich, St. Louis, MO,
USA) [33].

R-spondin 1 and noggin

conditioned medium

The HEK 293-T cells producing R-spon-
din 1 and noggin were cultured as pre-
viously described [21]. The cells pro-
duced R-spondin 1 and noggin for
7 days in serum-free ADMEM (Ad-
vanced Dulbecco’s modified eagle me-
dium; Sigma-Aldrich, St. Louis, MO, USA)
supplemented with HEPES and Glu-
tamax. The activity of the conditioned
R-spondin 1 was confirmed by the in-
crease of luciferase signal using Super-
TopFlash (STF) 293T cells. Twenty per-
cent of conditioned R-spondin 1 media
in the complete medium was equal
to 0.5 pg/mL recombinant R-spon-
din 1 (Peprotech) (Suppl. Fig. 1). The ac-
tivity of the noggin conditioned me-
dium was confirmed by the decrease
of luciferase signal after the addition of
0.1 pg/mL BMP4 to BMP reporter cell
line, BRITER (BMP Responsive Immortal-
ized Reporter cell line; purchased from
Kerafast, USA) [34]. Twenty percent of
conditioned noggin in the complete
medium corresponded to the activity of
0.1 pg/mL recombinant noggin (Pepro-
tech) (Suppl. Fig. 2).

Paraffin-embedding of

organoids and spheroids and
immunohistochemistry

The pellet of spheroids was resuspended
in the mixture of 225 pL plasma (blood
was collected in sodium citrate vacuum
tubes from volunteers, spun 5 min at
30009, and the supernatant was frozen
in aliquots) with 5.65 pL of 1 M calcium
chloride. A clot was formed by adding
22.5 pL thrombin (120 NIHU/mL, Sigma
Aldrich, St. Louis, MO, USA) and trans-
ferred with a pipette tip into Tissue-Tek
Paraform Sectionable Cassette for small
samples (Sakura, The Netherlands). The
organoids in Matrigel were directly
placed into the same cassette using an
iron spoon. Formalin-fixation and paraf-
fin-embedding (FFPE) were performed
according to standard protocol. FFPE or-
ganoids, spheroids, and tissue samples
were immunostained with appropriate
antibodies according to the standard
manual or automatic protocols (Suppl.
Tab. 2).

Human prostate cancer tissue culture
We have adopted the Knudsen pro-
tocol for short-term ex vivo tissue cul-
ture [25,27]. Briefly, fresh tissue was ob-
tained from a pathologist immediately
following radical prostatectomy. Under
a laminar flow hood, the tissue was
placed into the lid of a 10-cm plate and
dissected into 1-mm? pieces with a scal-
pel. The pieces of tissue were placed in
24-well plates on sponges (Spongostan
dental, Johnson & Johnson), which were
soaked in 500 pL media (DMEM/F12 sup-
plemented with 5% heat-inactivated
fetal bovine serum (FBS), hydrocorti-
sone, insulin from bovine pancreas, and
100 units/mL penicillin-streptomycin)
and appropriate treatment at time 0 (ve-
hicle or 500 nM gemcitabine, purchased
from Carbosynth Ltd, Compton, UK).
The plates were placed in an incubator
at 37 °Cand 5% CO,. The treatment with
4 uM MU380 was performed 24 hours
later, and the tissues were harvested at
a time point of 48 hours [35,36]. The ex-
perimental design was the same as in
our previous in vitro and animal exper-
iments [35]. From each treatment, two
pieces were frozen and one was fixed in
4% formalin. The formalin-fixed and par-

affin-embedded blocks were cut with
a microtome and the slides underwent
standard hematoxylin and eosin stain-
ing. The samples with cancer cells pre-
sent in all experimental conditions were
immunohistochemically stained for
Ki67 and yH2AX.

Results

Establishment of 3D organoids from
tumor and normal tissues

We have processed normal and cancer
tissue from 50 patients who underwent
either radical prostatectomy or transure-
thral resection of the prostate (TURP).
Their median age was 65 (range 46-85)
years and the median Gleason score was
7 (range 7-10) (Suppl. Tab. 1). Several
prostate organoid culture conditions
have so far been used [21-23,32,37].
The overview of various growth fac-
tors is summarized in Tab. 1. We have
adopted the protocol by Drost et al, with
higher efficiency of organoid growth
in the presence of recombinant nog-
gin (77% of both tumor and non-tumor
samples) in comparison to the noggin-
conditioned media (33% and 41% of the
tumor and non-tumor samples, respec-
tively; Suppl. Tab. 1) [21,31]. Two repre-
sentative cases are shown in Fig. 2 and
Suppl. Fig. 3. The activity of conditioned
media for both noggin and R-spondin 1
was determined by luciferase assays
(Suppl. Fig. 1 and 2). To achieve better
organoid growth, we modified this me-
dium, with exclusion of nicotinamide
and inhibitor of p38 (SB 202 190) [32]. We
observed significant increase in growth
in the modified medium which was
documented by a larger radius of orga-
noids (Suppl. Fig. 4A). On the other hand,
none of the above-mentioned modifica-
tions ensured the growth of tumor cells
(Suppl. Fig. 4B) and long-term organoid
culture. We have also adopted a protocol
by Linxweiler et al for spheroid and orga-
noid cultures [22]. The success rate was
comparable with previous culture condi-
tions being 50% (4/8) and 77% (7/9) for
spheroid and organoid cultures, respec-
tively. In total, we were able to cultivate
organoids from 58% of tumors (29/50)
and from 69% of normal tissue (20/29).
We did not observe any association be-
tween Gleason score and organoid for-

Klin Onkol 2022; 35(6): 473-481
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GEM

GEM + MU380

=8

Fig. 3. Short-term tissue culture for drug testing. Fresh tissues were obtained from a pathologist imnmediately after radical prostatec-
tomy. Pieces of 1-mm? tissue were placed in 24-well plates on sponges, which were soaked in 500 pL media and appropriate treatment
at time 0 (vehicle or gemcitabine). Treatment with MU380 was performed 24 hours later and the tissues were harvested at a time point
of 48 hours. Arrows indicate cancer areas. Scale bar 50 uM.

mation. The samples with no significant
increase in size 7 days after seeding were
considered as non-proliferative. The av-
erage length of cultivation was 21 days;
however, we were not successful in
subsequent passaging and long-term
cultivation.

Immunohistochemical analysis of
prostate organoids

Two representative cases (no. 1595 and
1558) were selected for the compara-
tive analysis of selected proteins in or-

ganoids and primary patient tissue
(Fig. 2 and Suppl. Fig. 3). Their patho-
logical stage was pT3a and pT2b with
the Gleason score 9 and 7, respectively,
both without metastasis in the lymph
nodes. Whole organoid immunohisto-
chemical staining of two representa-
tive cases revealed positivity for pan-
cytokeratin confirming the presence of
epithelial cells. Both cases were partially
positive for the androgen receptor and
p63 protein. The fraction of cells from
the first case (Fig. 2) was positive for lu-

minal marker, cytokeratin 18, while the
other case (Suppl. Fig. 3) was positive
for cytokeratin 19, a marker of interme-
diate cells. However, overexpression of
AMACR and ERG proteins was not reca-
pitulated in tumor organoids.

Short-term drug testing in ex vivo
tissue culture.

Despite intensive efforts in different lab-
oratories, the efficiency of PCa organoid
culture is low [21,22,24]. An alternative
approach for personalized medicine is
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Tab. 2. Advantages and disadvantages of organoids and tissue culture in personalized medicine.

Culture Advantages

potential long-term culture

. and repeatinng drug-testing
organoids . ) )
potential expansion of tiny

culture of intact tissue

tissues

results available within a week

Disadvantages

low efficiency of establishment of tumor
organoids from prostatectomies

tumor samples and biobanking

non-uniform composition of tissue pieces
only one short treatment

low rate of proliferation in primary
prostate cancer

Improvements

better conditions for long-term
tumor organoid culture

metastatic samples from patients with
castration resistant prostate cancer

vibratom slicing after cryosection
check

metastatic samples from patients with
castration resistant prostate cancer

short-term tissue fragment culture. We
have adopted the Knudsen protocol for
small tissue pieces on a sponge for the
testing of a Chk1 inhibitor in combina-
tion with gemcitabine [25,27,35,36]. Ten
prostatectomy samples were processed
(Suppl. Tab. 3); however, most cases dis-
played either low proliferation rate or
missing cancer cells in selected tissue
pieces. Only one experiment provided
reasonable results with cancer cells in all
tissues tested. The combined treatment
of Chk1 inhibitor and gemcitabine in-
hibited proliferation and induced sub-
stantial DNA damage, as assessed by
Ki67 and yH2AX staining, respectively
(Fig. 3). The observed advantages and
limitations of organoid and tissue cul-
ture are summarized in Tab. 2.

Discussion

Our goal was to establish conditions
for the cultivation of primary PCa sam-
ples that can pave the way for the anal-
ysis of biopsies from castration-resistant
patients, allowing them to potentially
benefit from drug screening. Cancer cell
lines derived from primary patient ma-
terial have contributed tremendously to
cancer research, however, they have sev-
eral drawbacks. For example, their gen-
eration from primary patient material is
inefficient and involves selection to in
vitro 2D culture conditions. Furthermore,
only rare clones are able to expand and
no longer recapitulate the heterogene-
ity of the original tumors [10]. Patient-
derived xenografts (PDX) are considered
as a gold-standard for cancer research
and preclinical drug testing; however,

this approach is expensive and time con-
suming, and PDXs may undergo mouse-
specific tumor evolution [10,38,39]. Or-
ganoids and ex vivo tissue culture have
been proposed as suitable alternative
models.

Since the culture conditions for pros-
tate tumor organoids are not strictly de-
fined, we have summarized the work
published so far in Tab. 1. By adopting
the protocol by Drost et al, we were able
to cultivate 77% of both tumor and non-
tumor samples in our laboratory con-
ditions [31]. The organoids grew more
efficiently in the presence of recombi-
nant noggin in comparison to the con-
ditioned medium. These culture condi-
tions supported the growth of epithelial
cells; nevertheless, we were unable to
confirm the growth of tumor cells with
AMACR or ERG overexpression in two
representative cases. Other researchers
have also been unable to establish pri-
mary tumor organoids, as less aggres-
sive specimens are prone to overgrowth
from normal prostate epithelium in bio-
psy samples [21,40]. Another disadvan-
tage was the length of cultivation, which
did not last longer than 3 weeks, until
the first passage. Therefore, we have
tested further modifications of the pro-
tocol. Recent work suggested leaving
out p38 inhibitor SB202190 and nicoti-
namide from the medium [32]. We had
indeed observed larger organoids using
this modification; however, neither
AMACR- nor ERG-positive tumor cells
were detected. Linxweiler et al reported
spheroid culture from organ-confined
PCa, including short-term drug test-

ing [22]. However, we have not observed
improved growth of neither spheroids
nor organoids in the reported medium.
One of the reasons may be limited ma-
terial amount used as an input and the
presence of non-tumor cells.

Comprehensive analysis of organoids
from 81 clinical specimens cultured in
the presence of R-spondin 1 and nog-
gin has been published recently [24].
Despite initial success in the tumor or-
ganoid establishment, all were progres-
sively overgrown by normal cells and
gained a benign-like phenotype. Authors
performed IHC analysis of ERG and PTEN
at early time points (up to 30 days). No-
tably, none of the four organoid cultures
derived from samples with ERG overex-
pression and PTEN positivity exhibited
positivity for ERG. The authors also pro-
cessed nine metastatic samples and es-
tablished one novel organoid model
derived from hormone-naive lung me-
tastasis. A recent study pointed out the
essential role of stromal paracrine sig-
naling on organoid growth and pheno-
type [23]. Co-cultivation with patient-
derived stromal cells caused increased
branching and budding of prostate ep-
ithelial organoids, that greatly mimicked
the normal in vivo acinar structure. Im-
portantly, the organoids derived from
areas of PCa maintained expression of
AMACR and showed increased viability.
Stromal cells expressed a plethora of fac-
tors, which were not observed in non-
prostatic feeder fibroblasts.

Another approach for short-term
drug screening is the whole tissue cul-
ture, which maintains all components

Klin Onkol 2022; 35(6): 473-481
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of the tumor microenvironment. The
tumor cells in this model system exhib-
ited de novo proliferative capacity that
can be used to predict therapeutic re-
sponse and identify novel targets in ad-
vanced disease [27]. We have adopted
a protocol for small tissue pieces on
a sponge [25,27] for testing of a Chk1 in-
hibitor in combination with gemcit-
abine. We showed that treatment of
tumor tissue with the combination of
both drugs results in decreased prolifer-
ation and induction of DNA damage, as
assessed by Ki67 and yH2AX staining, re-
spectively. These results are in line with
in vitro and in vivo experiments in our
previous study [36]. On the other hand,
most of the cases displayed either low
proliferation rate or missing cancer cells
in selected tissue pieces. This could be
improved by the preparation of consec-
utive sections using vibratome, a device
invented for cutting fresh tissues. Low-
-rate proliferation is typical for primary
prostate tumors; however, it is expected
high in samples from CRPC patients, in
particular from metastases. Despite the
multiclonality and heterogeneity of pri-
mary cancer, clonal bottlenecks imposed
by the metastatic process and further by
therapeutic interventions seem to se-
lect for a single dominant clone in le-
thal metastatic PCa [41]. Several studies
have recently used tissue slices prepared
by vibratome for drug testing, including
enzalutamide, apalutamide, docetaxel,
gemcitabine, or olaparib [28,42,43]. This
methodology has also been used for the
analysis of tumor aggressiveness under
hypoxia conditions [44]. Tissue slicing
and ex vivo culture may also be used
for PDX which are considered as a gold-
standard for cancer research and preclin-
ical drug testing [38,39]. The faithful re-
tention of tissue structure and function
in ex vivo PDX culture offers an ideal op-
portunity for treatment efficacy screen-
ing, thereby reducing costs and num-
bers of experimental animals [39,42].

Conclusion

We have established a culture of both or-
ganoids and tissue fragments from pa-
tients with primary PCa. However, the
organoids did not fully recapitulate pri-
mary tissue characteristics and hetero-

geneity between tissue fragments ham-
pered interpretation of the drug testing.
Still, these approaches may be promis-
ing for the establishment of organoids
and ex vivo tissue fragment cultures
using tissues from metastatic castration-
-resistant PCa.
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Suppl. Tab. 1. Organoid culture conditions for radical prostatectomy and transurethral resection of the prostate specimens.

Organoid growth

Culture conditions Dissociation No. Age  Stage G N Sv SM tumor benign
collagenase I-A 1400 62 pT3 444 NO O 0 no no
collagenase I-A 1402 68 pT3 544 NI 0 1 no no
collagenase I-A 1404 64 cT4 3+4 NO O 1 no no

medium 1 collagenase I-A 1412 65 pT3b 4+3 NO 1 0 no yes
[31] collagenase I-A 1418 64 pT2¢ 3+3+4 NO O 1 no no
collagenase I-A 1421 67 pT4 4+5 NO 1 1 no no

CM for noggin and collagenase I-A 1425 62 pT4 4+5 NI 1 1 no no

R-spondin 1 collagenase I-A 1429 74 pT3 4+3 NO O 1 yes no
collagenase I-A 1436 64 pT3b 4+3 NO 1 0 no yes
collagenase I-A 1448 69 pT2c 3+4 NO O 1 yes yes
collagenase I-A 1481 69 pT3b 5+4 NI 1 0 yes yes

MACS 1486 65 pT2c 444 NO O 0 yes yes

MACS 1488 51 pT3b 544 NO 1 0 no no

MACS 1490 65 pT3a 443 NO O 0 yes yes

MACS *1515 70 pT2c nd. Nx 0 0 yes no

medium 2 MACS 1527 68 pT3a 4+5 NO 1 1 no yes

[31] collagenase I-A 1528 65 pT3b 544 NO 1 1 no no
collagenase I-A 1539 62 pT3a 3+4 NO O 0 yes yes

CM only for R-spondin 1 collagenase I-A 1542 71 pT3b 4+5 NO 1 1 yes yes
noggin (peprotech) collagenase I-A 1544 68 pT2b 4+5 NO O 0 yes yes
collagenase I-A 1549 60 pT3a 445 NO O 1 yes yes

collagenase I-A 1558 46 pT2b 3+4 NO O 1 yes yes

collagenase I-A 1658 61 pT3b 4+5 NO 1 0 yes yes

coll. I + Tryple 1678 65 pT2a 443 NO O 0 yes yes

coll. I + Tryple 1591 64 pT3b 4+5 NO 1 0 yes yes

coll. I + Tryple 1595 70 pT3a 544 NO O 0 yes yes

simultaneous culture coll. I + Tryple 1597 50 pT3a 443 NO O 1 yes yes
in medium 2 coll. I + Tryple 1600 72 pT3a 443 NO O 1 yes yes
coll. I + Tryple 1611 50 pT2b 3+4 N1 0 0 yes yes

collagenase I-A 1628 67 pT3b 3+4 NO 1 0 no no

coll. I + Tryple 1591 64 pT3b 4+5 NO 1 0 yes yes

and in medium 3 coll. I + Tryple 1595 70 pT3a 544 NO O 0 yes yes
[32] coll. I + Tryple 1597 50 pT3a 443 NO O 1 yes yes
modified medium 2 coll. I + Tryple 1600 72 pT3a 443 NO O 1 yes yes
without SB 202190 and nicotinamide  coll. I + Tryple 1611 50 pT2b 344 NI 0 0 yes yes
collagenase I-A 1628 67 pT3b 3+4  NO 1 0 no no

collagenase I-A 1930 75 pT3b 4+5 NI 1 1 yes n.d.

collagenase I-A 1933 59 pT2c 3+4 NO O 1 no n.d.

medium 4 collagenase I-A 1942 57 pT2c 443 NO O 1 no n.d.

[22] collagenase I-A 1948 59 pT3a 4+3 NO O 0 yes n.d.



Suppl. Tab. 2. Antibodies.

Antibody Clone cat. No Antigen retrieval Dilution Supplier
AE 1-3 (pan-CK) AEl a AE3 MU 071-Ul FLEX, buffer pH 9 1:200 Bio-Genex
AMACR 13H4 Z2001RL FLEX, buffer pH 9 1:500  Zeta Corporation
androgen receptor AR441 M3562 FLEX, buffer pH 9 1:25 Dako
CK18 DC10 M7010 FLEX, buffer pH 9 1:100 Dako
CK19 RCK 108 MO0888 FLEX, buffer pH 9 dil. Dako
ERG EPR3864 2805-1 MW, citrate bufferpH6 1 :400 Epitomics
Ki67 MIB-1 M7240 MW, citrate buffer pH 6 1:200 Dako
p63 DAK-p63 IR 662 FLEX, buffer pH 9 dil. Dako
yH2AX JBW301 05-636 MW, citrate buffer pH 6 1:500 Millipore

dil. — diluted and ready to use, MW — microwave



Suppl. Tab. 3. Radical prostatectomy and transurethral resection of the prostate specimen patient’s cohort

of ex vivo tissue culture.

Culture conditions No. Age N SV SM Stage
1856 62 N1 1 1 pT3b
1878 70 NO 1 0 pT3a
1882 60 NO 0 1 pT3a
1886 53 NO 0 1 pT3a
[25] 1906 65 N1 1 1 pT3b
ex vivo tissue culture 1942 57 NO 0 1 pT2c
1955 72 NO 0 1 pT3a
1959 74 N1 0 1 pT3a
1964 67 NO 0 1 pT3a
*1968 83 n.d. n.d. n.d. T3a

* This sample was obtained from a patient with clinical stage T3a by transurethral resection of the prostate,
N — lymphatic nodes, n.d. — not done, SM — surgical margins, SV — seminal vesicles



collagenase I-A 1953 61 pT3a 4+3(+5 NO O 1 yes n.d.

spheroids in low attachement plastic  collagenase I-A 1966 58 pT2c 443 NO O 1 yes n.d.
collagenase I-A  **1968 83 n.d. 4+4 nd. nd. nd no n.d.

collagenase I-A 1970 47 pT3a 3+4 NO O 0 no n.d.

collagenase I-A 1981 65 pT3a 3+4+5 NO O 1 no n.d.

collagenase I-A 1990 64 pT3b 4+4 NI 1 0 yes n.d.

collagenase I-A 1995 52 pT2c 3+4 NO O 1 yes n.d.

collagenase I-A **1993 79 n.d. 5+5 nd. nd. nd no n.d.

collagenase I-A 2002 69 pT2c 443 NO O 0 yes n.d.

medium 4 collagenase I-A 2010 73 pT3a 443 NI 0 0 no n.d.

[22] collagenase I-A 2018 63 pT3b 5+4 NI 1 0 yes n.d.
collagenase I-A  **2 021 85 n.d. 4+4 nd. nd. nd no n.d.

organoids in Matrigel collagenase I-A 2023 66 pT3a 4+3 NI 0 1 yes n.d.
collagenase I-A 2049 74 pT4 3+4 NO O 1 no n.d.

collagenase I-A 2053 70 pT3a 445 NO O 0 yes n.d.

collagenase I-A 2055 70 pT3a 3+4 NO O 0 yes n.d.

* neoadjuvant LHRH treatment, ** transurethral resection of the prostate, CM — conditioned medium, coll. — collagenase,

G — Gleason score, MACS — gentleMACS Dissociator, N — lymphatic nodes, n.d. — not done, SM — surgical margins,

SV — seminal vesicles
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Suppl. Fig. 1. The activity of R-spondin 1 conditioned media (C.M.). The activity of 0.5
pg/ml recombinant R-spondin 1 (Peprotech) corresponded to 20% conditioned media in

luciferase reporter assay using SuperTopFlash (STF) 293T cells.
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Suppl. Fig. 2. The activity of noggin conditioned media (C.M.). An increased signal after
the addition of 0.1 pg/ml BMP4 to BRITER cells (BMP Responsive Immortalized Reporter
cell line) was downregulated by the addition of 0.1 pg/ml of recombinant protein noggin
(Peprotech). Similar downregulation was obtained with 20% concentration of conditioned

media (C.M.).
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Suppl. Fig. 3. Inmunohistochemical analysis of organoids and primary patient tissue.
Staining of pan-CK, CK18, CK19, p63, AR and AMACR from case pT2b with a Gleason
score 7 without metastasis in lymph nodes (patient no. 1558). Magnification 200x, scale bar

50 pm.
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Suppl. Fig. 4. Comparison of organoid growth in medium 2 and modified medium 3.
Patient tumor sample from case pT3a with a Gleason score 9 without metastasis in lymph
nodes (patient no. 1595). A Hematoxylin-eosin staining. B Immunohistochemical staining

of AMACR and ERG. Scale bar 50 um.





