Aus dem CharitéComprehensive Cancer Center

der Medizinischen Fakulta Charité— Universitdsmedizin Berlin

DISSERTATION

Bewertung der Kombinationsbehandlung Docetaxel und JQ1
in pré&klinischen 2D- und 3D-Modellen von Prostatakrebs
Evaluation of the combination treatment docetaxel and JQ1

in 2D and 3D preclinical models of prostate cancer

zur Erlangung des akademischen Grades

Doctor medicinae (Dr. med.)

vorgelegt der Medizinischen Fakult&

Charité— Universit&asmedizin Berlin

Von

Yipeng Xu

aus Linyi, Shandong, China

Datum der Promotion: 30.11.2023.........cccccceeennnnn.



Table of Contents

Chapter | Content Page
List of Abbreviations 1
Abstract 2
1 Introduction 4
1.1 Prostate cancer 4
1.1.1 The epidemiology of PCa 4
1.1.2 Management of PCa 4
1.1.3 Drug therapy for PCa 5
1.1.3.1 | Hormonal therapy for PCa 5
1.1.3.2 | Chemotherapy for PCa 6
1.1.4 Docetaxel treatments for PCa 7
1.1.5 JQ1: a novel potential therapeutic for PCa 7
1.2 Preclinical models in anti-cancer drug screening 8
1.2.1 Preclinical models of PCa 9
1.2.2 Challenges for spheroids in drug screening 9
1.3 Aims of the research 10
2 Methodology 11
2.1 Lists 11
2.1.1 List of commercial reagents 11
2.1.2 List of kits 11
2.13 List of consumables 11
2.14 List of devices 12
2.2 Cell culture conditions and cell cryopreservation 13
2.2.1 Complete growth medium 13
2.2.2 Cell cryopreservation 14
2.3 3D cell/spheroid workflow 14
2.3.1 3D embedded cell/spheroid culture 14
2.3.1.1 3D embedded cell culture protocols 15
2.3.1.1.1 | Establishing and culturing LNCaP cells/spheroids 15
2.3.1.1.2 | Passaging LNCaP spheroids in the 24-well plates 16
232 3D floater culture 17




2.4 Exploring for a suitable FBS concentration for LNCaP spheroid culture 18

2.5 LNCaP spheroid formation and its growth kinetics in Matrigel 18

2.6 Drug testing experiments 18

2.6.1 2D drug testing experiments exposed to DMSO 18

2.6.2 2D drug testing experiments exposed to docetaxel/JQ1 19

2.6.3 3D drug testing experiments based on embedded cultured LNCaP cells(2 20
days)

2.6.4 3D drug testing experiments based on embedded cultured 21
cells/spheroids(4-21 days)

2.6.5 3D drug testing experiments based on embedded cultured spheroid 22
aliquots

2.6.6 3D drug testing experiments based on floating LNCaP spheroids 23

2.6.6.1 Exploring for suitable LNCaP cell plating numbers for spheroid 23
microplates

2.6.6.2 | 3D drug testing experiments based on different sized floating LNCaP 23
spheroids

2.7 Combination drug experiments 24

2.7.1 Diagonal method to evaluate the combinatory drug effects of docetaxel 24
and JQ1 based on 2D LNCaP cells

2.7.2 3D spheroid formation experiments 27

2.7.2.1 LNCaP spheroid formation when exposed to JQ1/docetaxel alone 27

2.7.2.2 | LNCaP spheroid formation when exposed to JQ1/docetaxel alone or 27
combination

2.7.3 Cell viability detection following JQ1/docetaxel treatment alone or 28
combination treatment

2.73.1 2D cell viability detection following JQ1/docetaxel treatment alone or 28
combination treatment

2.7.3.2 | 3D cell viability detection following JQ1/docetaxel treatment alone or 28
combination treatment

2.8 Cell viability detection by CellTiter Glo assay 28

2.8.1 CellTiter Glo assay for 2D cultured cells and spheroids in spheroid 29
microplates

2.8.2 3D embedded cell/spheroid CellTiter Glo assay 29




2.9 Statistics 29

3 Results 30

3.1 Evaluation of LNCaP cell/spheroid growth in medium with variable FBS | 30
concentrations

3.2 Formation inconsistency of LNCaP spheroids in Matrigel 31

3.2.1 Formation inconsistency of LNCaP spheroids based on major 31
diameter(dmax)

322 Formation inconsistency of LNCaP spheroids based on spheroid volume 32

323 Formation inconsistency of LNCaP spheroids based on spheroid Ig 33
volume

324 Variations in the size of LNCaP cell/spheroid distribution 34

33 Growth kinetics of 3D-embedded LNCaP cells/spheroids 35

3.3.1 Growth kinetics of 3D-embedded LNCaP cells/spheroids based on dmax 35

332 Growth kinetics of 3D-embedded LNCaP cells/spheroids based on 36
spheroid volume

333 Growth kinetics of 3D-embedded LNCaP cells/spheroids based on 36
spheroid lg volume

3.4 Evaluation of Matrigel stability according to the images under the 37
microscope

3.5 Susceptibility of LNCaP cells/spheroids exposed to docetaxel / JQI 38
treatment

3.5.1 Evaluation of the LNCaP cell viability exposed to DMSO 38

3.5.2 Susceptibility of 2D/3D LNCaP cells exposed to docetaxel / JQ1 38
treatment

3.5.2.1 Susceptibility of 2D/3D LNCaP cells exposed to docetaxel treatment 38

3.5.2.2 | Susceptibility of 2D/3D LNCaP cells exposed to JQI treatment 40

3.53 Susceptibility of embedded cultured LNCaP spheroid aliquots exposed to | 42
docetaxel treatment

354 Susceptibility of LNCaP floating spheroids exposed to docetaxel 43
treatment

3.54.1 Evaluation of floating LNCaP spheroid formation based on different cell 44

numbers while plating in spheroid microplates




3.5.4.2 | Susceptibility of floating LNCaP spheroids of variable size exposed to 44
docetaxel treatment

3.5.5 Susceptibility of embedded cultured LNCaP cells/spheroids exposed to 46
docetaxel treatment

3.5.5.1 Susceptibility of LNCaP cells culturing in Matrigel for 4 days 46

3552 Susceptibility of LNCaP spheroids culturing in Matrigel for 7 days 47

3553 Susceptibility of LNCaP spheroids culturing in Matrigel for 14 days 48

3.5.5.4 | Susceptibility of LNCaP spheroids culturing in Matrigel for 21 days 49

3.5.5.5 | Parameters of 2D and 3D drug testing experiments 50

3.6 Susceptibility of 2D / 3D LNCaP cells exposed to docetaxel/JQ1 52
combination treatment

3.6.1 Susceptibility of 2D LNCaP cells exposed to docetaxel and JQ1 53
combination treatment by the diagonal method

3.6.2 Susceptibility of 2D and 3D LNCaP cells exposed to docetaxel and JQ1 53
combination treatment

3.6.3 LNCaP spheroid formation when exposed to docetaxel and JQ1 55
combination treatment

3.6.3.1 Spheroid formation when exposed to docetaxel or JQ1 treatment alone 55

3.63.2 Spheroid formation when exposed to docetaxel and JQ1 combination 55
treatment

3.6.3.2.1 | dmax of LNCaP spheroids exposed to docetaxel and JQ1 for 14 days 56

3.6.3.2.2 | Ig volume of LNCaP spheroids exposed to docetaxel and JQ1 for 14 days | 57

4 Discussion 59

4.1 Formation inconsistency of embedded cultured LNCaP spheroids and 59
suitable parameters to describe the size of the LNCaP spheroids

4.2 Pros and cons of the drug testing protocols based on embedded culture 60
LNCaP spheroids, spheroid aliquots and floating spheroids

4.3 Relationship between docetaxel susceptibility and the size of LNCaP 61
cells and spheroids

4.4 How should the susceptibility of 3D-cultured LNCaP cells/spheroids be 61
evaluated?

4.5 JQ1 and docetaxel: a potential combination therapy for PCa 63

4.6 Conclusions 64




4.7 Outlook 64
References 65
Statutory Declaration 70
Curriculum Vitae 71
Acknowledgments 72
Certification by the statistician 73




List of Tables

Table | Titles Page

1 Varying final concentrations of docetaxel/JQ1 for 2D drug testing 20
experiments

2 Varying final concentrations of docetaxel/JQ1 for 3D drug testing 20
experiments based on embedded cultured LNCaP cells (2 days)

3 Varying final concentrations of docetaxel/JQ1 for 3D drug testing 21
experiments based on embedded cultured LNCaP cells (4-21 days)

4 Results of the normality tests for LNCaP cells/spheroids at different time 31
points (dmax)

5 Results of the normality tests for LNCaP cells/spheroids at different time 32
points (volume)

6 Results of the normality tests for LNCaP cells/spheroids at different time 33
points (lg volume)

7 Results of the normality tests for LNCaP spheroids exposed to 56
docetaxel/JQ1 for 14 days (dmax)

8 Results of the normality tests for LNCaP spheroids exposed to 57
docetaxel/JQ1 for 14 days (Ig volume)

List of Figures
Figure | Titles Page

1 The natural history of PCa and the management options in different 5
clinical states

2 The 2D/3D preclinical models of prostate cancer workflow 14

3 Protocol for establishing 3D embedded LNCaP cells/spheroids 16

4 Protocol for passaging 3D embedded LNCaP spheroids 17

5 Protocol for establishing 3D floater cultured LNCaP spheroids 17

6 Protocol for 2D drug testing experiment exposed to DMSO 19

7 Protocol for 2D drug testing experiments exposed to docetaxel/JQ1 20

8 Protocol for 3D drug testing experiments (2 days) exposed to docetaxel 21
/JQ1

9 Protocol for 3D drug testing experiments (4-21 days) exposed to docetaxel | 22

10 | Protocol for 3D drug testing experiments based on embedded cultured 23

spheroid aliquots exposed to docetaxel




11 Protocol for 3D drug testing experiments based on different sized floating 24
LNCaP spheroids exposed to docetaxel

12 Preparation of the complete growth medium with 4x docetaxel/JQ1 final 25
concentrations in 96-well clear plate

13 JQI medium addition from clear plate to the wells with combination 25
treatment in TC-treated black plate

14 Docetaxel medium addition from the clear plate to the wells with 26
combination treatment/NC in TC-treated black plate

15 Docetaxel medium addition from clear plate to the wells with docetaxel 26
alone in TC-treated black plate

16 Complete growth medium addition from clear plate to the wells with 27
docetaxel alone in TC-treated black plate

17 Representative images of LNCaP cells/spheroids cultured in varying FBS 30
concentration

18 | Histogram of dmax of LNCaP spheroids from day 2 to day 21 32

19 Histogram of the volume of LNCaP spheroids from day 2 to day 21 33

20 Histogram of 1g volume of LNCaP spheroids from day 2 to day 21 34

21 Images of LNCaP cells and spheroids on day 2 and day 21 35

22 Growth kinetics of 3D embedded LNCaP cells/spheroids (dmax) 36

23 Growth kinetics of 3D embedded LNCaP cells/spheroids (volume) 36

24 Growth kinetics of 3D embedded LNCaP cells/spheroids (Ig volume) 37

25 Representative images of Matrigel from 1 week to 3 weeks 37

26 LNCaP cell viability exposed to DMSO 38

27 Susceptibility of 2D/3D LNCaP cells exposed to docetaxel treatment 39

28 Images of drug testing experiments based on 2D/3D LNCaP cells exposed 40
to docetaxel treatment

29 Susceptibility of 2D/3D LNCaP cells exposed to JQ1 treatment 41

30 Images of drug testing experiments based on 2D/3D LNCaP cells exposed 41
to JQ1 treatment

31 Susceptibility of embedded cultured LNCaP spheroid aliquots exposed to 43
docetaxel treatment

32 Representative images of LNCaP spheroids in spheroid microplates 44




33 Susceptibility of floating LNCaP spheroids of variable sizes exposed to 45
docetaxel treatment

34 Images of drug testing experiments based on floating LNCaP spheroids of 46
variable sizes exposed to docetaxel treatment

35 Susceptibility of LNCaP cells cultured for 4 days in Matrigel to docetaxel 47
treatment

36 Susceptibility to docetaxel treatment of LNCaP spheroids cultured for 7 48
days in Matrigel

37 Susceptibility of LNCaP spheroids cultured for 14 days in Matrigel to 49
docetaxel treatment

38 Susceptibility of LNCaP spheroids cultured for 21 days in Matrigel to 50
docetaxel treatment

39 Parameters of the drug testing experiments based on 2D LNCaP cells and 51
3D embedded cultured LNCaP cells/spheroids exposed to docetaxel and
the IC50 curves with the median R-squared values

40 Images of the LNCaP cells and spheroids exposed to 64nM docetaxel 52
treatment

41 Diagonal method to evaluate whether variable concentrations of JQ1 could | 53
amplify the cell inhibition caused by docetaxel

42 Susceptibility of 2D and 3D LNCaP cells exposed to the docetaxel and JQ1 | 54
combination treatment

43 LNCaP spheroid formation when exposed to docetaxel or JQ1 treatment 55
alone

44 | Images of the median LNCaP spheroids exposed to docetaxel and JQI 55
combination treatment

45 Analyses of spheroid distribution and spheroid size exposed to docetaxel 57
or JQI alone or the combination treatment (according to dmax)

46 | Analyses of spheroid distribution and spheroid size exposed to docetaxel 58

or JQ1 alone or combination treatment (according to Ig volume)




List of Abbreviations

Abbreviations
ADT
AR

AS

BET
CRPC
dmax
dmin
mCRPC
mHSPC
mPCa
nmCRPC
(ON}

PCa
PDXs
PFS
PSA
PSA-P
RP

RT

SD

Full name

Androgen deprivation therapy

Androgen receptor

Active surveillance

Bromodomain and extra terminal domain
Castration-resistant prostate cancer

Major diameter

Minor diameter

Metastatic castration-resistant prostate cancer
Metastatic hormone-sensitive prostate cancer
Metastatic Prostate Cancer

Nonmetastatic castration-resistant prostate cancer
Overall survival

Prostate cancer

Patient-derived xenografts

Progression-free survival

Prostate specific antigen

PSA progression

Radical prostatectomy

Radiation therapy

Standard deviation




Title: Evaluation of the combination treatment docetaxel and JQ1 in 2D and 3D

preclinical models of prostate cancer

Abstract

Prostate cancer (PCa) remains the most prevalent cancer in men globally, with an increasing
burden worldwide. PCa is unique in its dependence on androgen-androgen receptor (AR)
signaling for growth and progression, and hormonal therapies have greatly improved the
survival of patients with metastatic prostate cancer (mPCa). However, almost all patients with
mPCa are resistant to hormonal treatments and ultimately succumb to metastatic castration-
resistant prostate cancer (NMCRPC), even when new hormonal agents deplete serum androgen
levels. Therefore, novel non-AR dependent therapeutic strategies should be explored. JQ1, a
potent and selective Bromodomain and extra terminal domain (BET) inhibitor, is a potentially
potent therapy for patients with mCRPC. Compared to new hormonal agents, JQ1 more potently
abrogates BRD4 localization to the AR target loci and AR-mediated gene transcription.
However, a recent study showed that JQ1 promotes PCa invasion and metastasis in a BET
protein-independent manner when PCa cell growth is inhibited. Therefore, combination
strategies with JQ1 might be more promising than JQ1 alone. This study shows that JQ1 and
docetaxel might serve as an effective combination therapy for patients with mPCa. We assessed
the combination therapy in 2D and 3D preclinical models, and we also evaluated the
susceptibility of 2D-cultured LNCaP cells and 3D-cultured LNCaP cells/spheroids exposed to
the same anti-cancer drug. In contrast to 2D LNCaP cells, the evaluation of LNCaP spheroids’
susceptibility was more complicated. The IC50 curves were not suitable for evaluating the
susceptibility to drugs. Specifically for big-sized LNCaP spheroids, a low maximum inhibition
and a low R-squared value were observed. Our results identified the different fitness of 1C50
curves for 2D and 3D preclinical models and supported a potential combination treatment
(docetaxel and JQ1) for PCa patients.



Titel: Bewertung der Kombinationsbehandlung Docetaxel und JQ1 in pr&klinischen 2D-
und 3D-Modellen von Prostatakrebs

Zusammenfassung

Prostatakrebs (PCa) ist nach wie vor die h&aufigste Krebserkrankung bei M&nern weltweit und
nimmt weltweit zunehmend zu. PCa ist einzigartig in seiner Abh&ngigkeit vom Androgen-
Androgen-Rezeptor (AR) -Signal fir Wachstum und Progression, und Hormontherapien haben
das Uberleben von Patienten mit metastasiertem Prostatakrebs (mPCa) erheblich verbessert.
Fast alle Patienten mit mPCa sind jedoch gegen hormonelle Behandlungen resistent und
erliegen letztendlich metastasiertem kastrationsresistentem Prostatakrebs (mCRPC), selbst
wenn neue hormonelle Wirkstoffe den Androgenspiegel im Serum senken. Daher sollten
neuartige nicht AR-abh&ngige Therapiestrategien untersucht werden. JQ1, ein wirksamer und
selektiver Bromodoménen- und extra terminaler (BET) Bromodom&enhemmer, ist eine
potenziell wirksame Therapie fUr Patienten mit mCRPC. Im Vergleich zu neuen hormonellen
Wirkstoffen hebt JQ1 die BRD4-Lokalisierung an den AR-Zielorten und die AR-vermittelte
Gentranskription stéker auf. Eine kirzlich durchgefihrte Studie zeigte jedoch, dass JQ1 die
PCa-Invasion und -Metastasierung auf BET-Protein-unabh&ngige Weise f&dert, wenn das
PCa-Zellwachstum gehemmt wird. Daher sind Kombinationsstrategien mit JQ1
mdglicherweise vielversprechender als JQ1 allein. Diese Studie zeigt, dass JQ1 und Docetaxel
als wirksame Kombinationstherapie fUr Patienten mit mPCa dienen k&nen. Wir bewerteten
die Kombinationstherapie in pr&linischen 2D- und 3D-Modellen und bewerteten auch die
Empfindlichkeit von 2D-kultivierten LNCaP-Zellen und 3D-kultivierten LNCaP-Zellen /
Sph&oiden, die demselben Krebsmedikament ausgesetzt waren. Im Gegensatz zu 2D-LNCaP-
Zellen war die Bewertung der Empfindlichkeit von LNCaP-Sph&oiden komplizierter. Die
IC50-Kurven waren zum Teil nicht geeignet, um die Wirksamkeit von Substanzen zu bewerten.
Insbesondere bei grof®n LNCaP-Sph&oiden beobachteten wir eine niedrige maximale
Hemmung wund niedrige R-Quadrat-Werte. Unsere Ergebnisse identifizierten die
unterschiedliche Eignung von IC50-Kurven fir pr&linische 2D- und 3D-Modelle und
unterstiizten auch eine mdyliche Kombinationsbehandlung (Docetaxel und JQ1) fUr PCa-

Patienten.



1 Introduction

1.1 Prostate cancer

Prostate cancer (PCa) is defined as malignant neoplasm originating from the prostate epithelium,
of which prostate adenocarcinoma accounts for more than 95%. PCa remains the most prevalent
cancer type in men globally, with approximately 1.6 million newly diagnosed cases and 366,000
deaths each year(Claire H. Pernar, 2018). PCa was once considered a common malignancy in
elderly males, while recent studies show that the incidence of PCa in young males is increasing
significantly(Archie Bleyer, 2020). This indicates that the global burden of prostate cancer will

become more substantial in the future.

1.1.1 The epidemiology of PCa

PCa is a significant public health problem worldwide, particularly in developed
countries(Claire H. Pernar, 2018). It is estimated that one in seven men in the USA will be
diagnosed with PCa in their lifetime(Barsouk et al., 2020). In the USA and Europe, a large peak
in PCa incidence was observed in the early 1990s, when PSA screening was initially introduced
at the population level(Rebecca L. Siegel, 2020; Barsouk et al., 2020). As one of the four
leading cancers, the incidence of PCa started to increase in 2014 again(Rebecca L. Siegel, 2020).
The reduction of PCa mortality was halted during the last decade (2008-2017), while the
mortality from the other three most common types of cancer (lung, colorectal, and breast cancer)
decreased(Rebecca L Siegel, 2020). Even in Asian countries, where the incidence had
previously been low, PCa incidence has increased significantly in recent years(Kimura and
Egawa, 2018). The economic burden associated with treatments and prostate cancer monitoring

is substantial and growing over time(Smith-Palmer et al., 2019).

1.1.2 Management of PCa

PCa is a heterogeneous disease with a long natural history. Men diagnosed with PCa today have
a wide variety of treatment options, such as active surveillance (AS), hormonal therapy, radical
prostatectomy (RP), radiation therapy (RT), and chemotherapy. For most patients with low-
risk/localized PCa and some selected patients with intermediate-risk disease, AS is the most
frequent therapy choice(Chen et al., 2016). Patients in the low-intermediate-risk category can
choose for RP or RT with curative intent(Mottet et al., 2017). Patients with PCa with localized
or metastatic high-risk disease are typically treated with RT with/without hormonal therapy,

while patients with recurrent or metastatic, hormone-sensitive, or castrate-resistant disease are
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treated with chemotherapy or next-generation hormonal treatment(Cornford et al., 2017; Min
Yuen Teo, 2019).

RT with/withowt ADT | Docetaxel
RP Abiraterone

AS

— mHSPC —

Loca!lzed L » PSAP . — mCRPC
PCa \
o amcrpc | | 1*line 2™ line
‘ Docetaxel Cabazitaxel
Apalutamide ‘ Sipulcucel-T Abiratcrone
: ‘ Abiraterone Enzahitamide
PeRRAt el i ‘ Enzalutamide \lpharadin
MNZ4 a1m £ araqir
PCa treatments Olaparib

Figure 1. The natural history of PCa and the management options in different clinical states.
Abbreviations: RT (radiation therapy); ADT (androgen deprivation therapy); RP (radical
prostatectomy); AS (active surveillance); PSA (prostate-specific antigen); PSA-P (PSA
progression); mHSPC (metastatic hormone-sensitive prostate cancer); nmCRPC (honmetastatic

castration-resistant prostate cancer); mCRPC (metastatic castration-resistant prostate cancer).

1.1.3 Drug therapy for PCa

In the 1940s, bilateral orchiectomy and estrogen therapy were first demonstrated as effective
therapies for patients with PCa(Huggins and Hodges, 1941). Since then, the androgen receptor
(AR) signaling pathway has been identified as a clear target for therapy, and several hormonal
therapeutics have been used to treat PCa. PCa was once widely considered as a chemotherapy
non-responsive disease until docetaxel was demonstrated to be effective for mCRPC in
2004 (Petrylak et al., 2004; Tannock et al., 2004). Several next-generation hormonal treatments
have recently improved the overall survival (OS) of patients with metastatic prostate cancer
(mPCa) and are used in clinical practice. Even though patients with PCa have a wide variety of

therapy options now, hormonal therapy and chemotherapy remain the most important therapies.

1.1.3.1 Hormonal therapy for PCa
PCa is unique in its dependence on the AR signaling pathway for growth and progression, and

androgen deprivation therapy (ADT) has been considered the backbone of treatment for



advanced and metastatic PCa(Nader et al., 2018). The original form of ADT was bilateral
orchiectomy, which has been replaced by ADT drugs. The validity of ADT has been further
demonstrated by the confirmation of the importance of suppressing testosterone activity in the
management of mPCa(Crawford et al., 2019). In the initial treatment course, most patients with
PCa respond well to medical castration. However, almost all patients become castration-
resistant over time and develop castration-resistant prostate cancer (CRPC), wherein prostate
cancer cells develop mechanisms to proliferate despite castrate levels of testosterone.
Abiraterone(Stein et al., 2012) and enzalutamide(Scher et al., 2012), two next-generation
hormonal drugs, resulted in significant improvements in OS and progression-free survival (PFS)
for CRPC, but durable responses were also limited. Medical castration involves drugs blocking
the AR and drugs blocking the synthesis of testosterone(Evans, 2018). Unfortunately, responses
to those treatments are transient, which means that almost all patients with mPCa will become
resistant to hormonal therapy. Recently, a new treatment strategy, functioning downstream of
the AR, provided an entirely novel approach for the treatment of CRPC. JQ1 is thought to be a
potential new therapeutic strategy for patients with mCRPC(Asangani et al., 2014). More of
these types of drugs or combination therapies could play an essential role in treating prostate

cancer in the future.

1.1.3.2 Chemotherapy for PCa

The role of chemotherapy in PCa has undergone a dramatic and historic landscape change. For
decades, chemotherapy was believed ineffective in PCa until 2004, when the results of TAX
327, a randomized nonblinded Phase 111 trial, were published in the New England Journal of
Medicine. This study showed that docetaxel treatment every three weeks leads to superior
survival and improves response rates compared to mitoxantrone(Tannock et al., 2004). This
study also provided evidence that cytotoxic chemotherapy, such as docetaxel, could
significantly prolong survival among patients with hormone-refractory prostate cancer (now
named CRPC). Another Phase 111 trial(Petrylak et al., 2004) was published in the same year and
showed that docetaxel treatment combined with estramustine also increased survival, but at the
cost of an increased rate of adverse events. Therefore, the combination of docetaxel and
estramustine is rarely used. After those initial studies, numerous combination trials were
performed to improve the efficacy of docetaxel in patients with CRPC, most of which showed
negative results. For patients with mHSPC, three famous clinical trials have been published.
The first study (GETUG-AFU(Gravis et al., 2013)) showed that the OS of patients treated with
docetaxel combined with ADT was not statistically significantly different from those treated



with ADT alone. In contrast, two other clinical trials (CHAARTED(Sweeney et al., 2015) and
STAMPEDE(James et al., 2016)) show significant improvements in OS. Patients who received
docetaxel treatment combined with standard therapy had an improved OS, with a 16.6- and 10-
month difference. A subsequent meta-analysis reviewed all relevant trials assessing docetaxel
combined with standard therapies in patients with mHSPC and showed that docetaxel improves
survival in patients with mPCa(Vale et al., 2016).

Cabazitaxel is the second-line chemotherapy drug for patients with mCRPC. A randomized
Phase I11 clinical trial (TROPIC(de Bono et al., 2010)) was first reported on in 2010, in which
the median OS of the patient group treated with cabazitaxel was 5.1 months longer than those
treated with mitoxantrone. However, cabazitaxel also showed higher adverse events. Another
Phase Il clinical trial (FIRSTANA(Oudard et al., 2017)) compared cabazitaxel to docetaxel in
chemotherapy-nawe mCRPC. There was no superiority in OS for this combination strategy,
confirming that docetaxel remains the most appropriate first-line chemotherapy regimen for
patients with mCRPC.

1.1.4 Docetaxel treatments for PCa

Docetaxel is a semi-synthetic taxane analog derived from the European yew. The chemical
formula of docetaxel is C43Hs3NOz14, and its molecular weight is 807.88. Docetaxel has a two-
fold mechanism of anti-cancer activity. Docetaxel disrupts the normal physiological functions
of microtubules during mitosis, and thus results in cell cycle arrest. On the other hand, docetaxel
promotes Bcl-2 phosphorylation, enabling the activation of the Bcl-2 protein, which ultimately
results in cell apoptosis(Pienta, 2001). The three-week regimen of docetaxel combined with
prednisone is widely used as the first-line chemotherapy regimen for the treatment of CRPC.
There are only a few effective treatment options for patients with tumors resistant to docetaxel
since cross-resistance between docetaxel and new hormonal agents (e.g., abiraterone,
enzalutamide) has been observed in many studies(Mezynski et al., 2012; Nadal et al., 2014;
van Soest et al., 2013; Cheng et al., 2015; Schweizer et al., 2014). To date, docetaxel’s status
as a first-line anti-cancer drug in PCa has not been challenged. Therefore, a combination
treatment, which could reduce the dosage of docetaxel and the drug toxicity or delay resistance

to docetaxel, might be a solution for patients with mPCa.

1.1.5JQ1: a novel potential therapeutic for PCa
Bromodomain and extra terminal domain (BET) proteins belong to a family of epigenetic
regulators, including three ubiquitously expressed bromodomain-containing proteins (BRD2,
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BRD3, and BRD4) and the testis-specific BRDT(Leiming Wang, 2020). In recent years,
functional inhibition of BET proteins has been highlighted as an important therapeutic target
for cancers(Alghamdi et al., 2016). Several small molecules have been developed to inhibit the
function of BET proteins, of which JQ1 was demonstrated to be a potent and selective BRD 4
inhibitor(Alghamdi et al., 2016). BRD4 is a transcription regulator recruiting transcriptional
regulatory complex to acetylated chromatin and subsequently regulating the expression of a
series of proteins, such as c-Myc. By interfering with the function of BRD4, JQ1 promotes
apoptosis and results in cell cycle arrest in the G1 phase(Shi et al., 2018). JQ1 is a new treatment
strategy for PCa patients since JQ1 functions downstream of the AR. In contrast to new
hormonal agents, JQ1 more potently abrogates BRD4 localization to AR target loci and inhibits
AR-mediated gene transcription. The BET bromodomain inhibition was shown to be more
efficacious than direct AR antagonism in CRPC xenograft models(Asangani et al., 2014).
However, one recently published study showed that JQ1 promoted PCa invasion and metastasis
in a BET protein-independent manner when the PCa cell growth was inhibited(Leiming Wang,
2020). This indicates that a combination treatment strategy might be more promising than JQ1
alone. The combined effects of BRDA4-targeting therapy and docetaxel were explored in two
types of solid tumors, with opposite results. In esophageal adenocarcinoma, the effects of JQ1
are synergistically amplified by docetaxel addition both in vitro and in vivo(Song et al., 2020).
No synergistic activity was observed when docetaxel was combined with BRD4-proteolysis
targeting chimeric breast cancer cells(Noblejas-L&pez et al., 2019). In this study, we explored
the combined effects of JQ1 and docetaxel in PCa. Our findings in 2D and 3D preclinical

models indicate that JQ1 can promote the cell viability inhibition of docetaxel.

1.2 Preclinical models in anti-cancer drug screening

For decades, tremendous progress has been made in commercial drug research and development,
but the discovery of novel effective drugs has decreased(Scannell et al., 2012). It has been
reported that novel oncology drugs have lower success rates during late clinical development
stages than drugs for other diseases(Takebe et al., 2018). A lack of efficacy was suggested as
the main reason for this low success rate(Arrowsmith, 2011). Clinical trials are based on
evidence of effectiveness in preclinical models; therefore, a preclinical model that mimics
human tumors more accurately would be a useful tool for translational research of anti-cancer

drugs.

1.2.1 Preclinical models of PCa



Today, most preclinical PCa research is still undertaken in 2D-cultured PCa cell lines, among
which, PC3, DU145, and LNCaP are the most widely used (Elbadawy et al., 2020). The
advantages of 2D-cultured PCa cell lines are their ease of use, high reproducibility, and cost-
effectiveness(Hepburn et al., 2020). However, the cell lines may accumulate multiple additional
mutations due to long-term culture. Meanwhile, a lack of essential characteristics can make it
challenging to generalize data for clinical practice. For example, DU145 and PC3 cells do not
express AR and PSA(Elbadawy et al., 2020; Hepburn et al., 2020).

Compared to cell lines, patient-derived xenografts (PDXs) more appropriately reflect cellular
heterogeneity and molecular divergence(Shen and Abate-Shen, 2010; Kopetz et al., 2012).
PDXs of PCa were shown to be beneficial in drug screenings for efficacy and toxicity(Nguyen
et al., 2017). However, the use of PDXs of PCa is challenging given the low engraftment rate
(15-20%), high costs, and long experimental periods (usually several months)(Lin et al., 2014).
The murine tumor microenvironment only partially reflects the human tumor
microenvironment. The primary sources of PDXs are original tumors obtained by surgical
resections, which cannot be obtained repeatedly. As the passages of the PDX model progress,
the tumor microenvironment is gradually replaced by a mouse-derived matrix, reducing the
PDX passage humbers during application(Cho, 2020).

Given the limitations of 2D-cultured cell lines and PDX models, 3D cell culture systems
(organoids, spheroids) are getting increasing attention in PCa research. Organoids and
spheroids are both regarded as the intermediate models between in vitro 2D-cultured cell lines
and PDXs. Spheroids are often formed from cancer cell lines or tumor biopsies, whereas
organoids are derived from primary tumor tissues(Colella et al., 2018). Organoids offer a higher
complexity and are more in vivo-like than spheroids, while unfortunately, the efficiency for PCa
organoid establishment is only 15-20%(Gao et al., 2014). Compared with PCa organoids, the
efficiency of establishing PCa spheroids based on PCa cell lines is much higher, allowing them
to be widely used in novel anti-cancer drug therapies(Thakuri et al., 2019), treatment-induced
drug resistance(Shahi Thakuri et al., 2019), and drug screening(Mulholland et al., 2018).

1.2.2 Challenges for spheroids in drug screening

Despite the advantages of spheroids over 2D-cultured cells and animal models, their
employment in drug screening as preclinical models is still limited. There are multiple
challenges to be addressed for spheroid experimental protocols to be widely adopted and used

in fundamental research and drug screening(Ham et al., 2016).



1.2.2.1 The most desired application of spheroids is drug testing and screening. However,
compared to 2D-cultured cells, the routine use of spheroids is more complex and expensive.
The design of new platforms or protocols is prompted, which could simplify the spheroids'
culture and maintenance, and could improve their availability for drug testing work.

1.2.2.2 The analyses of drug testing experiments based on spheroids also rely on colorimetric,
luminescence or fluorescence assays, originally developed for 2D-monolayer cultured cells.
The evaluation indexes of drug effectiveness for spheroids are based on the IC50 values
generated from 2D monolayer cultured cells. Many studies showed that spheroids are much
more drug-resistant than 2D cultured cells(Shahi Thakuri et al., 2016). A new evaluation system
or combined evaluation indexes should be explored for spheroid drug testing experiments.
1.2.2.3 Cancer organoids based on primary cancer tissues are composed of cancer cells and
mesenchymal cells. The mesenchymal cells stimulate the growth of cancer cells and provide
treatment protection from anti-cancer drugs(Stock et al., 2016). The proportion of cancer and
stromal cells could also be variable in different tumor models. Fortunately, one study revealed
that Matrigel, containing growth factors, could partially replace the effect of the stromal
cells(Stock et al., 2016).

Even though there are limitations in all models, we sought to mimic cancer in vivo as much as
possible. Our study’s experiments were based on cells/spheroids obtained from the prostate
cancer LNCaP cell line, which express AR and PSA. We used Matrigel to replace the effect of
stromal cells. The CellTiter Glo is the standard assay in spheroid drug testing experiments, and

we used multi-parameters to analyze the drug effectiveness.

1.3 Aims of the research

Based on previous evidence for the role of JQ1 as a potential anti-cancer drug in PCa and the
possible synergistic activity with docetaxel, we aimed to answer the following research
questions:

1. Can we harvest spheroids from the LNCaP cell line?

2. What are the differences between 2D and 3D drug testing experiments?

3. Is IC50 a suitable tool for 3D drug sensitivity evaluation?

4. How can drug effectiveness be assessed in spheroid drug testing experiments?

5. Can JQ1 promote drug sensitivity to docetaxel, as assessed in PCa cells/spheroids?
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2 Methodology

2.1 Lists

2.1.1 List of commercial reagents

Reagent Company Catalogue Number
Albumin bovine (BSA) Serva 11926.03
Docetaxel, Cytotoxic agent Abcam ab141248
Dulbecco’s phosphate buffered saline (DPBS) | Life Technologies 14190169
Ethanol (>70%) Roth T913.3
Ethanol (>99.8%) Roth K928.4
Fetal Bovine Serum (FBS), qualified, heat Gibco 10500064
inactivated
HISTOGEL Thermo Scientific | R904012
JQ1 BPS 27402
Matrigel® Growth Factor Reduced (GFR) Corning 356231
Basement Membrane Matrix, Phenol Red-free
Penicillin-Streptomycin Gibco 15140-148
Recover cell culture freezing medium Gibco 12648-010
TrypLE Express Gibco 12604-013
2.1.2 List of Kits
Name Components

CellTiter-Glo® Luminescent Cell Viability
Assay kit (Catalog No. G755A)

10x10ml CellTiter-Glo® Substrate

Lyophilized

10x10ml CellTiter-Glo® Buffer

2.1.3 List of consumables

Name Company Catalogue Number
1.5 ml MicroTubes SARSTEDT 72.706.400

1000 pl Pipette tips SARSTEDT 70.760.002

20 pl Pipette tips SARSTEDT 70.116

200 pl Pipette tips SARSTEDT 70.762.411
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Corning® 96-well Black/Clear Round Bottom | Corning 4515

Ultra-Low Attachment Spheroid Microplate,

with Lid, Sterile

Corning® 96-well Flat Clear Bottom Black Corning 3603

Polystyrene TC-treated Microplates,

Individually Wrapped, with Lid, Sterile

Falcon® 10 mL Serological Pipet, Polystyrene, | Corning 357551

0.1 Increments, Individually Packed, Sterile

Falcon® 100 mm TC-treated Cell Culture Dish | Corning 353003

Falcon® 15 mL High Clarity PP Centrifuge Corning 352097

Tube, Conical Bottom, with Dome Seal Screw

Cap, Sterile

Falcon® 24-well Clear Flat Bottom plates Corning 353047

Falcon® 25 mL Serological Pipet, Polystyrene, | Corning 357525

Space Saver, 0.25 Increments, Sterile

Falcon® 25cm? Rectangular Canted Neck Cell | Corning 353108

Culture Flask with Vented Cap

Falcon® 5 mL Serological Pipet, Polystyrene, | Corning 357543

0.1 Increments, Individually Packed, Sterile

Falcon® 50 mL High Clarity PP Centrifuge Corning 352098

Tube, Conical Bottom, Sterile

Falcon® 75cm? Rectangular Canted Neck Cell | Corning 353136

Culture Flask with Vented Cap

Falcon® 96-well Clear Flat Bottom TC-treated | Corning 353072

Culture Microplate, with Lid, Individually

Wrapped, Sterile

MACS® SmartStrainers 100 pm Miltenyi Biotec 130-098-463

MACS® SmartStrainers 30 um Miltenyi Biotec | 130-098-458

MACS® SmartStrainers 70 pm Miltenyi Biotec 130-098-462

Pipetus® Junior Pipettencontroller Hirschmann HI19907200
2.1.4 List of devices

Product Manufacturer

ASPIRE Laboratory Aspirator Accuris
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Centrifuge 320R Hettich® Universal
Centrifuge 5810 Eppendorf
Centrifuge 5810 Eppendorf
Centrifuge 5810R Eppendorf
Centrifuge 8510R Eppendorf
Incubator B6120 microbiological Heraeus
Incubator(CO:) 2401 Hettich
Incubator(CO2) CB160 Binder
Incubator(CO2) Midi 40 Thermo Scientific™
Laboratory shaker 34524-200 CENCO
Microscope TCS SPE confocal system Leica
Microwave M1913 Samsung
Research pipette 0.1-0.25 pul Eppendorf
Research pipette 0.5-10 ul Eppendorf
Research pipette 100-1000 pl Eppendorf
Research pipette 10-100 ul Eppendorf
Research pipette 2-20 pl Eppendorf
Research pipette(12-channel) 30-300 pl Eppendorf
Research pipette(8-channel) 30-300 pl Eppendorf
Safety workbenches(DIN12950) Heraeus
Water Bath 1004 GFL

2.2 Cell culture conditions and cell cryopreservation

The LNCaP cell line was a kind gift from the Urology Department of CharitéCampus Mitte.
All the 2D and 3D cultured cells were cultured in a humidified incubator with 5% CO> (carbon
dioxide) at 37°C.

2.2.1 Complete growth medium: The 2D cultured LNCaP cells were maintained in RPMI
1640 medium supplemented with 10% FBS (fetal bovine serum) and 1% PS (penicillin
[streptomycin antibiotics) according to the complete growth medium described on the ATCC

website(https://www.lgcstandards-atcc.org/products/all/CRL-1740.aspx#culturemethod).

However, for the 3D cultured cell/spheroids, we first carried out the experiment based on RPMI
+ 1% PS supplemented with 2%, 5%, 7.5% and 10% FBS(Subheading 2.4), since different

concentrations of FBS were applied according to various pieces of literature (Song et al., 2003;
13
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Ziaee and Chung, 2014; Hamaet al., 2015; Ma et al., 2017; Ballangrud et al., 2001). The
results showed that lower FBS concentrations were not suitable for the survival and growth of
embedded cultured LNCaP spheroids except 10% FBS(Subheading 3.1), so all the 3D cultured
LNCaP cells/spheroids were maintained in RPMI + 10% FBS + 1% PS in the subsequent
experiments, irrespective of whether the cells/spheroids were embedded cultured in Matrigel or

floating cultured in spheroid microplates.

2.2.2 Cell cryopreservation: Long-term storage of the 2D/3D LNCaP cells was achieved by
resuspending the cells in RPMI+50% FBS +10% DMSO without antibiotics and preserving in
the liquid nitrogen.

2.3 3D cell/spheroid workflow: The LNCaP cells were set up as 2D or 3D preclinical models
in this research. Two kinds of 3D culture protocols were carried out in this research (3D
embedded culture and 3D floater culture, Figure 2). The growth of the 3D cultured
cells/spheroids was monitored via images of LNCaP cells/spheroids by microscopy, and the
susceptibilities of LNCaP cells/spheroids were evaluated by spheroid formation and 1C50

curves.
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Figure 2. The 2D/3D preclinical models of prostate cancer workflow.
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2.3.1 3D embedded cell/spheroid culture: The 3D cultured LNCaP cells/spheroids were
initiated from 2D cultured LNCaP cells. The cryotubes of the 2D cultured LNCaP cells were
removed from liquid nitrogen storage and quickly thawed into a 37°C water bath to be melted.
The cell precipitation was resuspended in complete growth medium (RPMI + 10% FBS + 1%
PS), then removed into the cell flasks after centrifugation (1,000rpm>3min) and supernatant

removal. From the 3rd passages after cell thawing, a certain number of 2D cultured LNCaP
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cells were resuspended in the Matrigel and plated into the center of each well (TC-treated 96-

well microplates, 24-well plates) according to the protocols below.

2.3.1.1 3D embedded cell culture protocols: The Matrigel was divided into separate 1.5ml
sterile EP tubes and preserved at -20°C. Matrigel split tubes were thawed on ice overnight
before subsequent experiments, while the plates were maintained in the incubator at 37°C
overnight. The cool PBS was divided into 50ml tubes and kept on ice overnight, while the PBS
at room temperature was kept at room temperature for at least 2 hours before the following
experiments. The complete growth medium was divided into 50ml centrifuge tubes and
preserved at 4°C. The complete growth medium's separated tubes should be prewarmed at 37°C
for at least 2 hours before the subsequent experiments.

2.3.1.1.1 Establishing and culturing LNCaP cells/spheroids

2.3.1.1.1.1 Take one flask(75cm?) of LNCaP cells (80-90% proportion) from the incubator and
exchange the complete growth medium 24 hours before the experiments.

2.3.1.1.1.2 Culture the cells overnight in the incubator.

2.3.1.1.1.3 Wash the LNCaP cells in the cell flask with 10ml PBS (room temperature) twice.
2.3.1.1.1.4 Pipet 2ml Accutase Cell Dissociation Reagent into the cell flask, and maintain the
flask at 37°C for 5 min.

2.3.1.1.1.5 Pipet the cell suspension into a 15ml centrifuge tube and wash the flask with 5ml
PBS twice, which is also pipetted into the 15ml centrifuge tube.

2.3.1.1.1.6 Centrifuge: 1000rpm>3min.

2.3.1.1.1.7 Resuspend the cell pellet with 2ml cool PBS after supernatant removal.

2.3.1.1.1.8 Filter the cell suspension with a 30 um cell strainer and count the cells using a
hemocytometer.

2.3.1.1.1.9 Resuspend the cells (500 cells per well) in Matrigel and plate the cell-Matrigel (6
ul/well for 96-well TC-treated microplates, and 15 ul/well for 24-well plates) into the center of
each well of a preheated plate (Figure 3).

2.3.1.1.1.10 Place the plate upside down in the CO: incubator (Figure 3) while the Matrigel
containing the cells solidifies for 15 min at 37°C.

2.3.1.1.1.11 Gently add the prewarmed complete growth medium into each well (1 ml/well for
24-well plates and 200 pl/well for 96-well plates), then place the plates into the incubator.
2.3.1.1.1.12 Refresh the complete growth medium every three days in the 24-well plates, while
half exchanging the complete growth medium every other day in the 96-well plates.
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2.3.1.1.1.13 Check the cells/spheroids with a microscope daily and record the spheroids’ growth
three times per week.
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Figure 3. Protocol for establishing 3D embedded LNCaP cells/spheroids.

2.3.1.1.2 Passaging LNCaP spheroids in the 24-well plates

2.3.1.1.2.1 Pipet out the complete growth medium with 1 ml pipette tips, and add 1 ml cool
PBS into each well.

2.3.1.1.2.2 Release the spheroid-Matrigel lenses from each well with 1 ml pipette tips and
transfer them into a 15 ml centrifuge tube which has been coated with 1% BSA in PBS.
2.3.1.1.2.3 Wash each well with cool PBS to obtain all the spheroids and add them into the
centrifuge tube described above.

2.3.1.1.2.4 Pipet thoroughly using a 100 pl tip (without filter) on a 1ml pipette tip to release the
spheroids from the Matrigel.

2.3.1.1.2.5 Filter the cell suspension through a 70 pum cell strainer to eliminate the dead cells
and the cells not within the growing spheroids.

2.3.1.1.2.6 Wash the strainer with 5 ml cool FBS and invert the cell strainer onto a 10 cm? dish.
2.3.1.1.2.7 Wash the retained spheroids from the strainer with 10 ml cool FBS and collect the
spheroids into a new 15 ml centrifuge tube.

2.3.1.1.2.8 Centrifuge at 1,000 rpm for 5 min at 4°C, then aspirate the supernatant and Matrigel
above the cell pellet.

2.3.1.1.2.9 Resuspend the spheroids in Matrigel and plate 15 ul spheroid-Matrigel drops into
the center of the well of a prewarmed 24-well plate. The spheroids are passaged in a 1:2 dilution
(Figure 4).

2.3.1.1.2.10 Place the plate upside down in the incubator while the Matrigel containing the
spheroids solidifies for 15 min at 37°C.
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2.3.1.1.2.11 Gently add 1ml prewarmed complete growth medium into each well and place the
plates into the incubator.

2.3.1.1.2.12 Refresh the cell culture fluids every three days.

2.3.1.1.2.13 Check the spheroids with a microscope daily and record the spheroids’ growth
three times per week.
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Figure 4. Protocol for passaging 3D embedded LNCaP spheroids.

2.3.2 3D floater culture: Unlike the 3D embedded cell/spheroid culture, the cells/spheroids in
this protocol were floaters at the U-bottom of each well instead of embedding in Matrigel. The
low attachment U-bottom 96-well spheroid microplates were applied in these cell culture
experiments and drug testing work according to the protocol below.

2.3.2.1 The 2D cultured LNCaP cells were collected from the cell flasks (repeat Subheadings
2.3.1.1.1.1-23.1.1.1.6).

2.3.2.2 Resuspend the cell pellet with 2 ml complete growth medium after the supernatant
removal.

2.3.2.3 Count the cells using a hemocytometer.

2.3.2.4 Resuspend the cells with the prewarmed complete growth medium and add the cell
suspension (200 ul/well) into the 96-well spheroid microplates.

2.3.2.5 Place the plates in the CO2 incubator, then half exchange the cell culture fluids every
other day.

2.3.2.6 Check the spheroids with a microscope daily and record the spheroids’ growth.
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Figure 5. Protocol for establishing 3D floater cultured LNCaP spheroids.

2.4 Exploring for a suitable FBS concentration for LNCaP spheroid culture: Many studies
have shown that the LNCaP spheroids can be cultured in RPMI supplemented with PS and FBS,
but the FBS concentrations were different across the literature(Song et al., 2003; Ziaee and
Chung, 2014; Hamaet al., 2015; Ma et al., 2017; Ballangrud et al., 2001). Therefore, we first
carried out a 3D culturing experiment to define a suitable FBS concentration for LNCaP
spheroids. The establishment of LNCaP spheroids in 24-well plates was done according to the
steps from Subheadings 2.3.1.1.1.1 to 2.3.2.1.10, after which 1ml prewarmed RPMI 1640
medium supplemented with 1% PS and varying FBS concentrations (2%, 5%, 7.5%, and 10%)
was gently added into each well. The LNCaP spheroids were checked and recorded with a

microscope for 18 days.

2.5 LNCaP spheroid formation and its growth kinetics in Matrigel: The establishment of
LNCaP spheroids in TC-treated 96-well microplates was done according to the steps from
Subheadings 2.3.1.1.1.1 to 2.3.2.1.10, after which 200ul prewarmed complete growth medium
(RPMI + 10% FBS + 1% PS) were gently added into each well. The complete growth medium
was half exchanged every other day, and the LNCaP spheroids were checked and recorded with
a microscope for three weeks.

2.6 Drug testing experiments: Our drug testing experiments were based on two different drugs
(docetaxel and JQ1), the states of matter of which were both powders at the very beginning.
We first dissolved them in DMSO into the storage concentrations at 50mM (millimoles) and
10mM, and maintained them at -20°C. The storage concentrations diluted all the drug
concentrations described below. We first experimented with detecting the cell viability of 2D
cultured LNCaP cells exposed to varying DMSO concentrations to evaluate the effect of DMSO

in the final drug concentrations.

2.6.1 2D drug testing experiments exposed to DMSO: The final concentrations of docetaxel
in the following drug testing experiments were from 0.25 to 2048 nM, while 8 - 4096nM for
JQ1. So the final concentrations of DMSO were from 4.096x<102 % to 5x10” %. CellTiter Glo
assays were performed to analyze the influences of cell viability exposed to varying final
DMSO concentrations of 5107 %, 5x10° %, 5x10° %, 5x10™* %, 5x10° %, and 5>10 %.
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2.6.1.1 Collect the 2D cultured LNCaP cells from the cell flasks (repeat Subheadings 2.3.1.1.1.1
-2.3.1.1.1.6).

2.6.1.2 Resuspend the cell pellet with 2 ml complete growth medium after the supernatant
removal.

2.6.1.3 Count the cells using a hemocytometer.

2.6.1.4 Resuspend the cells with room temperature complete growth medium and add the cell
suspension (100 pl/well, 2000 cells/well) into the 96-well TC-treated microplates.

2.6.1.5 Place the plates in the CO; incubator for 48 hours.

2.6.1.6 Add 100 pl cell culture fluids containing 2x DMSO final concentrations (10'6, 107, 10
4,10, 102, 0.1 %) into each well, while 0 concentration of DMSO serves as negative control.
2.6.1.7 Culture the LNCaP cells for five days.

2.6.1.8 CellTiter Glo assay (2D, Subheading 2.8.1).

------------------
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Figure 6. Protocol for 2D drug testing experiment exposed to DMSO.

2.6.2 2D drug testing experiments exposed to docetaxel / JQ1:

2.6.2.1 The 2D cultured LNCaP cells were collected from the cell flasks (repeat Subheadings
2.3.1.1.1.1-2.3.1.1.1.6).

2.6.2.2 Resuspend the cell pellet with 2 ml complete growth medium after the supernatant
removal.

2.6.2.3 Count the cells using a hemocytometer.

2.6.2.4 Resuspend the cells with the complete growth medium (room temperature), then add
the cell suspension (100 ul/well, 2000 cells/well) into the 96-well TC-treated microplates.
2.6.2.5 Place the plates in the CO; incubator for 48 hours.

2.6.2.6 Add 100 pl complete growth medium with the 2x docetaxel / JQ1 final concentrations
as described below, while the negative control contains no drug at all.

Final drug concentrations in the plates: The 2D cultured LNCaP cells were exposed to a

varying final concentration of docetaxel / JQ1 as follows:
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Final docetaxel concentrations
0,0.25,05,1,2,4,8,16, 32,64 nM
Docetaxel 0,0.25,0.5,1,2,4,8, 16,32, 64 nM

0,0.125,0.25,0.5, 1, 2,4, 8, 16,32 nM
0,8, 16, 32, 64, 128, 256, 512, 1024, 2048 nM
JQ1 0, 8, 16, 32, 64, 128, 256, 512, 1024, 2048 nM
0, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096 nM

Table 1. Varying final concentrations of docetaxel/JQ1 for 2D drug testing experiments.

2.6.2.7 Culture the LNCaP cells for five days.
2.6.2.8 CellTiter Glo assay (2D, Subheading 2.8.1).
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Figure 7. Protocol for 2D drug testing experiments exposed to docetaxel/JQ1.

2.6.3 3D drug testing experiments based on embedded cultured LNCaP cells (2 days):
2.6.3.1 The 2D cultured LNCaP cells were collected from the cell flasks and embedded in
Matrigel then plated into the 96-well TC-treated microplates (repeat Subheadings 2.3.2.1.1 -
2.3.2.1.10).

2.6.3.2 Gently add the prewarmed complete growth medium into each well (200 pl/well), and
place the plates into the incubator.

2.6.3.3 Place the plates in the CO. incubator for 48 hours.

2.6.3.4 Pipet out 100 pl complete growth medium, and then add 100 pl new complete growth
medium with the 2>docetaxel / JQ1 final concentrations as described below, while the negative
control contains no docetaxel at all.

Final drug concentrations in the plates:

Final docetaxel concentrations
0,0.25,05,1,2,4,8,16, 32, 64 nM
Docetaxel 0,0.25,05,1,2,4,8,16, 32, 64 nM
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0,0.125,0.25,0.5,1, 2,4, 8, 16,32 nM
0, 8, 16, 32, 64, 128, 256, 512, 1024, 2048 nM
JQ1 0, 8, 16, 32, 64, 128, 256, 512, 1024, 2048 nM
0, 16,32, 64, 128, 256, 512, 1024, 2048, 4096 nM

Table 2. Varying final concentrations of docetaxel/JQ1 for 3D drug testing experiments based
on embedded cultured LNCaP cells (2 days).

2.6.3.5 Culture the LNCaP cells for five days.
2.6.3.6 CellTiter Glo assay (3D, Subheading 2.8.2).
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Figure 8. Protocol for 3D drug testing experiments (2 days) exposed to docetaxel / JQ1.

2.6.4 3D drug testing experiments based on embedded cultured cells/spheroids (4-21 days):
2.6.4.1 The 2D cultured LNCaP cells were collected from the cell flasks and embedded in
Matrigel then plated into the 96-well TC-treated microplates (repeat Subheadings 2.3.1.1.1.1 -
2.3.1.1.1.10).

2.6.4.2 Gently add the prewarmed complete growth medium into each well (200 pl/well), and
place the plates into the incubator.

2.6.4.3 Place the plates in the CO> incubator for 4, 7, 14, and 21 days to get different sized
spheroids. Half exchange the complete growth medium (100 ul/well) every other day.

2.6.4.4 Pipet out 100 ul complete growth medium, and then add 100 ul new complete growth
medium with the 2> docetaxel final concentrations as described below, while the negative
control contains no docetaxel at all. All the experiments were repeated three times.

Final docetaxel concentrations in the plates:

Final docetaxel concentrations
0,0.25,05,1,2,4,8,16, 32,64 nM
4 days spheroids 0,0.25,05,1,2,4,8,16,32, 64 nM
0,0.25,05,1,2,4,8,16, 32, 64 nM
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0,0.5,1,2,4,8, 16,32, 64, 128 nM

7 days spheroids 0,1,2,4,8,16, 32,64, 128, 256 nM

0,2,4,8,16,32, 64, 128,256,512 nM

0,2,4,8, 16,32, 64, 128,256, 512 nM

14 days spheroids 0,1,4,8,16, 32,64, 128, 256,512 nM

0,4,8,16,32, 64,128, 256,512, 1024 nM
0,1,2,4,8,16,32, 64,128, 256 nM

21 days spheroids 0,4,8,16, 32,64, 128, 256,512, 1024 nM

0,8, 16,32, 64, 128,256, 512, 1024, 2048 nM

Table 3. Varying final concentrations of docetaxel/JQ1 for 3D drug testing experiments based
on embedded cultured LNCaP cells (4-21 days).

2.6.4.5 Culture the LNCaP cells/spheroids for five days.
2.6.4.6 CellTiter Glo assay (3D, Subheading 2.8.2).
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Figure 9. Protocol for 3D drug testing experiments (4-21 days) exposed to docetaxel.

2.6.5 3D drug testing experiments based on embedded cultured spheroid aliquots:

2.6.5.1 The 2D cultured LNCaP cells were collected from the cell flasks and embedded in
Matrigel then plated into the 24-well plates (repeat Subheadings 2.3.1.1.1.1 - 2.3.1.1.1.10).
2.6.5.2 Gently add the prewarmed complete growth medium into each well (1 ml/well), and
place the plates into the incubator.

2.6.5.3 Place the plates in the COz incubator for 21 days to get different sized spheroids. Refresh
the complete growth medium every three days.

2.6.5.4 Collect all the spheroids from the 24-well plates (repeat Subheadings 2.3.1.1.2.1 -
2.3.1.1.2.8).

2.6.5.5 Resuspend the spheroids in Matrigel and plate 6 ul spheroid-Matrigel drops into the

center of the well of prewarmed 96-well TC-treated microplates (Figure 9).
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2.6.5.6 Place the plate upside down in the incubator while the Matrigel containing the spheroids
solidifies for 15 min at 37°C.

2.6.5.7 Gently add 200 pl prewarmed complete growth medium into each well and place the
plates into the incubator.

2.6.5.8 Culture the LNCaP spheroids for 48 hours in the incubator.

2.6.5.9 Pipet out 100 pl complete growth medium, and then add 100 pl new complete growth
medium with the 2> docetaxel final concentrations as described below, while the negative
control contains no docetaxel at all.

Final docetaxel concentrations in the plates: 0.5, 1, 2, 5, 10, 20, 30, 50, 100 nM.

2.6.5.10 Culture the LNCaP spheroids for five days.

2.6.4.6 CellTiter Glo assay (3D, Subheading 2.8.2).
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Figure 10. Protocol for 3D drug testing experiments based on embedded cultured spheroid
aliquots exposed to docetaxel.

2.6.6 3D drug testing experiments based on floating LNCaP spheroids:

2.6.6.1 Effect of LNCaP cell numbers plated into the spheroid microplates: We first
experimented to explore the spheroid formation in spheroid microplates, and the protocol was
based on Subheading 2.3.2. Different numbers of LNCaP cells (312 cells/well, 625 cells/well,
1250 cells/well, 2500 cells/well, 5000 cells/well, 10* cells/well, 2x10* cells/well, 4>10*
cells/well, 8x10* cells/well, and 16x10* cells/well) were resuspended and seeded into the
spheroid microplates with a volume of 200 pl/well. The spheroids were checked and recorded

by a microscope daily for five days.

2.6.6.2 3D drug testing experiments based on different sized floating LNCaP spheroids:
2.6.6.1 Collect the 2D cultured LNCaP cells from the cell flasks and seed them into a spheroid
microplate (300/3000 cells per well with 200 ul volume, repeat Subheadings 2.3.2.1 - 2.3.2.4).

2.6.6.2 Culture the LNCaP cells/spheroids for 48 hours.
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2.6.6.3 Pipet out 100 pul complete growth medium, and then add 100 pl complete growth
medium with the 2> docetaxel final concentrations as described below, while the negative
control contains no docetaxel at all.

Final docetaxel concentrations in the plates:

300 cells/well: 0, 0.25, 0.5, 1, 2, 4, 8, 16, 32, 64 nM.

3000 cells/well: 0, 1, 2, 4, 8, 16, 32, 64, 128, 256 nM.

2.6.6.4 Culture the LNCaP cells for five days.

2.6.6.5 CellTiter Glo assay (3D, Subheading 2.8.2).
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Figure 11. Protocol for 3D drug testing experiments based on different sized floating LNCaP
spheroids exposed to docetaxel.

2.7 Drug testing experiments based on the combination treatment of JQ1 and docetaxel:
2.7.1 Diagonal method to evaluate the combinatory drug effects of docetaxel and JQ1
based on 2D LNCaP cells:

2.7.1.1 LNCaP cells were collected and then plated into 96-well TC-treated black microplates
(repeat Subheadings 2.6.2.1 - 2.6.2.4).

2.7.1.2 Place the plates in the CO; incubator for 48 hours.

2.7.1.3 Prepare a new 96-well clear plate, and prepare the complete growth medium with 4x

docetaxel/JQ1 final concentrations as described below (300 pl/well).
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Figure 12. Preparation of the complete growth medium with 4= docetaxel/JQ1 final
concentrations in 96-well clear plate.
NC: complete growth medium without docetaxel, JQ1, and DMSO.

2.7.1.4 Pipet out 50 ul/well complete growth medium with a 4> varying final concentration of
JQ1 from the 96-well clear plate described above (Columns 4/5, Lines B to G) of the clear plate,
and then add this into the TC-treated black microplate (Columns 2-9, Lines B to G) with a
multichannel pipette (Figure 13, blue wells from A to B).
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Figure 13. JQ1 medium addition from clear plate to the wells with combination treatment in
TC-treated black plate.
A. The complete growth medium with 4= JQ1 final concentrations in the 96-well clear plate
(blue wells). B. The TC-treated 96-well black plates after JQ1 medium addition (blue wells).

2.7.1.5 Turn the 96-well black plates 90° clockwise. Pipet out 50 ul complete growth medium
with NC/4x varying the final concentration of docetaxel/NC from the clear plate (Columns
7/8/10/11, Lines B to F), and then add this into the black plate (Lines B to G, Columns 2-11)
with a multichannel pipette(Figure 14, grey and orange wells from A to B).
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Figure 14. Docetaxel medium addition from the clear plate to the wells with combination
treatment/NC in TC-treated black plate.
A. The complete growth medium with NC/4>=varying the final concentration of docetaxel/NC
in the 96-well clear plate (grey and orange wells). B. The TC-treated 96-well black plate after

NC/docetaxel medium addition (grey and orange wells).

2.7.1.6 Turn the 96-well black plates 90° counterclockwise. Pipet out 50 ul complete growth
medium with 4 varying final concentration of docetaxel from the clear plate (Columns 7/8,
Lines C to F and Columns 10/11, Lines B to C), and then add this into the black plate (Columns

11, Lines B to G) with a multichannel pipette (Figure 15, orange wells from A to B).
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Figure 15. Docetaxel medium addition from clear plate to the wells with docetaxel alone in
TC-treated black plate.

in
i

A. The complete growth medium with 4> varying final concentration of docetaxel in the 96-
well clear plate (orange wells). B. The TC-treated 96-well black plates after docetaxel medium

addition (orange wells).
2.7.1.7 Pipet out 50 ul complete growth medium without any drugs (NC) from the clear plates

(Columns 2, Lines B to G), and then add this into the black plate (Columns 10, Lines B to G)
with a multichannel pipette (Figure 16, grey wells from A to B).
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Figure 16. Complete growth medium addition from clear plate to the wells with docetaxel
alone in TC-treated black plate.
A. The NC complete growth medium in the 96-well clear plate (grey wells). B. The TC-treated

96-well black plates after medium addition (grey wells).

2.7.1.8 Culture the LNCaP cells for 5 days.
2.7.1.9 CellTiter Glo assay (2D, Subheading 2.8.1).

2.7.2 3D LNCaP spheroid formation experiments:

2.7.2.1 The LNCaP spheroid formation when exposed to JQ1/docetaxel alone:

2.7.2.1.1 The 2D cultured LNCaP cells were collected from the cell flasks and embedded in
Matrigel then plated into the 24-well plates (repeat Subheadings 2.3.1.1.1.1 - 2.3.1.1.1.10).
2.7.2.1.2 Prepare a varying final concentration of docetaxel (0.25 nM, 0.5 nM, 1 nM, 2 nM, and
4 nM) and JQ1(8 nM, 16 nM, 32 nM, 64 nM, 128 nM, and 256 nM). Then gently add the
prewarmed complete growth medium into each well (Iml/well), while the negative control
contains no drug at all. Refresh the complete growth medium every three days.

2.7.2.1.3 Culture for 2 weeks. The spheroids were checked with a microscope twice a week and
the spheroids’ growth were recorded every week.

2.7.2.2 The LNCaP spheroid formation when exposed to JQZ1/docetaxel alone or
combination:

2.7.2.2.1 The 2D cultured LNCaP cells were collected from the cell flasks and embedded in
Matrigel then plated into the 24-well plates (repeat Subheadings 2.3.1.1.1.1 - 2.3.1.1.1.10).
2.7.2.2.2 Prepare 4 kinds of complete growth medium (NC, 0.25 nM docetaxel, 128 nM JQ1,
and 0.25 nM docetaxel + 128 nM JQ1). Then gently add the prewarmed complete growth
medium into each well (1 ml/well).

2.7.2.2.3 Culture for 2 weeks. The spheroids were checked with a microscope twice a week and
the spheroids’ growth were recorded every week.
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2.7.3 Cell viability detection following JQ1/docetaxel treatment alone or combination
treatment

2.7.3.1 2D cell viability detection following JQ1/docetaxel treatment alone or combination
treatment:

2.7.3.1.1 The 2D cultured LNCaP cells were collected and seeded into the 96-well TC-treated
black microplates (repeat Subheadings 2.6.2.1 - 2.6.2.4).

2.7.3.1.2 Place the plates in the CO; incubator for 48 hours.

2.7.3.1.3 Add 100 pul new complete growth medium with 2xdocetaxel/JQ1 final concentrations
as described below, while the negative control contains no docetaxel at all.

Final docetaxel concentrations in the plates:

Docetaxel treatment: 2 nM.

JQ1 treatment: 128 nM.

Combination treatment: Docetaxel: 2 nM + JQ1: 128 nM.

2.7.3.1.4 Culture the LNCaP cells for 5 days.

2.7.3.1.5 CellTiter Glo assay (2D, Subheading 2.8.1).

2.7.3.2 3D cell viability detection following JQ1/docetaxel treatment alone or combination
treatment:

2.7.3.2.1 The 2D LNCaP cells were collected and seeded into the 96-well TC-treated black
microplates (repeat Subheadings 2.6.3.1 — 2.6.3.2).

2.7.3.2.2 Place the plates in the CO; incubator for 48 hours.

2.7.3.2.3 Pipet out 100 pul complete growth medium, and then add 100 pl new complete growth
medium with the 2>xdocetaxel / JQ1 final concentrations as described below, while the negative
control contains no docetaxel at all.

Final docetaxel concentrations in the plates:

Docetaxel treatment: 2 nM.

JQ1 treatment: 128 nM.

Combination treatment: Docetaxel: 2 nM + JQ1: 128 nM.

2.7.3.2.4 Culture the LNCaP cells for 5 days.

2.7.3.2.5 CellTiter Glo assay (3D, Subheading 2.8.2).

2.8 Cell viability detection by CellTiter Glo assay: The cell viability of the treated LNCaP

cells/spheroids was measured using CellTiter-Glo® Luminescent Cell Viability Assay.
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2.8.1 CellTiter Glo assay for 2D cultured cells and spheroids in spheroid microplates.
2.8.1.1 Having stored the CellTiter Glo reagents at -20°C, thaw and equilibrate the reagents to
room temperature.

2.8.1.2 Mix the powder and the solvent and store at 4°C.

2.8.1.3 Equilibrate the CellTiter Glo reagents to room temperature for 2 hours.

2.8.1.4 Remove 100 pl supernatant from each well carefully (100 pl left).

2.8.1.5 Add 100 i CellTiter Glo reagents and wrap the plate in aluminum foil.

2.8.1.6 Read the plates.

2.8.2 3D embedded cell/spheroid CellTiter Glo assay.

2.8.1.1 Repeat Subheadings 2.8.1.1 - 2.8.1.5.

2.8.1.2 Shake the plates for 1 hour at 300 rpm.

2.8.1.3 Equilibrate plate for 1 hour in the incubator (remove bubbles if necessary with a needle).
2.8.1.4 Read the plates.

2.9 Statistics

2.9.1 The normality tests of LNCaP cell/spheroid size were analyzed with GraphPad Prism 8
software, including frequency distribution and Gaussian distribution (D’Agostino-Pearson
omnibus normality test).

2.9.2 The line charts and violin plots of spheroid parameters (dmax, Spheroid volume, and Ig
volume) were plotted with GraphPad Prism 8 software.

2.9.3 The IC50 values and R? of the drug testing experiments were analyzed with GraphPad
Prism 8 software, while the maximum inhibitions were averaged according to the last three cell
viabilities at the 2" plateau phase with Excel 2016.

2.9.4 The unpaired t-tests of the spheroid formation parameters (dmax, g volume) were also

analyzed with GraphPad Prism 8 software.
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3 Results

3.1 Evaluation of LNCaP cell/spheroid growth in medium with variable FBS
concentrations

We first evaluated the LNCaP cell/spheroid growth in different FBS concentrations (2%, 5%,
7.5% and 10%) for 18 days. We found that no living cells/spheroids could be observed after the
tenth day (Figure 17. A3), when the LNCaP cells/spheroids were cultured in medium with 2%
FBS. However, for the LNCaP cells/spheroids cultured in the medium with 5% or 7.5% FBS,
the timepoint for no living cells/spheroids being observed was the fourteenth day (Figure 17.
B4/C4). With the LNCaP cells/spheroids cultured in medium with 10% FBS, living
cells/spheroids were observed, and the size of the cells/spheroids grew over time (Figure 17.
D1-D5). These results show that lower FBS concentrations are not suitable for the embedded
cultured LNCaP spheroids’ survival and growth. Therefore, all our subsequent experiments
based on 3D cultured LNCaP cells/spheroids were maintained in RPMI + 10% FBS + 1% PS.
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Figure 17. Representatlve images of LNCaP cells/spheroids cultured in varying FBS
concentration.
A1-A5: Images of LNCaP cells/spheroids cultured in 2% FBS on the 3rd, 7th, 10th, 14th, 18th
days; B1-B5: Images of LNCaP cells/spheroids cultured in 5% FBS on the 3rd, 7th, 10th, 14th,

18th days; C1-C5: Images of LNCaP cells/spheroids cultured in 7.5% FBS on the 3rd, 7th, 10th,
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14th, 18th days; D1-D5: Images of LNCaP cells/spheroids cultured in 10% FBS on the 3rd, 7th,
10th, 14th, 18th days.

3.2 Formation inconsistency of LNCaP spheroids in Matrigel

Single LNCaP cells were plated into the TC-treated 96-well black microplates according to the
3D embedded cell culture protocols (Subheading 2.3.1.1.1), and morphological changes from
single cells to spheroids were observed under the microscope over time. To clarify the
consistency of LNCaP spheroid sizes, we collected three parameters (long diameter/dmax,
spheroid volume, and Ig volume) at different time points (2, 4, 7, 10, 12, 14, 16, 18, and 21
days). Normality tests were performed to determine if the size of LNCaP spheroids was

normally distributed.

3.2.1 Formation inconsistency of LNCaP spheroids based on major diameter (dmax): For
both LNCaP cells/spheroids, we measured two diameters (dmax: major diameter, dmin: minor
diameter), of which the dmax has previously been shown to be a useful parameter to represent
the spheroids’ size(Shahi Thakuri et al., 2016). We chose to use a histogram (Figure 18) to
show the distribution of spheroids dmax. Frequency distribution and D’Agostino-Pearson
omnibus normality tests were performed in GraphPad Prism 8 to determine whether the dmax
fitted to a normal distribution. We found that all the dmax data at different time points passed the

normality test (P > 0.05), in which the p-value of the tenth day was 0.0547 (relatively close to
0.05) (Table 4).

Day 2 4 7 10 12 14 16 18 21
D'Agostino-Pearson 1.01 1.95 0.8864 5.814 1.059 3.379 2.508 0.5105 1.252
omnibus (K2)
p-value 0.6034 | 0.3773 0.642 0.0547 | 0.5888 | 0.1846 | 0.2853 | 0.7747 | 0.5347
Passed normality test Yes Yes Yes Yes Yes Yes Yes Yes Yes
(alpha=0.05)?

Table 4. Results of the normality tests for LNCaP cells/spheroids at different time points
(dmax).
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Figure 18. Histogram of dmax of LNCaP spheroids from day 2 to day 21.

3.2.2 Formation inconsistency of LNCaP spheroids based on spheroid volume: The volume
is another parameter representing the size of LNCaP spheroids. The LNCaP spheroid volume
can be calculated as V=1 X dmax %dmin? / 6, according to the literature(Ballangrud et al., 1999).
We also used the histogram (Figure 19) to show the distribution of spheroid volume. Frequency
distribution and D’ Agostino-Pearson omnibus normality tests showed that the data at days 10,
16, 18, and 21 did not pass the normality test (P < 0.05) (Table 5).

Day 2 4 7 10 12 14 16 18 21
D'Agostino-Pearson 0.1069 | 0.3103 2.676 * 0.7963 5.601 7.453 6.231 *
omnibus (K2)
p-value 0.948 0.8563 | 0.2624 * 0.6715 | 0.0608 | 0.0241 | 0.0443 *
Passed normality test Yes Yes Yes No Yes Yes No No No
(alpha=0.05)?

Table 5. Results of the normality tests for LNCaP cells/spheroids at different time points

(volume).

*: Gaussian was interrupted in GraphPad Prism 8, which means the data simply does not fit the model (according to the

GraphPad Prism 8 User Guide: https://www.graphpad.com/guides/prism/8/curve-

fitting/req_analysischeck nonlin_interrupted.htm?g=interrupted).



https://www.graphpad.com/guides/prism/8/curve-fitting/reg_analysischeck_nonlin_interrupted.htm?q=interrupted
https://www.graphpad.com/guides/prism/8/curve-fitting/reg_analysischeck_nonlin_interrupted.htm?q=interrupted
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Figure 19. Histogram of the volume of LNCaP spheroids from day 2 to day 21.

3.2.3 Formation inconsistency of LNCaP spheroids based on spheroid Ig volume: The
results above show that the LNCaP spheroid volumes at some time points did not pass the
normality test, in particular when the spheroids were big. One explanation might be the long
span of spheroid volume by time. Therefore, we performed frequency distribution and
D’ Agostino-Pearson omnibus normality tests to evaluate whether the Ig volume (logio volume)
values fit the normal distribution (Figure 20). Almost all the Ig volume of the LNCaP spheroids
passed the normality test at different time points, except day 2 and day 18.

Day 2 4 7 10 12 14 16 18 21
D'Agostino-Pearson | 7.852 [ 3.551 | 0.8613 | 0.716 | 0.4944 [2397 [ 1387 [10.02 | 0.3856
omnibus (K2)
p-value 0.0197 [ 0.1694 [ 0.6501 | 0.6991 | 0.781 | 0.3017 | 0.4998 [ 0.0067 | 0.8246
Passed normality test No Yes Yes Yes Yes Yes Yes No Yes
(alpha=0.05)?
Table 6. Results of the normality tests for LNCaP cells/spheroids at different time points (Ig

volume).
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Figure 20. Histogram of Ig volume of LNCaP spheroids from day 2 to day 21.

3.2.4 Variations in the size of LNCaP cell/spheroid distribution

According to the results above, we found that the peak of each parameter’s distribution moves
from the left to the right (small size to large size) over time. Almost all the cells were single
initially, and most of them became spheroids at day 21. The difference between the volumes of
the biggest and smallest LNCaP spheroids was 7.241 times (2377 vs. 17214 um?) on the second
day, and 8433 times (3730 vs. 31465801 um?®) on the twenty-first day. Single LNCaP cells
could still be observed on day 21 (Figure 21. D), even though the percentage of single cells was
relatively low. For the three parameters we used to describe the spheroid size, the mean value
of dmax for LNCaP spheroids cultured at day 21 became 6.587 times than that of single LNCaP
cells (168.5 vs. 25.58 um). The difference between the lg volume of spheroids was only 1.681
times (6.360 vs. 3.784). The frequency distributions and D’Agostino-Pearson omnibus
normality tests described above showed that mostly dmax and lg volume were normally
distributed, while 4/9 of the data on the spheroid volume did not pass the normality tests. Based
on the above results, we chose each parameter’s median to describe the size of the LNCaP

cells/spheroids in the following evaluation of LNCaP cell/spheroid growth kinetics.

34



100 ym 100 ym

100 pm
e

Figure 21. Images of LNCaP cells and spheroids on day 2 and day 21.
A. Image of the smallest LNCaP cell on day 2 (red arrow). B. Image of the median LNCaP cell
on day 2 (red arrow). C. Image of the biggest LNCaP cell on day 2 (red arrow). D. Image of
the smallest LNCaP cell and spheroid on the day 21 (red arrow, still single cell). E. Image of
the median LNCaP cell and spheroid on day 21 (red arrow). F. Image of the biggest LNCaP
cell and spheroid on the day 21 (red arrow).

3.3 Growth Kinetics of 3D-embedded LNCaP cells/spheroids

In contrast to the proliferation of 2D cultured cells, the growth of LNCaP cells/spheroids in
Matrigel was evaluated as increases in spheroid size. To show the continuous changes of the
LNCaP cells/spheroids, we used three parameters (long diameter/dmax, spheroid volume, and Ig
volume) to describe the size of the LNCaP spheroids. The line chart of each parameter was used
to show the growth curves, while the violin plots also showed the frequency distribution. Instead
of the mean, the median was used to describe the size of the LNCaP spheroids, since not all
data were normally distributed.

3.3.1 Growth kinetics of 3D-embedded LNCaP cells/spheroids based on dmax: As shown in
Figure 22A (the line chart of dmax), Figure 22B (the violin plots of dmax), and the cell/spheroid
images below, the LNCaP spheroids were initiated from single LNCaP cells, and kept single at
days 2 and 4. The formation of LNCaP spheroids could be observed from the seventh day. The
images represent the median-sized spheroids at various time points.
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Figure 22. Growth kinetics of 3D embedded LNCaP cells/spheroids (dmax).

3.3.2 Growth Kinetics of 3D-embedded LNCaP cells/spheroids based on spheroid volume:
The trends of LNCaP cell/spheroid volume were similar to the dmax. However, the line chart
(Figure 23. A) and violin plots (Figure 23. B) could not display the cell/spheroid size initially

since the volume span was much greater than the dmax, resulting in volumes too close to the X-
axis.
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Figure 23. Growth kinetics of 3D embedded LNCaP cells/spheroids (volume).

3.3.3 Growth kinetics of 3D-embedded LNCaP cells/spheroids based on spheroid Ig
volume: According to the results above, the volume could not display the growth kinetics
effectively. Therefore, we next evaluated the Ig volume of the LNCaP cells/spheroids to show
the growth kinetics. The Ig volume seems to be a useful parameter to display the LNCaP

cells/spheroids and for the evaluation of growth kinetics (Figure 24).
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Figure 24. Growth kinetics of 3D embedded LNCaP cells/spheroids (Ig volume).
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3.4 Evaluation of Matrigel stability according to the images under the microscope

Most of our subsequent 3D drug testing experiments were based on LNCaP spheroids cultured
for 2-3 weeks in Matrigel. Before the drug testing experiments, we performed a long term 3D-
embedded LNCaP spheroid culture experiment to evaluate the stability of Matrigel in the TC-
treated 96-well black microplates. The LNCaP cells/spheroids in Matrigel were checked daily
with a microscope, and we found that the Matrigel was not stable after day 21. Some concaves
were observed in the Matrigel, where some spheroids were previously localized (Figure 25. C).
We also acquired an image that contained the concave and escaped spheroids (Figure 25. D,

yellow arrow). The formation of the concaves might result from two factors: O The Matrigel
was not stable enough for a long-term culturing. @ The space for LNCaP spheroids, which

accommodated single LNCaP cells when plating, could not effectively accommodate the large-
sized spheroids. Therefore, culturing beyond three weeks might not be suitable for LNCaP

spheroid experiments.
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Figure 25. Representative images of Matrigel from 1 week to 3 weeks.

A: Image of Matrigel at 1 week of culture. B: Image of Matrigel after 2 weeks of culture.
C: Image of Matrigel at 3 weeks of culture: some concaves (red arrow) could be observed.
D: Image of Matrigel at 3 weeks: the concave (red arrow) and the escaped spheroids (yellow

arrow) were observed in the same image.
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3.5 Susceptibility of LNCaP cells/spheroids exposed to docetaxel / JQ1 treatment

3.5.1 Evaluation of the LNCaP cell viability exposed to DMSO: CellTiter Glo assays were
performed to analyze the LNCaP cell viability exposed to different DMSO concentrations,
which represented the DMSO concentrations in the subsequent drug testing experiments
(Subheading 2.6.1). We found that DMSO did not significantly inhibit the cell viability in
concentrations ranging from 5x107 % to 510 % (Figure 26).
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Figure 26. LNCaP cell viability exposed to DMSO.
A. LNCaP cell viability exposed to different DMSO concentrations. B1-B7. Images of
LNCaP cells exposed to different DMSO concentrations for 5 days: B1: 0 (NC), B2: 5x<10°
" %, B3: 5x10° %, B4: 510 %, B5: 510 %, B6: 510 %, and B7: 5x102 %.

3.5.2 Susceptibility of 2D/3D LNCaP cells exposed to docetaxel / JQ1 treatment
According to our previous results (Subheading 3.3.1), the LNCaP cells were still single in
Matrigel when cultured for two days. We first carried out the experiments to compare any
significant differences between the drug testing experiments based on 2D-cultured LNCaP cells
and 3D-embedded cultured LNCaP cells.

3.5.2.1 Susceptibility of 2D/3D LNCaP cells exposed to docetaxel treatment

The drug testing experiments based on 2D- and 3D-cultured LNCaP cells were performed in
the same plates, and all tests were performed in triplicate. The IC50 values and R? were
analyzed using GraphPad Prism 8 software, and the maximum inhibitions were averaged in
Excel 2016 according to the last three cell viabilities at the second plateau phase. All IC50
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values of 3D-cultured LNCaP cells were slightly higher than those of corresponding 2D-
cultured LNCaP cells (Figure 27. G). The images of the cells showed that the proliferation of
2D-cultured cells was significantly inhibited by docetaxel at high concentrations, while the
inhibition of 3D-cultured cells was reflected both in cell numbers and spheroid sizes (Figure
28). There were almost no living 2D-cultured cells after five days of exposure to 32nM
docetaxel, while some living 3D-cultured cells could still be observed. In the IC50 curves, the
second plateau phase of the 3D-cultured cells was much higher than that of the 2D-cultured
cells, and the IC50 curves of the 3D-cultured cells were much flatter than those of the 2D-
cultured cells. We additionally analyzed the maximum inhibition (the mean values of the cell
inhibitions at the highest three concentrations at the second plateau phase) and R? (quantifying
the goodness of fit) for each IC50 curve. The maximum inhibition values of the 3D drug testing
experiments were lower than corresponding 2D drug testing experiments (Figure 27. H), and

the R? values of 3D drug testing experiments were also lower (Figure 27. I).
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Figure 27. Susceptibility of 2D/3D LNCaP cells exposed to docetaxel treatment.

A-C. Drug testing experiments on 2D cultured LNCaP cells exposed to varying docetaxel
concentrations: the I1C50 values were 2.455 nM, 2.288 nM, and 2.545 nM. D-F. Drug testing
experiments of 3D cultured LNCaP cells exposed to varying docetaxel concentrations: the 1C50
values were 2.775 nM, 3.625 nM, and 2.805 nM. G. Results of the permutation test of IC50. H.

Maximum inhibition values. I. R-squared values.
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Figure 28. Images of drug testing experiments based on 2D/3D LNCaP cells exposed to
docetaxel treatment.

A0-A9. Images of drug testing experiments based on 2D-cultured LNCaP cells exposed to
varying docetaxel concentrations. AO: Image of negative control without docetaxel; A1-A9:
Images of the LNCaP cells exposed to varying docetaxel concentrations for five days (0.125
nM, 0.25 nM, 0.5 nM, 1 nM, 2 nM, 4 nM, 8 nM, 16 nM, and 32 nM). B0-B9. Images of drug
testing experiments based on 3D-cultured LNCaP cells exposed to varying docetaxel
concentrations. BO: Image of negative control without docetaxel; B1-B9: Images of the LNCaP
cells exposed to varying docetaxel concentrations for five days (0.125 nM, 0.25 nM, 0.5 nM, 1
nM, 2 nM, 4 nM, 8 nM, 16 nM, and 32 nM).

3.5.2.2 Susceptibility of 2D/3D LNCaP cells exposed to JQ1 treatment

The protocols of JQ1 drug testing experiments based on 2D- and 3D-cultured LNCaP cells were
equal to the protocols described above for docetaxel. The differences in IC50 values between
2D and 3D LNCaP cells were not significant (Figure 29. A-F). The cell images also showed
that JQ1 significantly inhibited the proliferation of 2D-cultured cells at high concentrations
(Figure 30. A0-A9). In contrast, the inhibition of 3D-cultured cells was reflected in cell numbers
and spheroid sizes (Figure 30. B0-B9). We did not describe the maximum inhibitions since the

second flatforms of the JQ1 drug testing experiments were not complete with the highest JQ1
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concentrations. We also found that the R? of 2D drug testing experiments were higher than in
corresponding 3D drug testing experiments (Figure 29. H).
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Figure 29. Susceptibility of 2D/3D LNCaP cells exposed to JQ1 treatment.
A-C. Drug testing experiments on 2D-cultured LNCaP cells exposed to varying JQ1
concentrations: the IC50 values were 677.8 nM, 752.4 nM, and 548.7 nM. D-F. Drug testing
experiments on 3D-cultured LNCaP cells exposed to varying JQ1 concentrations: the 1C50

values were 667.2 nM, 755.7 nM and 569.2 nM. G. IC50 values. H. R-squared values.

Figure 30. Images of drug testing experiments based on 2D/3D LNCaP cells exposed to JQ1

treatment.
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AO0-A9. Images of drug testing experiments based on 2D-cultured LNCaP cells exposed to
varying JQ1 concentrations: A0O. Image of negative control without JQ1; A1-A9: Images of the
LNCaP cells exposed to varying JQ1 concentrations for five days (16 nM, 32 nM, 64 nM, 128
nM, 256 nM, 512 nM, 1024 nM, 2048 nM, and 4096 nM). B0-B9. Images of drug testing
experiments based on 3D-cultured LNCaP cells exposed to varying JQ1 concentrations: BO:
Image of negative control without JQ1; B1-B9: Images of the LNCaP cells exposed to varying
JQ1 concentrations for five days (16 nM, 32 nM, 64 nM, 128 nM, 256 nM, 512 nM, 1024 nM,
2048 nM, and 4096 nM).

3.5.3 Susceptibility of embedded cultured LNCaP spheroid aliquots exposed to docetaxel
treatment

In some previous studies(Devarasetty et al., 2017; Skardal et al., 2015), aliquots of organoids
were seeded into the microplates at the beginning of the drug testing experiment to ensure
similar cell numbers in each well while plating. We also performed this protocol, based on
embedded cultured LNCaP spheroids, which is described in Subheading 2.6.5. We found that
the numbers and sizes of LNCaP spheroids were significantly unequal before docetaxel addition
(Figure 31. B1-B6), and the cell viability did not fit the IC50 curve (R?=0.2957). The standard
deviation (SD) of this curve was much higher than the SD of the 2D and 3D LNCaP cell drug
testing experiments described above and the spheroid drug testing experiments described below
(Figure 31. A). The I1C50 values were much lower than the other drug testing experiments based
on LNCaP spheroids described below. Based on these results, we decided that the protocol
based on the aliquots of LNCaP spheroids embedded in Matrigel was not the right choice for
LNCaP spheroid drug testing.
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Figure 31. Susceptibility of embedded cultured LNCaP spheroid aliquots exposed to
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docetaxel treatment.

A. IC50 curve of the embedded cultured LNCaP spheroid aliquots exposed to docetaxel
treatment: 1C50=2.696 nM, R?=0.2957. B1-B6. Images of the LNCaP spheroid aliquots before
docetaxel addition. CO-C9. Images of drug testing experiments based on embedded cultured
LNCaP spheroid aliquots exposed to varying docetaxel concentrations: CO: Image of negative
control well without JQ1; C1-C9: Images of the embedded cultured LNCaP spheroid aliquots
exposed to varying docetaxel concentrations for 5 days (0.5 nM, 1 nM, 2 nM, 5 nM, 10 nM, 20
nM, 30 nM, 50 nM, and 100 nM).

3.5.4 Susceptibility of LNCaP floating spheroids exposed to docetaxel treatment

Unlike the embedded cultured LNCaP cells/spheroids in TC-treated 96-well microplates, the
different-sized spheroids were harvested quicker from the low attachment U-bottom 96-well
spheroid microplates based on different cell numbers while plating. We first evaluated the

spheroid formation based on different LNCaP cell plating numbers (Subheading 2.3.2 &

2.6.6.1), and then performed the drug testing experiments according to the protocol described
in Subheading 2.6.6.2.
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3.5.4.1 Evaluation of floating LNCaP spheroid formation based on different cell numbers
while plating in spheroid microplates: The images showed that LNCaP spheroids were
formed 24 hours after cell plating, and that they grow over time. Regular spheroids were
observed in the wells with 312 - 2500 LNCaP cells/well while plating.

Figure 32. Representative images of LNCaP spheroids in spheroid microplates.
Al1-J1. Images of LNCaP cells (cells plating): Al: 312 cells/well, B1: 625 cells/well, C1: 1250
cells/well, D1: 2500 cells/well, F1: 5000 cells/well, G1: 10 cells/well, H1: 2>10* cells/well, 11:
4x10%* cells/well, J1: 8x10* cells/well, and K1: 16x<10* cells/well. A2-J2. Images of LNCaP
spheroids (24 hours after plating): Al: 312 cells/well while plating, B1: 625 cells/well while
plating, C1: 1250 cells/well while plating, D1: 2500 cells/well while plating, F1: 5000 cells/well
while plating, G1: 10* cells/well while plating, H1: 2><10* cells/well while plating, I11: 4x<10*

cells/well while plating, J1: 8x<10* cells/well while plating, and K1: 16x<10* cells/well while
plating. A3-J3. Images of LNCaP spheroids (3 days after plating): Al: 312 cells/well while
plating, B1: 625 cells/well while plating, C1: 1250 cells/well while plating, D1: 2500 cells/well
while plating, F1: 5000 cells/well while plating, G1: 10* cells/well while plating, H1: 2x10*
cells/well while plating, 11: 4x<10* cells/well while plating, J1: 8>10* cells/well while plating,
and K1: 16x10* cells/well while plating. A4-J4. Images of LNCaP spheroids (7 days after
plating): Al: 312 cells/well while plating, B1: 625 cells/well while plating, C1: 1250 cells/well
while plating, D1: 2500 cells/well while plating, F1: 5000 cells/well while plating, G1: 10*
cells/well while plating, H1: 2x10* cells/well while plating, 11: 4x<10* cells/well while plating,
J1: 8x10* cells/well while plating, and K1: 16<10* cells/well while plating.

3.5.4.2 Susceptibility of floating LNCaP spheroids of variable size exposed to docetaxel
treatment
Two types of LNCaP spheroids were acquired based on 300 and 3000 LNCaP cells in the same

spheroid microplates. The experiments were tested in triplicate and showed that the 1C50 values
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of bigger LNCaP spheroids were higher than those of smaller spheroids. The R? values of bigger
LNCaP spheroids were 0.9378, 0.6223, and 0.949, and the R? values of smaller LNCaP
spheroids were 0.7433, 0.9319, and 0.9327. The maximum inhibition of the bigger and smaller
LNCaP spheroids in the first and third experiments showed similar results (Figure 33 A vs. D,
C vs. F), while the second experiment showed a higher maximum inhibition in the bigger
spheroids group (Figure 33 B vs. E). The images showed that the size of the LNCaP spheroids
was inhibited by docetaxel treatment, and some LNCaP spheroids exposed to higher docetaxel
concentrations (Figure 34) appeared loose and flat, in which case, the size of the spheroids in

the images under the microscope were not able to demonstrate the cell viability exactly.
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Figure 33. Susceptibility of floating LNCaP spheroids of variable sizes exposed to docetaxel
treatment.

A-C. Drug testing experiments on smaller LNCaP spheroids (300 cells/well while plating)

exposed to varying docetaxel concentrations: the 1C50 values were 6.990 nM, 5.631 nM, and

3.561 nM. D-F. Drug testing experiments on bigger LNCaP spheroids (3000 cells/well while

plating) exposed to varying docetaxel concentrations: the IC50 values were 31.16 nM, 17.56

nM, and 12.70 nM. G. I1C50 values. H. R-squared values.
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Figure 34. Images of drug testing experiments based on floating LNCaP spheroids of variable

sizes exposed to docetaxel treatment.

A0-A9. Images of drug testing experiments based on smaller LNCaP spheroids (300 cells/well
while plating) exposed to varying docetaxel concentrations: AO: Image of negative control
without docetaxel; A1-A9: Images of the LNCaP cells exposed to varying docetaxel
concentrations for five days (0.25 nM, 0.5 nM, 1 nM, 2 nM, 4 nM, 8 nM, 16 nM, 32 nM, and
64 nM). B0-B9. Images of drug testing experiments based on bigger LNCaP spheroids (3000
cells/well while plating) exposed to varying docetaxel concentrations: BO: Image of negative
control without docetaxel; B1-B9: Images of the LNCaP cells exposed to varying docetaxel
concentrations for five days (1 nM, 2 nM, 4 nM, 8 nM, 16 nM, 32 nM, 64 nM, 128 nM, and
256 nM).

3.5.5 Susceptibility of embedded cultured LNCaP cells/spheroids exposed to docetaxel
treatment

3.5.5.1 Susceptibility of LNCaP cells cultured in Matrigel for 4 days: Based on our previous
results, LNCaP cells remained single cells in Matrigel for 4 days (Subheading 3.3), and we
compared the susceptibility of the LNCaP cells cultured in Matrigel for two days with 2D-

cultured LNCaP cells, which showed similar 1C50 values but different R-squared/maximum
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inhibition values (Subheading 3.5.2.1). In this stage, we first cultured the LNCaP cells in the
Matrigel for 4 days and then exposed the cells to docetaxel. The IC50 values were 4.140, 5.553,
and 3.630 nM (Figure 35. A-C). The images also showed that the LNCaP spheroid formation
was inhibited by docetaxel (Figure 35. D0O-D9).
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Figure 35. Susceptibility of LNCaP cells cultured for 4 days in Matrigel to docetaxel
treatment.
A-C. Drug testing results. DO-D9. Images of drug testing experiments of LNCaP cells cultured
for four days in Matrigel exposed to varying docetaxel concentrations: DO: Image of negative
control without docetaxel; D1-D9: Images of the LNCaP cells exposed to varying docetaxel
concentrations for five days (0.25 nM, 0.5 nM, 1 nM, 2 nM, 4 nM, 8 nM, 16 nM, 32 nM, and
64 nM).

3.5.5.2 Susceptibility of LNCaP spheroids cultured in Matrigel for 7 days: Our previous
results indicated that small-sized LNCaP spheroids were formed in Matrigel when LNCaP cells
were cultured for seven days (Subheading 3.3). The drug testing experiments in this stage were
based on these small-sized spheroids instead of single LNCaP cells. The IC50 values in this
experiment were 9.903, 16.07, and 15.23 nM (Figure 36. A-C). The images showed that the
growth of LNCaP spheroids was inhibited by docetaxel, and some LNCaP spheroids exposed

to higher docetaxel concentrations appeared loose and flat (Figure 36. DO-D9).
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Figure 36. Susceptibility to docetaxel treatment of LNCaP spheroids cultured for 7 days in
Matrigel.
A-C. Drug testing results. D0-D9. Images of drug testing experiments in LNCaP spheroids
cultured for 7 days in Matrigel exposed to varying docetaxel concentrations: DO: Image of
negative control without docetaxel; D1-D9: Images of the LNCaP spheroids exposed to varying
docetaxel concentrations for 5 days (1 nM, 2 nM, 4 nM, 8 nM, 16 nM, 32 nM, 64 nM, 128 nM,
and 256 nM).

3.5.5.3 Susceptibility of LNCaP spheroids cultured in Matrigel for 14 days: Our previous
results indicated that LNCaP spheroids were formed in Matrigel when the LNCaP cells were
cultured for 14 days (Subheading 3.3). The drug testing experiments in this stage were based
on these LNCaP spheroids, and the IC50 values in this experiment were 31.38, 38.35, and 28.13
nM (Figure 37 A-C), much higher than those of 2D cells, 3D cells, and smaller spheroids. No
significant differences in the spheroids were observed in the images, while the LNCaP
spheroids exposed to higher docetaxel concentrations appeared loose and flat (Figure 37. DO-
D9).

48



1
A 3 B.,W ( 103%
20%
£ t r =
™ .
3 = 100% = T
3 . T *{ C50=31,38 M ] 2 . i - ICH0=28.13 v
> sy : I S o , _ g g
3 3 - 1G50=00.25 oM - >
8 e 1 3 0% L JRmo Sy 3 a --*"t +
L o ST o T L -
o o T " r T
1 18 100 08 1 10 100 1060 1 10 100 1080
) o o

treatment.

A-C. Drug testing results. D0-D9. Images of drug testing experiments in LNCaP spheroids
cultured for 14 days in Matrigel exposed to varying docetaxel concentrations: DO: Image of
negative control without docetaxel; D1-D9: Images of the LNCaP spheroids exposed to varying
docetaxel concentrations for 5 days (2 nM, 4 nM, 8 nM, 16 nM, 32 nM, 64 nM, 128 nM, 256
nM, and 512 nM).

3.5.5.4 Susceptibility of LNCaP spheroids cultured in Matrigel for 21 days: The LNCaP
spheroids cultured in Matrigel for three weeks were also used to evaluate the susceptibility to
docetaxel treatment. The mean values of the cell viability were all higher than 50%. Though we
elevated the maximum docetaxel concentration in the drug testing experiments from 256 nM to
2048 nM, the cell viability curves reached the second plateau phase before 50% (Figure 38. A-
C). No significant differences in the spheroids’ formation were observed in the images, and the
LNCaP spheroids exposed to higher docetaxel concentrations did not appear loose and flat in

these experiments (Figure 38. D0-D9).
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Figure 38. Susceptibility of LNCaP spheroids cultured for 21 days in Matrigel to docetaxel

treatment.
A-C. Drug testing results. D0-D9. Images of drug testing experiments in LNCaP spheroids
cultured for 21 days in Matrigel exposed to varying docetaxel concentrations: DO: Image of
negative control without docetaxel; D1-D9: Images of the LNCaP spheroids exposed to varying
docetaxel concentrations for 5 days (4 nM, 8 nM, 16 nM, 32 nM, 64 nM, 128 nM, 256 nM,
512 nM, and 1024 nM).

3.5.5.5 Parameters of 2D and 3D drug testing experiments

The 1C50 values and R-squared values of the drug testing experiments based on 2D LNCaP
cells and 3D-embedded cultured LNCaP cells were roughly the same (Subheading 3.5.2.1 and
3.5.2.2). However, the 3D-embedded cultured LNCaP cells’ maximum inhibition values were
much lower than that of 2D LNCaP cells. Additionally, we found that the 1C50 values and SD
values became higher according to the cell/spheroid size (Figure 39. A, D), while the R-squared
values and maximum inhibition become lower (Figure 39. B, C). Lower SD values were found
after the 1C50 was reached in the 1C50 curves than those of before it was reached (Figure 39.
D). Combined with the drug testing images, we concluded that this was because most of the
small-sized LNCaP spheroids died, resulting in the reduction of data volatility in different wells.
The IC50 curves also became flatter according to the cell/spheroid size (Figure 39. E-J), and

the lower R-squared values of the larger-sized spheroids also indicated poor goodness of fit.
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Figure 39. Parameters of the drug testing experiments based on 2D LNCaP cells and 3D
embedded cultured LNCaP cells/spheroids exposed to docetaxel and the IC50 curves with the
median R-squared values.

A. 1C50 values of 2D LNCaP cells and 3D-embedded cultured LNCaP cells/spheroids exposed
to docetaxel. B. R-squared values of 2D LNCaP cells and 3D-embedded cultured LNCaP
cells/spheroids exposed to docetaxel. C. The maximum inhibition of 2D LNCaP cells and 3D-
embedded cultured LNCaP cells/spheroids exposed to docetaxel. D. SD values of 2D LNCaP
cells and 3D-embedded cultured LNCaP cells/spheroids exposed to docetaxel. E-J. IC50 curves
with the median R-squared values: E: IC50 curve of 2D LNCaP cells exposed to docetaxel; F:
IC50 curve of 3D-embedded cultured LNCaP cells (cultured for 2 days before plating); G: IC50
curve of 3D-embedded cultured LNCaP cells (cultured for 4 days before plating); H: IC50 curve
of 3D-embedded cultured LNCaP spheroids (cultured for 7 days before plating); I: 1C50 curve
of 3D-embedded cultured LNCaP spheroids (cultured for 14 days before plating); J: IC50 curve

of 3D-embedded cultured LNCaP spheroids (cultured for 21 days before plating).

Two kinds of LNCaP spheroids were used in the above drug testing experiments: embedded

cultured LNCaP spheroids and floating spheroids. We also compared the images of embedded
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cultured spheroids and the floating spheroids exposed to 64 nM docetaxel. The floating
spheroids became loose and flat when exposed to 64 nM docetaxel for five days (Figure 40.
F2). However, the embedded LNCaP spheroids of a similar size exposed to 64 nM docetaxel
(Figure 40. E2) seemed roughly the same as the spheroids in negative control wells (Figure 40.
E1). These loose and flat spheroids were also observed with the small-sized spheroids (Figure
40. B2, C2), which were more drug-sensitive than large-sized spheroids in the drug testing

results.

- . ‘.Fﬁ
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.

Figure 40. Images of LNCaP cells and spheroids exposed to 64nM docetaxel treatment.
Al. Image of 3D-embedded cultured LNCaP cells (cultured for 2 days before docetaxel addition)
in negative control wells; A2. Image of 3D-embedded cultured LNCaP cells (cultured for 2
days before docetaxel addition) exposed to 64 nM docetaxel for five days. B1. Image of 3D-
embedded cultured LNCaP cells (cultured for 4 days before docetaxel addition) in negative
control wells; B2. Image of 3D-embedded cultured LNCaP cells (cultured for 4 days before
docetaxel addition) exposed to 64 nM docetaxel for five days. C1. Image of 3D-embedded
cultured LNCaP spheroids (cultured for 7 days before docetaxel addition) in negative control
wells; C2. Image of 3D embedded cultured LNCaP spheroids (cultured for 7 days before
docetaxel addition) exposed to 64 nM docetaxel for five days. D1. Image of 3D embedded
cultured LNCaP spheroids (cultured for 14 days before docetaxel addition) in negative control
wells; D2. Image of 3D embedded cultured LNCaP spheroids (cultured for 14 days before
docetaxel addition) exposed to 64 nM docetaxel for five days. E1. Image of 3D embedded
cultured LNCaP spheroids (cultured for 21 days before docetaxel addition) in negative control
wells; E2. Image of 3D embedded cultured LNCaP spheroids (cultured for 21 days before
docetaxel addition) exposed to 64 nM docetaxel for five days. F1. Image of floating LNCaP
spheroids in negative control wells; C2. Image of floating LNCaP spheroids exposed to 64 nM

docetaxel for five days.

3.6 Susceptibility of 2D/3D LNCaP cells exposed to docetaxel/JQ1 combination treatment
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3.6.1 Susceptibility of 2D LNCaP cells exposed to docetaxel and JQ1 combination
treatment by the diagonal method: The diagonal method was performed to evaluate whether
different concentrations of JQ1 could amplify the docetaxel-induced cell inhibition. We found
that 128 nM and 256 nM significantly amplified cell inhibition in comparison to docetaxel alone

(Figure 41. E, F).
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Figure 41. Diagonal method to evaluate whether variable concentrations of JQ1 could
amplify the cell inhibition caused by docetaxel.
A. Cell viability of 2D-cultured LNCaP cells exposed to varying docetaxel concentrations and
a fixed concentration of JQ1 (8 nM); B. Cell viability of 2D-cultured LNCaP cells exposed to
varying docetaxel concentrations and a fixed concentration of JQ1 (16 nM); C. Cell viabilities
of 2D cultured LNCaP exposed to varying docetaxel concentrations and a fixed concentration
of JQ1 (32 nM); D. Cell viabilities of 2D cultured LNCaP cells exposed to varying docetaxel
concentrations and a fixed concentration of JQ1 (64 nM); E. Cell viabilities of 2D cultured
LNCaP cells exposed to varying docetaxel concentrations and a fixed concentration of JQ1 (128
nM); F. Cell viabilities of 2D cultured LNCaP cells exposed to varying docetaxel

concentrations and a fixed concentration of JQ1 (256 nM).

3.6.2 Susceptibility of 2D and 3D LNCaP cells exposed to docetaxel and JQ1 combination
treatment: Based on the results described above, we performed a combination treatment to
evaluate the susceptibility of 2D and 3D LNCaP cells exposed to the docetaxel and JQ1
combination treatment. We found that JQ1 at 128 nM amplified the cell inhibition of docetaxel
single treatment in both the 2D-cultured LNCaP cells and the 3D-embedded cultured LNCaP
cells (Figure 42).
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Figure 42. Susceptibility of 2D and 3D LNCaP cells exposed to the docetaxel and JQ1
combination treatment.
A. Cell viability of 2D LNCaP cells exposed to 1 nM docetaxel and 128 nM JQ1 alone or in
combination. Al: Image of negative control without docetaxel and JQ1; A2: Image of 2D
LNCaP cells exposed to 1 nM docetaxel; A3: Image of 2D LNCaP cells exposed to 128 nM
JQ1; A4: Image of 2D LNCaP cells exposed to 1 nM docetaxel and 128 nM JQ1. B. Cell
viability of 2D LNCaP cells exposed to 2 nM docetaxel and 128 nM JQ1 alone or in
combination. B1: Image of negative control without docetaxel and JQ1; B2: Image of 2D
LNCaP cells exposed to 2 nM docetaxel; B3: Image of 2D LNCaP cells exposed to 128 nM
JQ1; B4: Image of 2D LNCaP cells exposed to 2 nM docetaxel and 128 nM JQ1. C. Cell
viability of 3D-embedded cultured LNCaP cells exposed to 1 nM docetaxel and 128 nM JQ1
alone or in combination. C1: Image of negative control without docetaxel and JQ1; C2: Image
of 3D-embedded cultured LNCaP cells exposed to 1 nM docetaxel; C3: Image of 3D-embedded
cultured LNCaP cells exposed to 128 nM JQ1; C4: Image of 3D-embedded cultured LNCaP
cells exposed to 1 nM docetaxel and 128 nM JQ1. D. Cell viability of 3D-embedded cultured
LNCaP cells exposed to 2 nM docetaxel and 128 nM JQL1 alone or in combination. D1: Image
of negative control without docetaxel and JQ1; D2: Image of 3D-embedded cultured LNCaP
cells exposed to 2 nM docetaxel; D3: Image of 3D embedded cultured LNCaP cells exposed to
128 nM JQ1; D4: Image of 3D embedded cultured LNCaP cells exposed to 2 nM docetaxel and

128 nM JQL1.
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3.6.3 LNCaP spheroid formation when exposed to docetaxel and JQ1 combination
treatment
3.6.3.1 Spheroid formation when exposed to docetaxel or JQ1 treatment alone
Our previous drug testing results based on 3D-cultured LNCaP cells suggested that the spheroid
formation could be inhibited by docetaxel and JQ1 treatment. To determine whether there are
any synergistic effects of docetaxel and JQ1, we first performed experiments in 24-well plates
to explore a suitable drug concentration for docetaxel and JQ1. We found that LNCaP spheroid
formation was significantly inhibited when exposing it to docetaxel concentrations higher than
0.5 nM or JQ1 concentration higher than 128 nM (Figure 43).
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Figure 43. LNCaP spheroid formation when exposed to docetaxel or JQ1 treatment alone.

A. LNCaP spheroid formation in complete growth medium without docetaxel or JQ1 for 14
days. B1-B5. LNCaP spheroid formation when exposed to varying docetaxel concentrations
(0.25 nM, 0.5 nM, 1 nM, 2 nM, and 4 nM) for 14 days. C1-C6. LNCaP spheroid formation
when exposed to varying JQ1 concentrations (8 nM, 16 nM, 32 nM, 64 nM, 128 nM, and 256
nM) for 14 days.

3.6.3.2 Spheroid formation when exposed to docetaxel and JQ1 combination treatment:
Based on the results above, we performed spheroid formation experiments by exposing the
spheroids to 0.5 nM docetaxel and 128 nM JQ1 alone or in combination treatment. We found
that the combination treatment significantly inhibited the LNCaP spheroid formations

compared with docetaxel or JQ1 alone (Figure 44).

A B
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Figure 44. Images of the median LNCaP spheroids exposed to docetaxel and JQ1
combination treatment.
A. Image of the median LNCaP spheroids cultured in complete growth medium without
docetaxel or JQ1 for 14 days. B. Image of the median LNCaP spheroids exposed to 0.5 nM of
docetaxel for 14 days. C. Image of the median LNCaP spheroids exposed to 128 nM of JQL1 for
14 days. D. Image of the median LNCaP spheroids exposed to docetaxel (0.5 nM) and JQ1 (128
nM) treatment for 14 days.

According to the previous results, dmax and Ig volume were good parameters for LNCaP
cell/spheroid size displaying and the evaluation of growth kinetics (Subheading 3.3). We
additionally collected the dmax and Ig volume data of 100 embedded cultured LNCaP spheroids
in each group (NC, treatment of 0.5 nM docetaxel, treatment of 128 nM JQ1, and the
combination treatment). GraphPad Prism 8 was used for the normality tests, unpaired t-test,

histograms, and violin plots.

3.6.3.2.1 dmax of LNCaP spheroids exposed to docetaxel and JQ1 for 14 days
The dmax distributions of the LNCaP spheroids for each group are shown in Figure 42 A-D. The
frequency distributions and D’Agostino-Pearson omnibus normality tests showed that all the

dmax data were normaly distributed (P > 0.05). Therefore, we used mean values of dmax t0

describe the size of the spheroids (Figure 45. F). The unpaired tests showed that the dmax of
LNCaP spheroids exposed to the combination treatment was significantly smaller than the dmax

in the docetaxel, JQ1, and NC groups (P < 0.0001, Figure 45. F). The same trends were also

observed in the violin plot of dmax (Figure 45. E) and the LNCaP spheroid numbers bigger than
the median spheroids in the NC group (Figure 45. G).

Group NC Docetaxel JQ1 Combination
D'Agostino-Pearson 1.761 5.019 1.46 0.2779
omnibus (K2)
p-value 0.4145 0.0813 0.4819 0.8703
Passed normality test Yes Yes Yes Yes
(alpha=0.05)?

Table 7. Results of the normality tests for LNCaP spheroids exposed to docetaxel/JQ1 for 14
days (dmax)-
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Figure 45. Analyses of spheroid distribution and spheroid size exposed to docetaxel or JQ1
alone or the combination treatment (according to dmax).
A. Histogram of dmax of LNCaP spheroids cultured in complete growth medium without
docetaxel or JQ1 for 14 days (NC group) (P=0.4145). B. Histogram of the dmax of LNCaP
spheroids exposed to 0.5 nM docetaxel (P=0.0813). C. Histogram of the dmax of LNCaP
spheroids exposed to 128 nM JQ1(P=0.4819). D. Histogram of the dmax of LNCaP spheroids
exposed to the combination treatment (0.5 nM docetaxel and 128 nM JQ1) (P=0.8703). E.
Violin plot of the LNCaP spheroids distribution. F. Mean values of the dmax 0f LNCaP spheroids
for each group (Mean with SEM) (****: P <0.0001). G. Numbers of LNCaP spheroids bigger

than the median spheroids in NC group (according to dmax).

3.6.3.2.2 Ig volume of LNCaP spheroids exposed to docetaxel and JQ1 for 14 days
The Ig volume distributions of the LNCaP spheroids for each group are shown in Figure 46 A-
D. The frequency distributions and D’ Agostino-Pearson omnibus normality tests showed that

all the Ig volume data were normally distributed (P > 0.05). The unpaired tests showed that the

Ig volume of LNCaP spheroids exposed to the combination treatment was significantly smaller

than the Ig volume in the docetaxel, JQ1, and NC groups (P < 0.0001, Figure 46. F). The same

trends were also observed in the violin plot of Ig volume comparison (Figure 46. E) and the

LNCaP spheroid numbers bigger than the median spheroids in NC group (Figure 46. G).

Group NC Docetaxel JQ1 Combination
D'Agostino-Pearson 2.836 2.13 0.1604 0.8124
omnibus (K2)

p-value 0.2422 0.3447 0.9229 0.6662
Passed normality test | Yes Yes Yes Yes
(alpha=0.05)?
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Table 8. Results of the normality tests for LNCaP spheroids exposed to docetaxel/JQ1 for 14

days (Ig volume).

Figure 46. Analyses of spheroid distribution and spheroid size exposed to docetaxel or JQ1
alone or the combination treatment (according to g volume).
A. Histogram of the Ig volume of LNCaP spheroids culturing in complete growth medium
without docetaxel or JQ1 for 14 days (NC group) (P=0.2422). B. Histogram of the Ig volume
of LNCaP spheroids exposed to 0.5 nM docetaxel (P=0.3447). C. Histogram of the Ig volume
of LNCaP spheroids exposed to 128 nM JQ1 (P=0.9229). D. Histogram of the Ig volume of
LNCaP spheroids exposed to the combination treatment (0.5 nM docetaxel and 128 nM JQ1)
(P=0.6662). E. Violin plot of the LNCaP spheroids distribution. F. Mean values of Ig volume
of LNCaP spheroids for each group (Mean with SEM) (****: P <0.0001). G. Numbers of

LNCaP spheroids bigger than the median spheroids in NC group (according to Ig volume).
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4 Discussion

Establishing preclinical cancer models which could precisely mimic in vivo cancer is critical to
novel anti-cancer drug research and development(Elbadawy et al., 2020). 3D organoid/spheroid
culture systems and PDX models more appropriately reflect cellular heterogeneity, cell-cell
interactions, and molecular divergence than 2D-cultured cell lines. However, the efficiency of
PCa organoid and PDX establishment is relatively low(Lin et al., 2014; Gao et al., 2014). PCa
spheroids based on suitable cell lines are also good choices in drug screening. Almost all of the
evaluation indices of drug screening have been based on 2D-cultured cells, which have shown
limitations in 3D drug testing experiments. In this study, we first evaluated the susceptibilities
of LNCaP cells and spheroids exposed to the same anti-cancer drug. We then performed

suitable protocols for the combination treatment of docetaxel and JQL1.

4.1 Formation inconsistency of embedded cultured LNCaP spheroids and suitable
parameters to describe the size of the LNCaP spheroids

One of the challenges of spheroid drug testing experiments is to conveniently mass produce
uniformly sized spheroids since the susceptibility for similar-sized spheroids shows
convergence(Shahi Thakuri et al., 2016). Therefore, we first explored the suitable culture
condition for LNCaP spheroids, and we then evaluated if the formation of embedded cultured
LNCaP spheroids were consistent. In contrast to some published literature(Hamaet al., 2015;
Ziaee and Chung, 2014; Song et al., 2003), our results indicate that 3D-embedded cultured
LNCaP cells cannot survive in medium with an FBS concentration lower than 7.5%. The cause
of this could be that the LNCaP cells were embedded cultured in Matrigel, which might serve
as a barrier between the cells and the complete growth medium. The embedded cultured LNCaP
spheroids started to form between the fourth to seventh day and grew over time. Unlike the
spheroid formation consistency in round-bottom microplates(Shahi Thakuri et al., 2016), we
found that the embedded cultured LNCaP spheroids in flat-bottom plates had a significant
formation inconsistency, since the differences in the size of the LNCaP spheroids gradually
widened over time. These results indicate that the capability of spheroid formation based on
single LNCaP cells was significantly different even though the cells were from the same cell
line with the same background genotype. Compared with dmax and Ig volume, the spheroid
volume seemed an unsuitable parameter to describe LNCaP cell/spheroid size. This is because
the large-sized spheroids were not normally distributed, and the small-sized cells/spheroids
could not be displayed significantly in the spheroid growth curves.
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4.2 Pros and cons of the drug testing protocols based on embedded culture LNCaP
spheroids, spheroid aliquots and floating spheroids

Two kinds of 96-well microplates (TC-treated microplates and U-bottom spheroid microplates)
are usually used in 3D drug testing experiments, which provide the embedded cultured
spheroids and floating spheroids with different drug diffusivity, frequency of cell proliferation,
and tightness of the packed cells. In this study, three drug testing protocols were evaluated for
the susceptibility of the 3D-cultured LNCaP cells and spheroids. The first protocol was based
on the embedded cultured single LNCaP cells with the same initial plating numbers. According
to the spheroid images and distribution results described above, the size of the LNCaP spheroids
was not consistent. The spheroid size was also restricted by the longest culturing time in
Matrigel, since the Matrigel became unstable after a long culturing time (Subheading 3.4). The
second protocol based on spheroid aliquots overcame the spheroid size limitation restrictions
due to the culturing time, while the spheroid sizes and numbers before drug addition varied
much more than those obtained with the first protocol. The SD values in the spheroid aliquot
experiments were much larger than those in the other protocols, showing that the different wells’
cell viabilities differed significantly. These factors could have resulted in inaccurate 1C50
values. The third protocol for drug testing was based on the floating spheroids from U-bottom
spheroid microplates, in which we were able to quickly harvest consistent LNCaP
spheroids(Shahi Thakuri et al., 2016). However, only one floating spheroid could be harvested
from each well, and the progress of spheroid formation based on single cells could not be easily
observed in this type of microplate. According to the images of the spheroids exposed to 64 nM
docetaxel (Subheading 3.5.5.5, Figure 40), the floating spheroids were more sensitive to
docetaxel than similar-sized embedded cultured LNCaP spheroids. The LNCaP spheroid
formation in the spheroid microplates was based on cell fusion within a shorter time frame, the
dynamic cell-cell and cell-matrix interaction of which should still be evaluated in future
experiments. There are some limitations to this part of the study. Firstly, we could not fully
distinguish whether the differences found originated from the Matrigel or variations in cell-cell
and cell-matrix interactions, since the floating spheroids were not embedded in Matrigel.
Secondly, the drug diffusivity, frequency of cell proliferation, and cell maturation ages of
different kinds of spheroids were not detected in this study, which should be assessed further in
future projects. Another limitation is that the maximum inhibition of the floating spheroids was
significantly different in same-sized spheroids (Subheading 3.5.4.2). More experiments should
be performed in spheroid microplates to confirm our results.
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4.3 Relationship between docetaxel susceptibility and the size of LNCaP cells and
spheroids

In this study, we described the IC50 curves of differently sized LNCaP cells/spheroids exposed
to docetaxel. The same cell line’s susceptibility exposed to docetaxel should be similar, but we
found that the IC50 values and the other parameters differ significantly in differently sized
LNCaP cells/spheroids. Several studies(Gao et al., 2015; Atefi et al., 2014; Godugu et al., 2013)
showed that 3D-cultured skin cancer cells generally showed greater resistance to many types of
cytotoxic drugs than 2D-cultured cells. Some 3D-cultured breast cancer cells display complete
resistance to paclitaxel, while producing a dose-dependent response in 2D-cultured
cells(Lemmo et al., 2014). More interestingly, another study(IMAMURA et al., 2015) in breast
cancer showed that spheroids based on BT-549, Bt-474, and T-47D cell lines were more
resistant to paclitaxel and doxorubicin than 2D-cultured cells, while the spheroids based on
MCF-7, HCC-1954, and MDA-MB-231 cell lines showed similar drug sensitivities in the
corresponding 2D-culture cells. One unpublished study(Berrouet et al., 2020) revealed that the
IC50 curves for both 2D and 3D cultures of fast proliferating cells mostly overlap. However,
for slowly proliferating cells, the IC50 curves for the 3D cultures attain higher half-inhibitory
values. The LNCaP cell line is one kind of slower proliferating cell line. Further studies should
also be performed to clarify if those differences in susceptibility can also be detected in fast
proliferating PCa cells. Another limitation of those experiments is that the differences in the
susceptibilities of the differently sized spheroids were evaluated based on inconsistently sized
spheroids instead of similar-sized spheroids, the latter of which should be further explored in
the future.

4.4 How should the susceptibility of 3D-cultured LNCaP cells/spheroids be evaluated?
As we described above, the same cell line’s susceptibility to the same anti-cancer drug should
be similar, but we might get different results from differently sized LNCaP cells/spheroids. So
how should we evaluate the susceptibility of 3D cultured LNCaP cells/spheroids?

2D cell culture was introduced as a tool for anti-cancer drug screening in the 1950s(EAGLE
and FOLEY, 1958) and has since become an essential part of preclinical drug discovery. 2D-
cultured cells are grown as a monolayer in plates and flasks, which provides a flat “full-on-
display” structure, different from cells in vivo. The drug testing experiments based on these flat
cells showed more sensitivity than 3D-cultured cells and PDX models. This is one reason why
the success rate of novel anti-cancer drugs selected by preclinical models is so low in clinical
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trials(Stock et al., 2016; Hay et al., 2014). 3D-cultured cells and PDX models provide more in
vivo-like preclinical models that better mirror in vivo responses(Duval et al., 2017), but the
efficiency of PCa organoid/PDX establishment has been relatively low(Gao et al., 2014; Shi et
al., 2019). Spheroids established from PCa cell lines with the same gene characteristics as PCa
tissues are another effective preclinical model in anti-cancer drug screening, but the suitable
experimental procedures and evaluation indexes are still in development.

Drug-dose-response curves are widely used to measure anti-cancer drug sensitivities(Berrouet
et al., 2020) and are developed based on drug testing work in 2D monolayer cultured cells.
Similar-sized cancer cells were covered with medium containing uniform drug concentrations
and cultured for a timeframe long enough for the cancer cells to passage 1-2 times, usually
resulting in plunges (around IC50 values) in the curves(Turner and Charlton, 2005; Hafner et
al., 2016). IC50 values were shown to be an imperfect evaluation index in 3D drug testing
experiments, which means that a multiparametric evaluation system should be established for
spheroids and organoids. Since there were no standard experimental protocols for assessing
spheroids’ susceptibility when exposed to anti-cancer drugs, we performed different
experiments based on embedded spheroids and floating spheroids. We found that the 1C50
values of the larger-sized LNCaP spheroids were much higher than those of 2D LNCaP cells,
3D-embedded cultured LNCaP cells, and small-sized spheroids. The maximum inhibition of
the spheroids increased with the size of the spheroids, and the cell viability did not decrease
below 50% when the size of the spheroids had become large enough. The R-squared values of
the larger-sized spheroids did not fit the IC50 curves. Nonuniformity of the size of spheroids
can result in different biological activities, so recently, great efforts have been made to produce
consistently sized spheroids/organoids in standard labware(Shahi Thakuri et al., 2016).
However, it is essential to note that, even if we could produce similarly sized spheroids, the
susceptibility to anti-cancer drug sensitivity would not be able to be evaluated by unfit curves.
The maximum inhibition and area under the dose-response curve have been shown to be
efficacy parameters to assess the susceptibility to drug testing in spheroids(Shahi Thakuri et al.,
2016). According to our results, the IC50 curves of 3D-embedded cultured LNCaP single cells
fit IC50 curves, but for the large-sized LNCaP spheroids with a low maximum inhibition and a
low R-squared value, the IC50 curves were not suitable for evaluating the susceptibility to the
drug. At the level of experimental operation, similar numbers of LNCaP cells could easily be
plated into each well when cell plating, though this is challenging to achieve in the protocol
based on spheroid aliquots. A limitation of the protocol based on 3D-embedded cultured LNCaP
cells is that it only allows evaluation of single LNCaP cells’ susceptibility, instead of LNCaP
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spheroids. In this study, we chose drug testing experiments based on 2D and 3D-embedded
LNCaP cells to evaluate the susceptibility to the docetaxel/JQ1 combination treatment. To
assess the susceptibility of LNCaP spheroids, we additionally performed LNCaP spheroid
formation experiments when exposed to docetaxel/JQ1 treatment to evaluate the inhibition of

spheroid formation.

4.5 JQ1 and docetaxel: a potential combination therapy for PCa

Since Prof. Huggins and Hodges first discovered the hormonal dependence of PCa in
1941(Huggins and Hodges, 1941), hormonal therapy has become the backbone of mPCa
treatments. A variety of strategies focusing on blocking androgen-AR signaling are available
to treat PCa, and most have been shown to induce significant tumor regressions and normalize
serum PSA levels(Lochrin et al., 2014). However, almost all patients with mPCa become
resistant to hormonal therapy and succumb to mCRPC. Deregulated androgen-AR signaling,
such as AR amplification, mutation, and alternative splicing, can drive CRPC
progression(Holzbeierlein et al., 2004), and at least one of these aberrations can be detected in
more than 50% of patients with CRPC(Asangani et al., 2014). Since resistance can be conferred
to PCa cells after various hormonal treatments, novel non-AR dependent therapeutic strategies
should be explored in the future.

JQ1 is a potent small-molecule inhibitor of BRD4, which has been shown to reduce the
transcription of AR target genes(Seton-Rogers, 2014). It can also reduce the proliferation of
PCa cells and organoids with known AR mutations, AR amplification, and AR-V7
expression(Welti et al., 2018). JQ1 is thought to be a potential novel PCa therapy to overcome
AR aberrant signaling, improving the outcome of patients beyond current PCa treatments(Welti
et al., 2018). However, new literature has shown that JQ1 can promote PCa invasion and
metastasis in a BET protein-independent manner when the PCa cell growth was
inhibited(Leiming Wang, 2020). Docetaxel is an effective anti-cancer drug for patients with
mPCa, and the effects of JQ1 can be synergistically amplified by docetaxel addition both in
vitro and in vivo in esophageal adenocarcinoma(Song et al., 2020). However, that synergistic
amplification was not observed when docetaxel was combined with a BRD4-proteolysis
targeting chimeric in breast cancer(Noblejas-Ldpez et al., 2019). In this study, we performed
drug testing experiments based on 2D and 3D preclinical models, which showed that JQ1 can
amplify the cell inhibition of the single docetaxel treatment. The same tendency was observed
in LNCaP spheroid formation. So, for the first time, we showed that JQ1 and docetaxel are a
potential combination therapy for patients with PCa. The limitation of these studies was that
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we only discovered a potential combination treatment for prostate cancer. Further projects
should systematically explore if the drug pair of JQ1 and docetaxel is synergistic (such as
miniaturized checkerboard assays), and its mechanism should also be explored in the future.

4.6 Conclusions

Our results identified the different fitness of 1C50 curves for 2D and 3D preclinical models, and
indicated a potential combination treatment (docetaxel and JQ1) for PCa patients. Specifically,
IC50 curves appear to be suitable for evaluating the susceptibility of 3D single LNCaP cells
exposed to docetaxel. However, for large-sized LNCaP spheroids, 1C50 curves may not be
suitable for assessing drug testing results’ susceptibility. More evaluation indices (such as
maximum inhibition) and experiments (such as spheroid formation) should be explored and
performed to evaluate the susceptibility systematically. Our results also indicated that JQ1 and

docetaxel might be a potentially successful combination treatment for patients with PCa.

4.7 Outlook

There has been a rapid development of BRD-inhibitors in recent years, and some have already
entered clinical trials(Algahtani et al., 2019). BET-inhibitors induce cytostatic, instead of
cytotoxic effects, which indicates that their combination with other drugs might be a better
strategy in cancer treatment(Pervaiz et al., 2018). JQ1, the ground-breaking BET-inhibitor drug,
is a new and effective treatment strategy for patients with mPCa. However, a recent study
showed that JQ1 promoted PCa invasion and metastasis in a BET protein-independent manner
when the PCa cell growth was inhibited(Leiming Wang, 2020), indicating that combining other
treatments with JQ1 might be more promising than JQ1 alone. Docetaxel could be one such
choice for a combination strategy, since it is an irreplaceable first-line systemic chemotherapy
drug for patients with mPCa. Our results suggest that JQ1 and docetaxel are a potentially
successful combination therapy for PCa. More experiments are needed to explore if these drugs
indeed act synergistically. The mechanism of action also should be explored, as better
understandings could lead to more rationally designed combinations of treatments. Other
combination strategies of future interest for JQ1 include hormonal therapies and PARP

inhibitors (such as olaparib).
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