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Abstract 
In many cancers only a minority of cells within a tumor is driving tumor growth. 
These cells are called Cancer Stem Cells (CSCs) and are shown to be more resistant to 
chemotherapy and radiotherapy. CSCs may thus survive therapy and cause relapse of 
the disease. Previously we have described a single cell based assay to measure cell death 
in colon-CSCs. Here we use this assay to identify compounds that sensitize colon-
CSCs towards chemotherapy. By performing a small-sized screen we identify histone 
deacetylase (HDAC) inhibitors and show that inhibition of HDACs by-pass chemo-
therapy resistance in colon-CSCs. We demonstrate that this is due to a forced differ-
entiation induced by HDAC inhibitors. In agreement, the reported BCL-XL-dependent 
resistance of colon-CSCs is reverted by HDAC inhibitors sensitizing colon-CSCs 
towards BH3 mimetics. Combined this indicates that HDAC inhibitors differentiate 
colon-CSCs and thereby lower apoptotic threshold and enhance chemosensitivity.  
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Introduction 

Many cancers, including brain, mammary and colorectal cancers, are hierarchical organ-
ized with cancer stem cells (CSCs) at the top of the hierarchy  1-4. These CSCs are highly 
tumorigenic and, like their physiological counterpart, have the capacity to self-renew and 
to generate the differentiated lineages that make up a tumor 5. Another well-accepted char-
acteristic of CSCs is their selective resistance to a wide range of therapies 6. Several studies 
have reported the isolation of CSCs and their selective expansion in vitro 5, 7, 8. CSCs derived 
from patients with colon cancer can, under the right condition, form heterogeneous sphe-
roid cultures that consist of colon-CSCs and their more differentiated tumor cell progeny9. 
In these cultures colon-CSCs can be expanded and identified based on high WNT pathway 
activity using a TOP-GFP reporter construct 9. These colon-CSCs (WNThigh cells) are 
resistant towards chemotherapy, whereas the more differentiated offspring present in the 
same culture (WNTlow cells) are sensitive to chemotherapy 10. 
Several mechanisms have been reported to underlie this chemotherapy resistance, 
including enhanced anti-apoptotic protein expression, slow-cycling and high expres-
sion of drug efflux pumps.  In colon-CSCs we have shown that IL-4 neutralizing anti-
bodies can sensitize towards oxaliplatin treatment due to a block of IL-4 mediated 
anti-apoptotic proteins expression 8. In agreement, comparison of colon-CSCs with 
their more differentiated progeny revealed that apoptotic threshold in colon-CSCs is 
higher compared to their differentiated progeny and this underlines chemotherapy 
resistance of these cells 10. Apoptosis can therefore be facilitated by targeting anti-
apoptotic molecules with BH3 inhibitors like ABT-737 sensitizing colon-CSCs 
towards chemotherapy 10. Next to an elevated apoptotic threshold, CSCs also 
appear to employ drug efflux pumps to prevent cell death induction. For instance, 
it has been reported that expression of ATP-binding cassette transporter ABCB5 is 
restricted to CSCs in melanoma 11. Also in colon cancer ABCB5 is exclusively expressed 
by CSCs and knock down of ABCB5 sensitizes these cells to chemotherapy 12.  
Selective resistance of CSCs appears to be orchestrated by a distinct wiring of these 
cells as compared to their more differentiated progeny and several signaling pathways 
have been implicated in survival and maintenance of colon-CSCs. For instance, Notch 
signaling was reported to be crucial for colon-CSCs and its inhibition with neutralizing 
antibody against DLL4 leads to in vivo differentiation and sensitization to chemothe-
rapy 13. Similarly, a recent report indicates that PI3K signaling is important for viability 
and metastatic capacity of CD44v6 expressing metastatic colon-CSCs 14. Moreover, 
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BMP4, expressed by differentiated colon cancer cells, can inhibit WNT signaling in 
colon-CSCs and induce differentiation and thereby sensitization to oxaliplatin 15.   
Using the recently designed single cell-based assay and the obtained insight into anti-
apoptotic signalling in colon-CSC, we performed a small-sized screen to identify 
compounds that are able to modulate the resistance of colon-CSCs towards oxalipl-
atin. From this screen we discovered that histone deacetylase inhibitors effectively 
sensitize chemotherapy-resistant colon-CSCs to conventional chemotherapy. Our 
results demonstrate that inhibition of HDACs differentiates colon-CSCs and thereby 
enables apoptotic signaling . 
 
Small-sized screen identifies compounds that sensitize colon-
CSCs toward oxaliplatin
Recently, we described a FACS-based assay to measure cell death in colon-CSCs, 
which revealed that colon-CSCs display a BCL-XL-dependent resistance towards 
chemotherapy 6. Here we utilized this assay to perform a small-sized screen to iden-
tify compounds that sensitize colon-CSCs towards oxaliplatin. To this end a primary 
spheroid colon cancer culture, transduced with the TOP-GFP WNT pathway reporter, 
was treated with various pathway inhibitors in combination with oxaliplatin and cell 
death was measured specifically in colon-CSCs using TOP-GFP as a selection marker. 
A variety of validated inhibitors were included and categorized into different classes 
(for detailed information see supplementary Table 1). Two concentrations of each 
inhibitor were tested and cell death induced by the combination was compared to 
oxaliplatin treatment alone (Figure 1a). Interestingly, 2 compounds, vorinostat and 
panobinostat, stood out as they elevated oxaliplatin-induced cell death close to 4-fold. 
Both compounds are known HDAC inhibitors, indicating HDACs may be promising 
targets for colon-CSCs chemotherapy sensitization (Figure 1b).  

HDAC inhibition sensitizes colon-CSCs toward chemotherapy in 
vitro and in vivo
To confirm that inhibition of HDACs sensitized colon-CSCs to chemotherapy, various 
HDAC inhibitors were tested as a single agent and in combination with oxaliplatin. 
Intriguingly, all HDAC inhibitors tested were able to sensitize colon-CSCs towards 
oxaliplatin (Figure 1c), yet did not display significant toxicity by themselves. 
To further validate the effect of HDAC inhibition on chemotherapy-efficacy, in 
vivo experiments were performed with colon-CSCs induced xenografts. Mice, in 
which patient-derived CSC-induced tumors had developed, were treated for 4 
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weeks with either panobinostat or oxaliplatin alone or a combination of these 
drugs. This revealed a strong survival benefit for mice treated with panobinostat 
in combination with oxaliplatin, when compared to the single treatments. In 2 out 
of 8 mice the tumor even disappeared completely (Figure 1d). These findings indi-
cate that HDAC inhibitors improve chemotherapy response in vitro and in vivo.  

Figure 1: Small-sized screening identifies compounds that enhance oxaliplatin-induced cell death 
in colon-CSCs.  a)	Colon-CSCs	were	treated	with	two	concentrations	of	various	compounds	1	h	before	
oxaliplatin	treatment	was	started.	Caspase-3	activity	was	measured	in	colon-CSCs	24	h	later	and	rela-
tive	cell	death	is	calculated	by	comparing	to	oxaliplatin	treatment	alone.	Cell	death	is	represented	in	a	
heat	map	format.	The	complete	list	of	compounds,	concentrations	and	Fold	changes	observed	is	given	
in	sup	Table	1	b)	List	of	compounds	that	most	prominently	sensitize	colon-CSCs	towards	oxaliplatin.	c)	
Caspase-3	activity	measured	in	colon-CSCs	pre-treated	for	16	h	with	various	HDAC	inhibitors	(panobi-
nostat,	vorinostat	and	MS-275)	followed	by	24	h	oxaliplatin	treatment.	d)	Survival	curves	of	xenografts	
of	colon-CSCs	treated	with	panobinostat,	oxaliplatin	or	combination	of	both	drugs.	Grey	box	shows	the	
timescale	when	mice	were	treated.	
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HDAC inhibitors forces colon-CSCs to differentiate
It is well established that HDAC inhibitors increase acetylation of histones facilitating 
chromatin accessibility. In addition, a range of transcription factors is acetylated upon 
HDAC inhibition, which often changes their activity. Combined, HDAC inhibition 
therefore leads to a change in transcription, but non-transcription dependent effects 
have been reported as well 16. To investigate if modified transcription and subsequent 
translation was required for HDAC inhibitor-induced sensitization, transcription and 
translation were chemically blocked using Actinomycin D and Cycloheximide, respec-
tively. When either transcription or translation was blocked, inhibition of HDACs 
failed to sensitize colon-CSCs to oxaliplatin (Figure 2a), confirming that transcrip-
tional modification is key to change chemotherapy sensitivity in colon-CSCs. 
To gain further insight into the mechanism underlying sensitization, we therefore 
derived gene expression profiles of panobinostat or vehicle-treated colon-CSCs and 
differentiated cells. A list of the most up and down-regulated genes in colon-CSCs 
upon panobinostat treatment is represented in Figure 2b and supplementary Table 
2. Interestingly, KRT20, which is exclusively expressed in differentiated tumor cells, 
was highly expressed in colon-CSCs upon panobinostat treatment, suggesting 
that panobinostat may drive a differentiation phenotype. To further investi-
gate this possibility, a cluster analysis was performed using a previous published 
stem cell/differentiation signature 17. This signature consists of the most differ-
entially expressed genes between colon-CSCs and their differentiated progeny. 
Intriguingly, this analysis revealed that panobinostat treated colon-CSCs more 
closely cluster with differentiated tumor cells than with colon-CSCs (Figure 2c), 
suggesting that panobinostat treatment forced differentiation in colon-CSCs.  
The capacity to induce differentiation with HDAC inhibitors was supported by 
mRNA expression analysis of a typical stem cell marker, LGR5, and differentiation 
marker, KRT20 in colon-CSCs derived from different patients (Figure 3a and supple-
mentary Figure 1) and using also other HDAC inhibitors (Supplementary Figure 2). 
In addition, a reduction of the cell surface expression of stem cell markers CD133 
and LGR5 was observed in HDAC inhibitor treated colon-CSCs (Figure 3b). More 
importantly, colon-CSCs grown in Matrigel and exposed to medium containing 
HDAC inhibitors or, as previously shown, fetal calf serum (FCS) 8 led to strongly 
polarized, differentiated, structures that express KRT20 and were characterized by 
mucin-secretion into the central lumen (Figure 3c and Supplementary Figure 1). 
Similar findings were observed when cells were treated with vorinostat or MS-275 
(Supplementary Figure 2), confirming that HDAC inhibition drives morphological 
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differentiation with a concomitant loss of stem cell factors. To ascertain that this 
phenotypic differentiation is mirrored in a functional effect on stemness the sphere-
forming potential of HDAC inhibitor treated colon-CSC was determined (Figure 
3d). This revealed a nearly complete loss of clonogenic capacity providing further 
support for the notion that HDAC inhibitors force differentiation of colon-CSCs.  

Differentiation induction by HDAC inhibitors changes apoptotic 
threshold in colon-CSCs
The balance between anti-apoptotic BCL2 family proteins and pro-apoptotic BCL2 
and BH3 only family members determines therapy resistance towards different treat-
ments in various cancers 18, 19. In colon-CSCs we reported on a BCL-XL dependent 

Figure 2: Gene expression profiling reveals loss of stemcell signature upon panobinostat treatment. 
a)	Transcription	and	translation	was	inhibited	in	colon-CSCs	by	treating	with	cycloheximide	(CHX)	and		
Actinomycin	D	 (ActD)	 prior	 to	 panobinostat	 and	 oxaliplatin	 treatment.	 Caspase-3	 activity	 was	 subse-
quently	measured	in	colon-CSCs.	b)	Gene	expression	profiling	was	performed	on	colon-CSCs	and	differ-
entiated	cells	treated	with	DMSO	or	panobinostat.	Two	tables	showing	genes	that	display	elevated	(left)	
or	decreased	(right)	expression	in	colon-CSCs	upon	panobinostat	treatment.	c)	Previous	described	stem	
cell	signature	was	used	to	cluster	colon-CSCs,	colon-CSCs	treated	with	panobinostat	and	differentiated	
tumor cells 17.



148

Chapter 7

Figure 3: Inhibition of HDACs differentiates colon-CSC. a)	 Qrt-pcr	 for	 LGR5	 (left)	 or	 KRT20 
(right)	 on	 colon-CSCs	 treated	 with	 either	 DMSO	 or	 panobinostat.	 Relative	 expression	 to	 18s	 is	
shown.	b)	FACS	analysis	of	 panobinostat	 treatment	 reduces	CD133	and	LGR5	expression.	 c)	Colon-
CSCs	 in	 matrigel	 treated	 with	 DMSO,	 FCS	 or	 panobinostat.	 Mucin	 (Alcian	 blue)	 and	 KRT20	 stain-
ings	 are	 performed	 on	 slides.	 FCS	 treatment	 was	 used	 as	 a	 positive	 control	 for	 differentiation. 
d)	Quantification	of	non-polarized	structures	in	Matrigel	(see	Figure	4c)	e)	Limiting	dilution	assay	on	colon-
CSCs	treated	with	DMSO	or	panobinostat	for	24	h	prior	sorting.		
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Figure 4: Panobinostat restores apoptotic signaling in colon-CSCs. a)	Caspase	 3	 activity	meas-
urement	of	colon-CSCs	with	ectopically	overexpressing	of	BCLXL	(BCLXL)	or	control	(EV)	treated	with	
panobinostat	 in	 combination	with	 or	without	 oxaliplatin.	 b)	Colon-CSCs	 treated	with	 panobinostat	 and	
subsequently	with	increasing	dose	of	BCL2	family	inhibitor	ABT-737.	Caspase	3	activity	was	measured	in	
differentiated	tumor	cells,	in	colon-CSCs	and	in	colon-CSCs		treated	with	panobinostat.	c)	Half-maximum	
inhibitory	concentration,	 IC50	values,	 for	ABT-737	 in	differentiated	cells,	colon-CSCs,	and	colon-CSCs	
treated	with	panobinostat.	
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anti-apoptotic threshold that prevents chemotherapy-induced apoptosis and ectopic 
over-expression of BCL-XL blocks chemotherapy efficacy in differentiated colon 
cancer cells 10. Intriguingly, HDAC inhibitor-induced chemosensitization could also 
be blocked by BCL-XL, showing the importance of the mitochondrial apoptotic 
machinery for the observed effects (Figure 4a). To analyse whether differentiation 
induced by HDAC inhibition is aligned with a reduction of this BCL-XL-dependent 
treshold, colon-CSCs were treated with HDAC inhibitor and sensitivity towards 
the BCL2 family inhibitor ABT-737 was determined (Figure 4b). As shown before, 
colon-CSCs were more resistant to ABT-737 compared to their more differentiated 
progeny. Interestingly, HDAC inhibitor treated colon-CSCs became more sensi-
tive to ABT-737, displaying a similar IC50 as differentiated tumor cells (Figure 
4c). This reveals that HDAC inhibitors differentiate colon-CSCs and thereby 
lower the apoptotic treshold in colon-CSCs and thereby facilitate chemotherapy.  

Discussion 
With the use of a small scale screening effort we identified that HDAC inhibi-
tors sensitize colon-CSCs towards chemotherapy. This sensitization is a direct 
result of colon-CSC differentiation, which is related to decreased apoptotic resist-
ance. Several HDAC inhibitors are approved for treatment of T cell lymphoma. For 
instance, vorinostat and romidepsin are approved for treatment of cutaneous T-cell 
lymphoma 20, 21, while romidepsin and belinostat are also used as second line treat-
ment of peripheral T-cell lymphoma (PTCL) patients 22, 23. Furthermore, several 
HDAC inhibitors are undergoing clinical validation both as single agent and in 
combination treatment for various cancers including colorectal cancers (CRC) 24, 25.  
There are several observations that support a role for HDAC inhibitors in  treat-
ment of patients with CRC. First, HDAC1 and HDAC2 proteins are highly 
expressed in CRC and HDAC1 and HDAC2 expression is significantly associ-
ated with reduced patient survival 26. Further support came from the observation 
that adenomas in APCmin display elevated HDAC2 expression and treatment with 
HDAC inhibitor decreased polyp numbers and polyp size 27. Vice versa, HDAC2 
deficient mice crossed with APCmin mice develop less adenomas28. Combined 
these observations show that HDAC2 is important in CRC tumorigenesis. 
The role of HDAC1 and HDAC2 in normal intestinal homeostasis is also studied. 
Deletion of either HDAC1 or HDAC2 alone had no effect on intestinal physi-
ology. However, deletion of both HDACs in the intestinal epithelium leads to loss 
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of stem cells 29. This appears due to induction of differentiation as well as loss of 
stem cell marker expression was observed in in vitro mouse intestine organoid 
culture that were treated with MS-275 29. This is in line with our observations in 
colon-CSCs where we show that HDAC inhibitors differentiate colon-CSCs.   
We recently showed that an alternative method to induce CSC differentiation is to 
induce ER-stress and subsequent activation of the unfolded protein response (UPR). 
Previously,  other means have been reported that lead to differentiation and sensi-
tization of colon-CSCs. For example, BMP4 is able to differentiate colon-CSCs and  
increase their sensitivity to chemotherapy in SMAD4 wild-type cells 15. Moreover, 
inhibition of NOTCH signaling with neutralizing antibodies against DLL4 was shown 
to decrease tumor-initiating cell frequency and sensitize colon-CSCs to chemotherapy 13. 
To gain insight into the mechanism by which HDAC inhibition results in CSC differen-
tiation, we performed motif analysis studies on the HDAC inhibitor-treated CSCs and 
identified that Forkhead box O (FOXO) motifs were significantly enriched. This suggested 
that FOXO transcription factors are involved in the transcriptional changes observed. In 
agreement, when we knock down FOXO transcription factors, HDAC inhibitor-induced 
differentiation was blocked. This indicates that HDAC inhibitor-induced differentia-
tion is FOXO transcription factor dependent (data not shown) and we are currently 
investigating the mechanism by which HDAC inhibitors regulate FOXO proteins. 
Previously we have shown that colon-CSCs have higher apoptotic threshold and inhi-
bition of anti-apoptotic molecule BCL-XL sensitizes these cells to chemotherapy 10. We 
have also shown that de-differentiation of differentiated cells restores their stemness 
and also chemotherapy resistance. Also this chemoresistance in de-differentiated cells 
can be overcome by inhibition of BCL-XL 30. These data support the finding that 
differentiation of colon-CSCs results in loss of multiple stemness features, including 
therapy resistance. We therefore conclude that regulation of stem cell fate regulates 
apoptotic threshold and thereby chemotherapy resistance in colorectal cancers.  

Materials and Methods
Colon spheroid cultures 
Spheroid cultures were derived from primary tumors or liver metastasis of colorectal 
cancer patients and maintained in ultra-low adherent flasks (Corning). Cells were 
grown in advanced DMEM/F12 (Gibco) supplemented with N2 Supplement (Gibco), 
2 mM L-glutamine, 6 mg/ml glucose, 5 mM HEPES, 4 μg/ml heparin, 50 ng/ml 
epidermal growth factor (EGF) and 10 ng/ml basic fibroblast growth factor (bFGF). To 
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generate cultures with WNT pathway reporter, cells were lentiviral transduced with 
a TOP-GFP construct and were single-cell sorted in 96-well ultra-low adhesion plates 
(Corning) with FACSaria (BD Biosciences). This TOP-GFP vector was a gift from 
Dr. Laurie Ailles and was described previously 31. Ectopically BCL-XL overexpressing 
cells were generated by transduction with pHEFTIR-BCL-XL as described before 10.  

Matrigel differentiation assay and immunohistochemistry
2000 cells were mixed with Matrigel and 50 µl was seeded as a droplet in a 12 wells plate 
(Greiner).  After allowing Matrigel to harden (10 min 37 °C) 1 ml medium was added 
to the wells to cover the Matrigel. 3 days later treatment was started by refreshing 
medium with medium containing HDAC inhibitors or DMSO. As a control, cells were 
exposed to medium deprived of EGF and bFGF and supplemented with 2 % FCS. After 
4 days of treatment cells were fixed with 4 % paraformaldehyde overnight, dehydrated 
in a standard ethanol/ xylene series and embedded in paraffin. 5 µM sections were 
stained with Alcian Blue and counter stained with Nuclear fast red or 1:200 mouse 
monoclonal antibody against KRT20 (clone GTX15205, GeneTex) and counterstained 
with haematoxylin as described before  8. 
  
Xenograft studies 
To generate in vivo tumors, 5000 colon-CSCs (TOP-GFPhigh cells) were isolated by FACS 
sorting, mixed at an 1:1 ratio with Matrigel and injected subcutaneously into nude (Hsd: 
Athymic Nude/Nude) (Harlan) mice. Treatments were started when tumors reached a 
size between 50 and 100 mm3. Mice were treated intra-peritoneal for 4 consecutive weeks 
either with daily injection (5 times/week) of 10 mg/kg panobinostat (Selleck Chemicals) 
dissolved in PBS/2% DMSO, or once a week with 1 mg/kg oxaliplatin (Sigma) dissolved 
in PBS, or with a combination of both drugs. After 4 weeks treatments were stopped 
and tumor growth was measured. Mice reaching 1000 mm3 were sacrificed.   
 
Reagents  
An overview of all compounds used in the small-sized screening can be found in supple-
mentary table 1. Oxaliplatin was used at 50 μM for 24 h (Sigma-Aldrich). The following 
HDAC inhibitors were subsequently used vorinostat (2 μM, Selleck Chemicals) panobi-
nostat (10 nM, Selleck Chemicals), MS-275 (1 μM, Selleck Chemicals). As indicated in the 
figure various concentrations of the BH3 mimetic ABT-737 (Selleck Chemicals) was tested. 
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Chemotherapy sensitization screening and cell death assays  
TOP-GFP transduced colon-CSCs were seeded on 12-wells culture plate (Greiner, 
Alphen a/d Rijn, The Netherlands) overnight. Next day cells were treated with indi-
cated compounds 1 h prior oxaliplatin treatment and 24 h later cells were collected 
and caspase-3 activity was measured in colon-CSCs according to the manufacturer’s 
instructions (BioVision, Milpitas, CA, USA) and described before 10. In short, cells were 
collected with trypsin-EDTA and washed once with medium. 50.000 cells were stained 
with RED-DEVD-FMK for 1 h at 37 °C. Subsequently, cells were washed twice with 
wash buffer and flow cytometry was performed with FACS canto (BD biosciences). 
Cell death was measured in colon-CSCs by gating on TOP-GFPhigh cells. 
 
Limiting-dilution assay  
Colon-CSCs were exposed to panobinostat or DMSO for 16 h and subsequently 
dissociated.  FACSaria (BD Biosciences) was used for FACS deposition of colon-CSCs 
(10% TOP-GFPhigh) in ultra-low adherence 96-well plates (Corning) in a limiting dilu-
tion fashion at 1, 2, 4, 8, 16, 24, 32, 64 and 128 cells per well. After two weeks clono-
genic capacity was evaluated by scoring wells with spheres and calculated using the 
Extreme Limiting Dilution Analysis ‘limdil’ function as described 32.

FACS stainings  
FACS staining for stem cell markers CD133 and LGR5 was performed in colon-CSCs 
treated with panobinostat or DMSO. After 16 h of treatment, cells were dissociated and 
stained as described before 30 with AC133/CD133-APC antibody (1 : 25, Miltenyi Biotec) 
or anti-LGR5-biotin antibody (4D11F8, 1:100, BD Biosciences). For LGR5 staining, cells 
were incubated with APC conjugated streptavidin (1:500, E-biosciences) and washed 
twice with PBS containing 1% bovine serum albumin. Dead cells were excluded with 
7-AAD (BD Biosciences) and stainings were analyzed on a FASCanto (BD Biosciences).  

RNA extraction, cDNA synthesis, qRT-PCR, gene expression 
profiling and cluster analysis  
RNA was extracted using Trizol reagent (Invitrogen) according to the manufacturer’s 
instructions. cDNA synthesis was performed with 1 μg of total RNA using SuperScript 
III  in accordance with the manufacturer’s protocol. On a LC480 (Roche) qrt-PCR was 
performed using LC480 SYBR green in accordance with the manufacturer’s instructions. 
The following primers were used: 18S sense: 5′-AGACAACAAGCTCCGTGAAGA-3′, 
18S antisense: 5′-CAGAAGTGACGCAGCCCTCTA-3′, LGR5 sense: 5′- AATCCCCT-
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GCCCAGTCTC-3′, LGR5 anti-sense: 5′- CCCTTGGGAATGTATGTCAGA-3′, KRT20 
sense: 5′- TGTCCTGCAAATTGATAATGCT-3′, and KRT20 anti-sense: 5′- AGACG-
TATTCCTCTCTCACTCTCATA -3′. For micro-array RNA quality was determined 
using the RNA 6000 Nano assay on the Agilent 2100 Bioanalyzer (Agilent Technolo-
gies). Gene expression profiling was performed by Micro-Array Department (MAD) 
(Amsterdam) using Human Genome U133 Plus 2.0 microarrays in accordance with 
the manufacturer’s protocol (Affymetrix). For clustering analysis a stem cell signature 
was used that was published before 17. First expression of these genes in differentiated 
tumor cells and panobinostat treated colon-CSCs relative to colon-CSCs treated with 
DMSO was calculated. Next Pearson correlation, average linkage in the Multi experi-
ment Viewer package 4.5 was used to cluster the samples 33.  
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Supplementary tables and figures

Supplementary Table 1: Compounds used in the small-sized drug screening. Left illustration of 
Figure	1a	with	numbers	that	correspond	to	the	numbers	in	table	(right).	Fold	change	is	calculated	by	cell	
death	induced	in	colon-CSCs	by	combination	treatment	compared	to	oxaliplatin	treatment	alone	in	the	
colon-CSCs.  
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Supplementary Table 2: List of most differentially regulated genes in colon-CSCs upon panobi-
nostat treatment.  a)	At	least	2	fold	higher	(a)	expressed	genes	in	colon-CSCs	after	panobinostat	treat-
ment.	b)	genes	that	are	at	least	2	fold	lower	expressed	in	colon-CSCs	after	panobinostat	treatment.
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Supplementary Table 2: List of most differentially regulated genes in colon-CSCs upon panobi-
nostat treatment.  a)	At	least	2	fold	higher	(a)	expressed	genes	in	colon-CSCs	after	panobinostat	treat-
ment.	b)	genes	that	are	at	least	2	fold	lower	expressed	in	colon-CSCs	after	panobinostat	treatment.
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Supplementary Figure 1: Panobinostat differentiates colon-CSCs derived from primary tumours and 
liver metastasis. Qrt-PCR	for	LGR5	(left)	and	KRT20	(middle)	is	shown	for	two	different	different	sphe-
roid	cultures.	Quantification	of	matrigel	differentiation,	 loss	of	nonpolarized	growth,	 in	various	cultures	
after	panobinostat	treatment. 
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Supplementary Figure 2: Various HDAC inhibitors differentiate colon-CSCs. a)qrt-PCR	on	colon-
CSCs	treated	with	DMSO,	panobinostat,	vorinostat,	and	MS-275	for	16h.	Relative	expression	of	LGR5 
(left)	and	KRT20	mRNA	(rigth)	to	18s	is	shown.	b)	Quantification	of	matrigel	differentiation,	loss	of	nonpo-
larized	growth,	upon	treatment	with	different	HDAC	inhibitors.	


