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Abstract

Background

Neuroblastoma is the most common extracranial solid tumour in infants and children, accounting for
approximately 15% of paediatric cancer mortality. These tumours are unique in that a subset, namely stage MS,
frequently undergo spontaneous regression or differentiation. Differentiation therapy, where cancer cells are re-
routed back down their correct developmental pathway, is therefore a promising therapeutic avenue. We have
previously shown that the CDK4/6 inhibitor palbociclib induces both decreased proliferation and enhanced
neuronal differentiation of neuroblastoma cells in vitro. When combined with retinoic acid, already used

clinically for maintenance therapy, this differentiation is enhanced.

Methods

Here, we investigate two additional CDK4/6 inhibitors, abemaciclib and ribociclib, to induce differentiation of
the relapsed, high-risk MY CN-amplified neuroblastoma cell line SK-N-BE(2)C, with and without retinoic acid.
We culture SK-N-BE(2)C cells in both adherent and three-dimensional culture and monitor proliferation and

differentiation using readouts including live-imaging, immunocytochemistry, qRT-PCR and EdU incorporation.

Results
We find the CDK4/6 inhibitors palbociclib, abemaciclib and ribociclib all enhance retinoic acid-induced
differentiation in both adherent SK-N-BE(2)C cells and 3D spheroids.
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Conclusions
CDK4/6 inhibitors display a class effect in inducing neuronal differentiation together with retinoic acid, both in
adherent neuroblastoma cell lines and three-dimensional tumour spheroids. This is an important consideration

for potentially developing CDK inhibitor-induced differentiation as a therapy in the clinic.

Plain language summary

Neuroblastoma is the most common solid tumour outside of the brain in children and infants. These tumours
happen when developing cells in the sympathetic nervous system fail to specialise properly and begin dividing
uncontrollably. Rerouting neuroblastoma cells back down their correct pathway is a promising therapeutic

strategy that may present fewer long-lasting side-effects than therapies that directly kill cells.

We have previously found that a drug called palbociclib, which interferes with cell division and is used to treat
some types of breast cancer, triggers neuroblastoma cells to specialise into neurons. Combining this with retinoic
acid, a derivative of vitamin A already used to prevent neuroblastoma tumours regrowing, enhances this effect

cven more.

In this research article, we wanted to see if this effect is specific to the drug palbociclib. To do this, we test two
other drugs which interfere with cell division in the same way as palbociclib. We find that all three drugs,
together with retinoic acid, trigger aggressive neuroblastoma cells to specialise into neurons. These drugs
therefore have a ‘class effect’. This is important knowledge for developing this therapy from the bench to the

clinic, where the drug used must be balanced with factors such as efficacy, availability and cost.

1. Introduction

Neuroblastoma is the most common extracranial solid tumour in infants and children, accounting for
approximately 15% of paediatric cancer mortality. Novel, kinder therapies are desperately needed to treat
affected children while minimising long-term side-effects. Neuroblastoma is a disease of development gone
awry, where developing sympathoadrenal cells go down the wrong path. A subset of tumours, namely
International Neuroblastoma Risk Group (INRG) stage MS, frequently undergo spontaneous regression into
benign ganglioneuroma [1]. Re-routing neuroblastoma cells back down their correct developmental path is
therefore a promising therapeutic strategy. Previously we found that the CDK4/6 inhibitor, palbociclib (PB,
Ibrance, Pfizer; PD-0332991) both decreases proliferation and induces neuronal differentiation of adrenergic
(ADRN) neuroblastoma cells. When combined with retinoic acid (RA), already used clinically in high-risk
neuroblastoma as maintenance therapy for minimal residual disease, the oncogenic core regulatory circuitry was
reset, proliferation was further reduced, and differentiation further enhanced, compared to PB or RA treatment

alone [2].
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Dysregulation of the Cyclin D-CDK4/6-INK4-Rb pathway and subsequent unchecked cell proliferation, is a
common feature of human cancers; CDK4/6 activity is therefore a key target to attenuate tumour growth.
Palbociclib (PD-0332991, Pfizer) was the first CDK4/6-specific inhibitor to be discovered and to show clinical
efficacy [3-7]. Ribociclib (LEEO11, Novatis and Astex Pharmaceuticals) and abemaciclib (LY2835219, Eli
Lilly and Company) later followed. All three are now FDA-approved for combinatorial treatment of HR-
positive and HER2-negative breast cancers with endocrine therapy [8], each displaying unique in vitro
specificity, pharmacokinetics and clinical toxicity profiles [3]. For example, while abemaciclib is structurally
different from palbociclib and ribociclib, abemaciclib and ribociclib have shown a higher potency to CDK4 than
CDK6, while palbociclib shows no difference in potency between the two CDKs [9]. While all drugs are orally
available, palbociclib and ribociclib are dosed twice daily, with a dose interruption due to grade 3-4 neutropenia
observed in 60% of patients [10,11]; in contrast, abemaciclib is dosed twice daily, continuously, and while only
21% of patients experience grade 3-4 neutropenia, 10% develop a different side-effect of grade 3 diarrhoea

[3,10,11].

Several clinical trials are now ongoing investigating CDK4/6 inhibitors in paediatric cancers. For example, a
phase 1/ 2 study is underway to evaluate palbociclib in combination with irinotecan and temozolomide or in
combination with topotecan and cyclophosphamide in paediatric patients with recurrent or refractory solid
tumours (Clinical trials GovID: NCT03709680). The efficacy and safety of ribociclib in combination with
topotean and temozolamide (TOTEM) in paediatric patients with relapsed or refractory neuroblastoma and other
solid tumours is also being investigated (Clinical trials GovID: NCT05429502), as is abemaciclib in
combination with other treatments in children with solid tumours such as neuroblastoma (ClinicalTrials.gov
ID NCT04238819). In this study, we set out to investigate the ability of these three CDK4/6 inhibitors:
palbociclib (PB), abemaciclib (ABE) and ribociclib (RIBO), to induce differentiation of the relapsed, high-risk
MYCN-amplified neuroblastoma cell line SK-N-BE(2)C, with and without retinoic acid (RA). We find that
CDK4/6 inhibitors display a class effect in inducing neuronal differentiation together with retinoic acid, both in

two-dimensional and three-dimensional in vitro neuroblastoma cell cultures.

2. Methods

2.1 Cell line maintenance and drug treatment

Neuroblastoma cell lines SK-N-BE(2)C and SH-EP were cultured in DMEM-F12 with L-glutamine (Sigma,
D8437) with 10% FBS (PAN-Biotech, P40-37500) and 1% Penicillin-Streptomycin (Sigma, P0781), with media
refreshed every 2-3 days. At least every 3 months cells were confirmed to be Mycoplasma negative. Cells were
seeded as in [2] to induce aggregation into spheroids. On reaching 200-400 pum in diameter [12], drug treatment
of spheroids was commenced. All drugs were dissolved in DMSO (Santa Cruz, sc-358801). Palbociclib (PD-
0332991 HCI, SelleckChem, S1116) was used at 1 uM. All-trans retinoic acid (Sigma, R2625) was used at 10
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uM. Ribociclib (SelleckChem, S7440) was used at 2 uM. Abemaciclib (SelleckChem S5716) was used at 0.2
uM.

2.2 Immunocytochemistry

Cells were fixed with 4% paraformaldehyde (PFA, ThermoScientific, 15424389) for 10 min at room
temperature (RT) then incubated in PBST (PBS with Triton X-100 0.2% (Sigma, X100)) for 10 min at RT.
Following incubation in blocking solution (PBS-BSA 3% (Fisher BioReagents, BP9706-100) 0.2% Triton X-
100) for 1 hr at RT, cells were incubated overnight with primary antibody at 4 °C in blocking solution (TUBB3,
Biolegend 801202, 1:1000). Following washes in PBST, cells were incubated with secondary antibody (Thermo
Fisher Scientific, A11029) in blocking solution (1 hr, RT) and washed again. Nuclear counterstaining was
performed using DAPI (Abcam, ab228549) (1:10000 in PBST, 15 min, RT). Imaging was performed on a Leica
DMI  6000B  Matrix  microscope  with Leica LAS X  software  (https://www.leica-
microsystems.com/products/microscope-software/p/leica-las-x-1s/). Images were processed using F1J1, an open-
source platform for biological image analysis (version: 2.14.0/1.544f,
https://imagej.net/software/fiji/downloads). 3D spheroid cultures were stained using the same protocol.
Spheroids were mounted with ProLong Gold antifade reagent (ThermoFisher, P36930)) onto glass slides and
imaged on Andor Revolution Nikon spinning disk confocal. Spheroid images were processed in FIJI as

maximum intensity projections of Z stacks.

2.3 Western blotting

Protein lysates were prepared in RIPA buffer (Sigma, R0278) on ice for 20 min, followed by centrifugation
(13,000 rpm, 10 min). Following quantification using the BCA method (ThermoScientific, A55864), 15ug
protein was separated on a 4-12% BisTris gel (Invitrogen, NP0301) and transferred to a nitrocellulose membrane
(Bio-Rad, 1620115). Membranes were blocked with 5% milk-TBS-T (Serva, 42590) then incubated with
primary antibodies diluted at 1:1000 in blocking solution (RB, CST 9309S, pRB, CST 9308S, TBP, Proteintech
22006-1-AP) at 4°C overnight, followed by washing in TBST and incubation with HRP-linked secondary
antibodies at 1:10000 in blocking solution (Sigma, NA931 and NA934) for 1 hr at RT. Protein bands were
visualised on X-ray films after incubation with ECL chemiluminescent substrate (Thermo Fisher Scientific,

32132). Films were scanned and further processed using FIJI.

2.4 EdU incorporation assay

On the 4™ day of the 5-day drug treatment, media supplemented with 10 uM EdU was added to the cells for
24 hr. Fixation was performed in 4% PFA (10 min, RT). EdU staining was performed with the Click-iT EAU
assay kit (Life Technologies, 15224959), followed by DAPI nuclear counterstaining. After tiled imaging using
the Leica DMI 6000B Matrix microscope (~44 fields of view), FIJI image thresholding and particle analysis

functions were used to quantify % EdU positive cells.
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2.5 Confluence analyses and live-imaging

Confluence analysis and live-imaging were performed using the Incucyte® Live-Cell Analysis System
(Sartorius). For each treatment, technical triplicates on a 24-well plate were imaged every 6 hours for 5 days.
All live imaging was performed three times independently. Confluency was also visualised by crystal violet
staining. Cells were fixed in 6 well plates on day 5 with 4% PFA (10 min, RT), stained with 0.5% aqueous

crystal violet staining solution (Sigma, V5265 - 30 min, RT) and washed with deionised water.

2.6 Quantitative RT-PCR (qRT-PCR)

The RNeasy Mini kit (Qiagen, 74104) and QuantiTect Reverse Transcriptase Kit (Qiagen, 205311) were used
for RNA extraction and reverse transcription, respectively. qRT-PCR was performed on an Applied Biosystems
StepOne™ Real-Time PCR system using gene-specific primers (see Table S1, Extended data) and SYBR™
Green Master Mix (Applied Biosystems, A25742). Technical replicates were run to ensure pipetting accuracy
and data analysed using the ddCt method, normalised to the housekeeping gene, TBP. Data are shown as
mean +/- 95% CI Fold change, where fold change = 1 for the calibrator. Before data transformation, statistics

were performed and error bars calculated from ddCt values.

2.7 Statistical analysis

Statistical analyses were made on GraphPad Prism (version 10.2.2 for macOS, https://www.graphpad.com) from
at least three independent experiments unless noted (n numbers in figure legends). R is a free software
alternative. GraphPad Prism Viewer is free and allows visualisation of data, analyses and graphs. Different

passages of SK-N-BE(2)C plated in independent experiments were taken as biological replicates.

3. Results

3.1 The CDK4/6 inhibitors palbociclib, abemaciclib and ribociclib all reduce proliferation and induce

differentiation of adherent SK-N-BE(2)C neuroblastoma cells

We first set out to compare the effects of the three FDA-approved CDK4/6 inhibitors palbociclib (PB),
abemaciclib (ABE) and ribociclib (RIBO) on the ADRN-type neuroblastoma cells SK-N-BE(2)C. SK-N-
BE(2)C cells are derived from a relapsed tumour that is MYCN- amplified and therefore representative of high-
risk disease. Previously, a dosage of 1 uM palbociclib was used, a standard dosage used in cellular studies that
is similar to the IC50 [2]. We therefore ascertained the IC50 of ribociclib and abemaciclib in SK-N-BE(2)C
cells (2 uM and 0.2 uM, respectively) for comparison to palbociclib at 1 uM (Figure S1A, Extended data). An
indicator of successful CDK4/6 inhibition is reduced phosphorylation of RB, a tumour suppressor that blocks



172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

the G1-S transition [13]. We therefore first confirmed that SK-N-BE(2)C cells treated with PB, ABE or RIBO
for 24h resulted in RB hypo-phosphorylation (Figure 1 A). A reduction in total RB was also observed, as reported
in neuroblastoma cells upon CDK4/6 knock-down [14].

After 5 days of treatments with each CDK4/6 inhibitor, we observed a reduction in proliferation compared to
the DMSO control, seen by imaging and crystal violet analysis (Figure 1B,C). Previously, we observed neuronal
differentiation co-incident with reduced proliferation upon PB treatment, visible as neurite outgrowth [2]. We
also observed this phenomenon upon treatment of SK-N-BE(2)C cells with each of the three CDK4/6 inhibitors.
Live imaging showed a change of cell morphology during the 5-day treatment, accompanied by negligible cell
death (Movie S1, Extended data). The resulting morphology was also visible by immunocytochemistry for the
classical neuronal marker BllI-tubulin (TUBB3), whose expression increased upon CDK4/6 inhibition (Figure
1D). By contrast, MES-type neuroblastoma cells, SH-EP, did not show signs of neuronal differentiation with
any CDK4/6 inhibitor treatment, in agreement with our previous study (Figure S1B,C, Extended data). Together
these data show that the three CDK4/6 inhibitors palbociclib, abemaciclib and ribociclib are capable of reducing
proliferation and inducing differentiation of the neuroblastoma cell line SK-N-BE(2)C in vitro, without

extensive cell death.

3.2 The CDK4/6 inhibitors palbociclib, abemaciclib and ribociclib all enhance retinoic acid-induced

differentiation in adherent SK-N-BE(2)C cells

Retinoic acid (RA) has been found to epigenectically reset the core regulatory circuit of ADRN-type
neuroblastoma cells [15]. We found that dual treatment with retinoic acid and palbociclib further suppressed
proliferation and enhanced differentiation compared to either drug alone [2]. We therefore next sought to
determine if retinoic acid enhances differentiation in combination with palbociclib alone, or with other CDK4/6
inhibitors. For each of the three CDK4/6 inhibitors, CDK4/6 inhibition or dual treatment with retinoic acid
showed a greater decrease in proliferation compared to DMSO or RA alone as shown by crystal violet staining,
EdU analysis and live-imaging confluency analyses (Figure 2 A,B,D,E, Movie S2, Extended data). The decrease
in proliferation by each CDK4/6 inhibitor was consistently enhanced by combinatorial treatment with retinoic

acid.

Upon treatment with either CDK4/6 inhibitor alone, or in combination with RA, ICC showed an increase in
TUBB3 expression and neurite extension (compared to DMSO or RA treatment) (Figure 2C). qRT-PCR analysis
revealed a greater increase in expression of the differentiation marker STMN4, and a greater decrease in
expression of the proliferative markers E2F8, PLKI and FOXM]I [16,17], upon treatment of cells with each
CDK4/6 inhibitor plus RA, compared to treatment with each CDK4/6 inhibitor alone (Figure 2F).
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3.3 The CDK4/6 inhibitors palbociclib, abemaciclib and ribociclib all enhance retinoic acid-induced

differentiation in 3D SK-N-BE(2)C spheroids

Finally, we wanted to assess the effect of CDK4/6 inhibition on multicellular 3D tumour spheroids. We found
a decrease in spheroid growth upon treatment with each CDK4/6 inhibitor compared to DMSO, enhanced by
addition of retinoic acid (Figure 3 A,B). Immunostaining of spheroids for the neuronal marker TUBB3 revealed
morphological changes to cells and an increase in neurite extension with CDK4/6 inhibitor and CDK4/6i+RA
treatment (Figure 3C), compared to DMSO-treated controls. Finally, qRT-PCR analysis revealed a consistent
pattern of a greater increase in STMN4 expression, and a greater decrease in E2FS8, PLKI and FOXM1
expression, upon treatment of spheroids with each CDK4/6 inhibitor plus RA, compared to treatment with each
CDK4/6 inhibitor alone (Figure 3D). In summary, we find that CDK4/6 inhibitors display a class effect in
reducing proliferation and inducing neuronal differentiation together with retinoic acid, both in two-dimensional

and three-dimensional in vitro neuroblastoma cell cultures.

4. Discussion

We conclude that treatment of the neuroblastoma cell line SK-N-BE(2)C with any CDK4/6 inhibitor
(palbociclib, abemaciclib or ribociclib) at IC50 concentrations both reduces proliferation and induces
differentiation, without extensive cell death. Our results demonstrate that combining any of these CDK4/6
inhibitors with retinoic acid (RA) further inhibits cell cycling and enhances differentiation of SK-N-BE(2)C
cells in 2D and 3D, compared to treatment with each CDK4/6 inhibitor alone. We therefore conclude this is a
class effect; all CDK4/6 inhibitors have a combinatory effect with retinoic acid in inducing differentiation of

neuroblastoma cells.

CDK inhibitors have been extensively investigated for their ability to arrest proliferation in cancers where cell
cycle components are dysregulated. Previously, we hypothesised that by lengthening the G1 phase of the cell
cycle, palbociclib may provide a ‘phenotype switch’ trigger by increasing the available time for cell response
to differentiation cues [2,18,19]. Reduction of serum in cell culture media induces G1 arrest and is often used
in combination with retinoic acid to induce neuroblastoma cell differentiation in vitro [20]; we surmised that
palbociclib was providing a similar, albeit more potent, effect in triggering differentiation. Here, we find that
three independent CDK4/6 inhibitors all induce neuroblastoma differentiation, confirming the hypothesis that

G1 lengthening is a key mechanistic trigger for this process.

Importantly, all three inhibitors show a combinatorial effect in enhancing differentiation when combined with
retinoic acid, already used in maintenance therapy to treat minimal residual disease in high-risk neuroblastoma

cases. On potentially developing CDK inhibitor-induced differentiation as a therapy in the clinic, it will
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therefore be important to consider CDK4/6 inhibitors as a class, balancing their differentiation activity with

factors such as availability, cost, pharmacodynamics and toxicity profiles.
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Figurel A: Western Blot for RB and pRB with TBP loading control.

FigurelB and Figure2 A: Representative phase-contrast images.

FigurelC and Figure2B: Representative crystal violet staining images.

FigurelD and Figure 2C: Raw representative immunocytochemistry images, TUBB3 and DAPI staining.
Figure2D: GraphPad Prism file of raw % EdU counts and statistical analysis.

Figure2E: GraphPad Prism file of normalised confluency data from Incucyte® live-imaging and statistical
analysis.

Figure2F and Figure3D: GraphPad Prism file of raw qRT-PCR ddCt values, Mean + 95% CI values and
statistical analysis.

Figure3A: Representative phase-contrast images of spheroids at Day 0 and Day 7.

Figure3B: GraphPad Prism file of normalised spheroid areas and statistical analysis.

Figure3C: Raw representative immunocytochemistry images of spheroids, TUBB3 staining.

Extended data
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Zenodo: CDK4/6 inhibitors display a class effect in inducing differentiation of neuroblastoma cells.

https://doi.org/10.5281/zenodo.13850646 [21].

This project contains the following extended data:

Figure S1: related to Figure 1 (IC50 analysis for ABE and RIBO, phase-contrast and crystal violet images of
SH-EP treated with PB, ABE, RIBO or DMSO vehicle control for 5 days), legends for Movie S1 and S2, and
Table S1: qRT-PCR primer sequences.

FigureS1A: GraphPad Prism file of IC50 value calculation based on % confluency.

FigureS1B: Representative phase-contrast images.

FigureS1C: Representative crystal violet staining images.

Movie S1: Live imaging of SK-N-BE(2)C cells treated with PB, ABE, RIBO or DMSO vehicle control for 5
days. Related to Figure 1. Note: Figure 1 data forms part of dataset shown in Figure 2.

Movie S2: Live imaging of SK-N-BE(2)C cells treated with PB, ABE, RIBO, RA or a combination of
PB/ABE/RIBO + RA, or DMSO vehicle control for 5 days, related to Figure 2.

Data are available under the terms of the Creative Commons Attribution 4.0 International license (CC-BY 4.0).
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Figure 1 - The CDK4/6 inhibitors palbociclib, abemaciclib and ribociclib all reduce proliferation and
induce differentiation of adherent SK-N-BE(2)C neuroblastoma cells

A)

B)

)

D)

Western blot analysis of phospho-RB and total RB protein levels in SK-N-BE(2)C cells treated with
palbociclib (PB, 1 uM), abemaciclib (ABE, 0.2 uM), ribociclib (RIBO, 2 uM) or DMSO vehicle control for
24 h. TBP = housekeeping loading control. The same concentrations are used throughout the manuscript.
Representative phase-contrast images of SK-N-BE(2)C cells treated with palbociclib (PB), abemaciclib
(ABE), ribociclib (RIBO) or DMSO vehicle control for 5 days. Representative of n = 3 biological replicates.
Scale bar: 100 pm.

Crystal violet staining of SK-N-BE(2)C cells treated with palbociclib (PB), abemaciclib (ABE), ribociclib
(RIBO) or DMSO vehicle control for 5 days. Representative of n = 3 biological replicates. Scale bar: 1 mm.
Immunocytochemistry analysis of neuronal marker BIII-tubulin (TUBB3, green) expression in SK-N-
BE(2)C cells following 5 days of palbociclib (PB) , abemaciclib (ABE), ribociclib (RIBO) or DMSO vehicle
control treatment. Scale bar: 100 pum. DAPI nuclear counterstain (blue). Representative of n = 3 biological
replicates. Note: Figure 1 data forms part of dataset shown in Figure 2.

Figure 2 - The CDK4/6 inhibitors palbociclib, abemaciclib and ribociclib all enhance retinoic acid-
induced differentiation in adherent SK-N-BE(2)C cells

A)

B)

)

D)

E)

F)

Representative phase-contrast images of SK-N-BE(2)C cells treated with palbociclib (PB, 1 puM),
abemaciclib (ABE, 0.2 uM), ribociclib (RIBO, 2 pM), retinoic acid (RA, 10 uM) or a combination of
PB/ABE/RIBO + RA, or DMSO vehicle control for 5 days. Representative of n = 3 biological replicates.
Scale bar: 50 pm. The same concentrations are used throughout the manuscript.

Crystal violet staining of SK-N-BE(2)C cells treated with palbociclib (PB), abemaciclib (ABE), ribociclib
(RIBO), retinoic acid (RA) or a combination of PB/ABE/RIBO + RA, or DMSO vehicle control for 5 days.
Representative of n = 3 biological replicates. Scale bar: 1 mm.

Immunocytochemistry analysis of neuronal marker BIII-tubulin (TUBB3, green) expression in SK-N-
BE(2)C cells treated with palbociclib (PB), abemaciclib (ABE), ribociclib (RIBO), retinoic acid (RA) or a
combination of PB/ABE/RIBO + RA, or DMSO vehicle control for 5 days. Scale bar: 100 um. DAPI nuclear
counterstain (blue). Representative of n = 3 biological replicates.

Left: representative fluorescent images of EAU incorporation following a 24-h pulse in untreated SK-N-
BE(2)C cells and cells treated with palbociclib (PB), abemaciclib (ABE), ribociclib (RIBO), retinoic acid
(RA) or a combination of PB/ABE/RIBO + RA, or DMSO vehicle control for 5 days. Scale bars: 100 pm.
Right: analysis of % EdU-positive cells. Mean+ SD. n= 3 biological replicates, each in technical
triplicate. *p < 0.05; =p < 0.01, =*p < 0.001 one-way ANOVA with Tukey’s multiple comparison test.
Selected comparisons shown for ease of visualisation.

Confluence analysis SK-N-BE(2)C cells treated with palbociclib (PB), abemaciclib (ABE), ribociclib
(RIBO), retinoic acid (RA) or a combination of PB/ABE/RIBO + RA, or DMSO vehicle control for 5 days.
Mean = SD, n=3 biological replicates (each with n=3 technical replicates). Confluency presented as fold
change of day 0 reading, where day 0 reading = 1). *p < 0.05; »*p < 0.01, *»p < 0.001 one-way ANOVA
with Tukey’s multiple comparison test at Day 5 timepoint.

gRT-PCR analysis of STMN4, E2F8, PLKI and FOXM1 expression levels in SK-N-BE(2)C cells treated
with palbociclib (PB), abemaciclib (ABE), ribociclib (RIBO), retinoic acid (RA) or a combination of
PB/ABE/RIBO + RA, or DMSO vehicle control for 5 days. n = 3 biological replicates. Mean = 95% CI. *p
<0.05; »*p < 0.01, *»»p < 0.001; and =+p < 0.0001, one-way ANOVA with Tukey’s multiple comparison
test. Selected comparisons shown for ease of visualisation.

Figure 3 - The CDK4/6 inhibitors palbociclib, abemaciclib and ribociclib all enhance retinoic acid-
induced differentiation in 3D SK-N-BE(2)C spheroids

A)

Representative phase-contrast images of SK-N-BE(2)C spheroids at day 0 and day 7 of treatment with
palbociclib (PB, 1 uM), abemaciclib (ABE, 0.2 uM), ribociclib (RIBO, 2 pM), retinoic acid (RA, 10 uM)
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B)

®)
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or a combination of PB/ABE/RIBO + RA, or DMSO vehicle control, at the same concentrations used
throughout the manuscript. Scale bar: 500 pum.

Percentage SK-N-BE(2)C spheroid area at day 7 of treatment compared with day 0. n= 3 biological
replicates, with n = 12 spheroids per replicate, each represented by a single data point. *p < 0.05; =p <
0.01, *=*p < 0.001; and **p < 0.0001, one-way ANOVA with Tukey’s multiple comparison test. Selected
comparisons shown for ease of visualisation.

Immunofluorescence images of tumour spheroids stained for neuronal marker BIII-tubulin (TUBB3, green)
at day 7 of treatment. Scale shown for each individual image. Higher magnification images shown with
scale bar: 100 um. Representative of n=3 biological replicates.

gRT-PCR analysis of STMN4, E2FS8, PLKI and FOXMI expression levels in SK-N-BE(2)C spheroids
treated with palbociclib (PB), abemaciclib (ABE), ribociclib (RIBO), retinoic acid (RA) or a combination
of PB/ABE/RIBO + RA, or DMSO vehicle control for 7 days (~30 spheroids pooled per replicate, n = 3
biological replicates). Mean + 95% confidence interval (CI). *p < 0.05; »p < 0.01, **p < 0.001; and **p <
0.0001, one-way ANOVA with Tukey’s multiple comparison test. Selected comparisons shown for ease of
visualisation.
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