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Abstract

The apoptosis pathway of programmed cell death is frequently deregulated in cancer. An intact 

apoptosis pathway is required for proper response to anti-cancer treatment. We investigated the 

chromatin status of key apoptosis genes in the apoptosis pathway in colorectal cancer cell lines in 

relation to apoptosis induced by chemo-, immune- or radiation therapy. Using chromatin 
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immunoprecipitation (ChIP), we measured the presence of transcription-activating histone 

modifications H3Ac and H3K4me3 and silencing modifications H3K9me3 and H3K27me3 at the 

gene promoter regions of key apoptosis genes Bax, Bcl2, Caspase-9, Fas (CD95) and p53. Cell 

lines DLD1, SW620, Colo320, Caco2, Lovo and HT29 were treated with cisplatin, anti-Fas or 

radiation. The apoptotic response was measured by flow cytometry using propidium iodide and 

annexin V-FITC. The chromatin status of the apoptosis genes reflected the activation status of the 

intrinsic (Bax, Bcl2, Caspase-9 and p53) and extrinsic (Fas) pathways. An active intrinsic 

apoptotic pathway corresponded to sensitivity to cisplatin and radiation treatment of cell lines 

DLD1, SW620 and Colo320. An active Fas promoter corresponded to an active extrinsic apoptotic 

pathway in cell line DLD1. mRNA expression data correlated with the chromatin status of the 

apoptosis genes as measured by ChIP. In conclusion, the results presented in this study indicate 

that the balance between activating and silencing histone modifications, reflecting the chromatin 

status of apoptosis genes, can be used to predict the response of tumor cells to different anti-cancer 

therapies and could provide a novel target to sensitize tumors to obtain adequate treatment 

responses.
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Introduction

Resistance to cell death is one of the capabilities acquired during tumor development and 

was therefore named as one of the hallmarks of cancer [1, 2]. The apoptosis pathway, 

responsible for programmed cell death, is indeed one of the pathways frequently deregulated 

in cancer [3]. The level of apoptosis has been previously shown to have prognostic value in 

rectal cancer [4-6]. As deregulation of the apoptotic pathway could lead to resistance to anti-

cancer therapies, reactivation of the pathway is an attractive target to sensitize tumors for 

anti-cancer treatment [7-9]. Both the extrinsic and intrinsic apoptotic pathways have been 

studied as possible targets for anti-cancer therapy [10], but more information about the 

complex regulation of the pathway is still warranted for the development of apoptosis-based 

anti-cancer therapies for solid tumors.

Anti-cancer treatments are directed towards inducing cell death in tumor cells by inducing 

DNA damage (activating the intrinsic apoptotic pathway) or by initiating an antitumor 

immune response (activating the extrinsic apoptotic pathway). An intact apoptotic response 

is required in order for these treatment regimens to have the intended effect of tumor cell 

death [11, 12]. Epigenetic mechanisms, including DNA methylation and histone 

modifications, are key regulators of gene expression and are frequently deregulated in 

cancer [13-15]. Changes in epigenetic regulation of expression of apoptosis genes could 

influence the response of tumor cells to anti-cancer treatments. Therefore, in this study we 

investigated whether the chromatin status of key apoptosis genes in both the intrinsic and 

extrinsic apoptotic pathways could be used to predict the response of a tumor cell to anti-

cancer treatment regimens.

Benard et al. Page 2

Apoptosis. Author manuscript; available in PMC 2015 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



We selected several apoptosis genes based on their prognostic value in various cancers in 

literature [16, 17], that are likely to play key roles in the apoptotic process. The selected 

genes were Fas (CD95) representing the extrinsic apoptotic pathway, and Bax, Bcl2, 

Caspase-9 (Casp9) and p53 representing the intrinsic pathway. We studied the cellular 

mRNA levels and the presence of both activating and silencing histone modifications at the 

promoter regions of each of these apoptosis genes using chromatin immunoprecipitation 

(ChIP) in six colorectal cancer cell lines. Subsequently, activation of the extrinsic apoptotic 

pathway was studied in the colorectal cancer cell lines using anti-Fas antibodies, and 

activation of the intrinsic pathway was studied using the chemotherapeutic agent cisplatin or 

using radiation treatment. The level of apoptosis induction upon treatment was then 

measured by flow cytometry and correlated to the chromatin status of the apoptosis genes as 

measured by ChIP. The chromatin status of each of the apoptosis genes was correlated to 

mRNA expression levels using gene expression assays.

Materials and methods

Cell lines and treatment

Colorectal cancer cell lines HT29, Lovo, Colo320, SW620, DLD1 and Caco2 were cultured 

under standard conditions, as described by the American Type Culture Collection (ATCC; 

Manassas, VA, USA), using T25 tissue culture flasks (Greiner-Bio One, Alphen aan den 

Rijn, The Netherlands). Dose–response curves were generated to determine an optimal dose 

and incubation time at which a maximum of 20 % cell death (corresponding to 80 % 

surviving cells) was measured. Cell lines were treated with different doses of the respective 

treatment regimens based on findings in literature and incubation times tested were 8, 16, 24 

and 48 h. After incubation, cells were harvested and cell death was quantified using trypan 

blue staining. The percentage of surviving cells was determined as follows: 100 % − 

[number of dead cells/total number of cells (dead + surviving)]. Cells were treated with 

cisplatin (cis-Diammineplatinum (II) dichloride; Sigma-Aldrich, St. Louis, MO, USA) or 

anti-Fas (clone CH11; Millipore, Billerica, MA, USA) or were irradiated with X-rays at 6 

Gy/min in tissue culture medium using an Andrex Smart 225 radiation instrument (200 kV, 

4 mA; Andrex Radiation Products AS, Copenhagen). Following treatment with cisplatin, 

anti-Fas or radiation, the percentage of apoptotic cells was determined using flow cytometric 

analysis on a BD LSRII flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA). 

Apoptotic cells were defined as cells with a positive signal for annexin V-FITC (5 μl in a 

total volume of 100 μl; ImmunoTools 31490013, Friesoythe, Germany) and a low signal for 

propidium iodide (PI, 1 μM; Calbiochem, San Diego, CA, USA). Cell lines were considered 

as sensitive to treatment when a ≥ 5 % increase in the percentage of apoptotic cells between 

the untreated controls and the treated cell lines was detected.

Chromatin immunoprecipitation experiments

ChIP experiments were performed for the following histone modifications: acetylated 

histone H3 (H3Ac, activating), trimethylation of lysine 4 at histone H3 (H3K4me3, 

activating), trimethylation of lysine 9 at histone H3 (H3K9me3, silencing), and 

trimethylation of lysine 27 at histone H3 (H3K27me3, silencing). ChIP experiments were 

performed according to a custom protocol, as described in [18], with some modifications. 
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All ChIP experiments were performed in duplicate. Briefly, cell lines were trypsinized, 

centrifugated for 3 min at 1,000 rpm and washed once with phosphate-buffered saline 

(PBS). Cells were then incubated in a 1 % formaldehyde solution (in PBS) for 10 min at 

room temperature. The crosslinking reaction was stopped by adding 0.125 M glycine 

solution and incubating for 5 min at room temperature. After centrifugation, cell pellets were 

washed twice with PBS supplemented with 20 mM sodium butyrate. Cells were lysed by 

adding cell lysis buffer supplemented with 20 mM sodium butyrate, 1:100 diluted proteinase 

inhibitor cocktail (PIC; Sigma-Aldrich) and 1:100 diluted phenylmethanesulfonyl fluoride 

(PMSF, 36978, Fisher Scientific, Landsmeer, The Netherlands) and incubating on ice for 5–

10 min. After complete lysis of the cells, samples were sonicated using a Soniprep 150 

ultrasonic disintegrator (MSE (UK) Ltd, London, UK), producing DNA fragments of 100–

400 bp (checked by gel electrophoresis). The DNA concentration was measured using a 

nanodrop (Thermo Scientific; Waltham, MA, USA), and 10 μg of chromatin was used as 

input for each of the ChIP reactions. Samples were incubated overnight (16 h), rotating at 4 

°C, with one of the following antibodies: anti-H3K4me3 (ab8580, Abcam, Cambridge, UK), 

anti-H3K9me3 (ab8898, Abcam), anti-H3K27me3 (ab6002, Abcam), anti-H3Ac (06-599, 

Millipore) and anti-IgG (ab2410, Abcam). An “input” sample was used as the non-

precipitated (no antibody) control. After overnight incubation, the chromatin-antibody 

complexes were incubated with protein G magnetic beads (Dynabeads, Thermo Scientific) 

for 4 h, rotating at 4 °C. Magnetic beads with the bound chromatin-antibody complexes 

were washed with subsequently low salt buffer, high salt buffer, lithium-chloride buffer and 

twice with TE pH 8.0 buffer. Chromatin-antibody complexes were eluted using freshly 

prepared elution buffer. DNA–protein-antibody complexes were denatured by incubating the 

eluted samples with 0.2 M NaCl for 15 min at 95 °C and subsequently with 0.5 μg 

proteinase K (Sigma-Aldrich) for 15 min at 60 °C. DNA clean-up was performed using 

phenol–chloroform-isoamyl alcohol (Sigma-Aldrich), followed by chloroform-isoamyl 

alcohol (Sigma-Aldrich). DNA was precipitated overnight by adding 0.6 M sodium acetate, 

1 ml ethanol and 1 μl glycogen (20 mg/ml; 77534, Affymetrix, Cleveland, OH, USA) to a 

total volume of 1.4 ml. After centrifugation, cell pellets were resuspended in 30 μl TE and 3 

μl of each sample was used for PCR.

PCR of apoptosis genes

PCR reactions of the duplicate experiments were performed using iQ™ SYBR® Green 

supermix (2x) (Bio-Rad Laboratories, Hercules, CA, USA). Primers were designed in the 

promoter regions of each of the respective apoptosis genes and melting temperatures (Tm) 

were optimized for each of the individual primer sets. The following primer sequences were 

used: Bax-F 5′-TGCCCGAAACTTCTAAAA-3′ and Bax-R 5′-

CGTGACTGTCCAATGAGC-3′ (Tm 58 °C); Bcl2-F 5′-GCAGAAGTCTGGGAATCG-3′ 

and Bcl2-R 5′-GCATAAGGCAACGATCC-3′ (Tm 58 °C); Casp9-F 5′-

CGGAAGCGGACTGAG-3′ and Casp9-R 5′-CAGAGCTGGTCCACCTG-3′ (Tm 60 °C); 

Fas-F 5′-CCAACTTCCCAGGTTGAA-3′ and Fas-R 5′-GCACAAATGGGCATTCC-3′ 

(CD95; Tm 56 °C); p53-F 5′-CTTACTTGTCATGGCGACT-3′ and p53-R 5′-

CTGGACGGTGGCTCT-3′ (Tm 60 °C). Housekeeping genes GAPDH (active) and MYT 

(silenced) were used as controls to verify accurate detection of the individual histone 

modifications compared to the input sample. Primer sequences were as follows (Tm for both 
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PCR reactions was 60 °C): GAPDH-F 5′-TACTAGCGGTTTTACGGGCG-3′, GAPDH-R 

5′-TCGAACAGGAGGAGCAGAGAGCGA-3′ and MYT-F 5′-

GCTGTGGGGAAAGGTAAGTC-3′, MYT-R 5′-ATGTCTCCTCTGTCAGACGC-3′.

Thermal cycling conditions were as follows: hot start for 10 min at 95 °C, followed by 40 

cycles of denaturing for 10 s at 95 °C, annealing for 30 s at the optimized Tm and extension 

for 30 s at 72 °C. Melting curves were generated after every PCR run to ensure a single PCR 

product was amplified. Relative enrichment (the percentage of product precipitated as 

compared to the non-precipitated “input” sample) of each the respective histone 

modifications was calculated using the following formula: 

2−(Ct value “input” sample − Ct value precipitated sample).

Real-time quantitative PCR for mRNA expression

RNA was isolated from each of the colorectal cancer cell lines using TRI Reagent (Life 

Technologies, Bleiswijk, The Netherlands), according to the manufacturer’s protocol. 

Reverse transcription of mRNA was performed using a High Capacity RNA-to-cDNA kit 

(Life Technologies). Quantitative duplex real-time PCR reactions were performed in 

duplicate using FAM-labeled commercially available Taqman Gene Expression assays (Life 

Technologies) for Casp9 (Hs00609647_m1), TP53 (Hs01034249_m1), Bcl2 

(Hs00608023_m1), Bax (Hs000180269_m1), Fas (Hs00 236330_m1), GAPDH 

(Hs99999905_m1) and MYT (Hs01027966_m1). VIC-labeled HPRT1 (Tamra quencher; 

Hs02800695_m1, Life Technologies) was used as an internal housekeeping gene control 

within each duplex PCR reaction. For each individual PCR reaction, Ct values were 

normalized against Ct values of HPRT1 in the same reaction (ΔCt). Real-time PCR reactions 

were performed on a 7900 HT Fast Real-time PCR system (Applied Biosystems, Foster 

City, CA, USA).

Results

Dose–response curves

For each of the six colorectal cell lines included in this study, dose–response curves were 

made to find the optimal dose and duration of treatment with cisplatin, anti-Fas and 

radiation. Dose–response curves following radiation treatment showed the highest 

percentages of cell death in cell lines DLD1, SW620 and Colo320, and less response in cell 

lines HT29, Caco2 and Lovo (Fig. 1). Cell lines DLD1, SW620 and Colo320 were sensitive 

to cisplatin treatment, showing higher percentages of dead cells compared to cell lines 

Caco2, Lovo and HT29, that showed minimal cell death upon treatment with cisplatin (data 

not shown).

Anti-Fas treatment induced marked cell death only in cell line DLD1, all other cell lines 

showed minimal cell death upon treatment with anti-Fas (data not shown). Treatment that 

resulted in a maximum of 20 % cell death (corresponding to 80 % of surviving cells at the 

time of harvest) in either of the cell lines after 24 h (for anti-Fas) or 48 h (for cisplatin and 

radiation treatment) was considered to be the optimal treatment procedure, indicating 

induction of apoptotic cell death but leaving a substantial surviving fraction to detect 
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apoptotic cells that have initiated but have not finished the process at the time of harvest. On 

the basis of the survival curves obtained, we therefore chose for treatment of all cell lines 

with 40 μM cisplatin for 48 h, with 250 ng/ml anti-Fas for 24 h and 6 Gy radiation followed 

by harvesting after 48 h.

Flow cytometric detection of the apoptotic fraction after treatment

In order to quantify the percentage of apoptotic cells after treatment, flow cytometry 

analyses were performed to measure the apoptotic cell fraction of each of the cell lines upon 

treatment with cisplatin, anti-Fas or radiation. The apoptotic fraction was defined as the 

fraction of cells showing a positive signal for annexin V but a low signal for propidium 

iodide [19]. The sensitivity of each of the cell lines to induction of apoptosis by each of the 

treatment regimens was determined by comparing the apoptotic fractions before (untreated 

cell population) and after treatment. As for radiation and chemosensitivity, a large apoptotic 

fraction was observed after treatment as compared to the untreated population in cell lines 

DLD1, Colo320 (Fig. 2a) and SW620. Only a limited response (small apoptotic fraction) 

was observed for cell lines HT29, Caco2 and Lovo. Treatment with anti-Fas resulted in an 

apoptotic response only in cell line DLD1, the other cell lines did not respond to anti-Fas 

treatment. Each cell line showing a ≥ 5 % increase in the percentage of apoptotic cells was 

considered “sensitive” to the respective treatment. Results are displayed in Fig. 2b. The flow 

cytometry results confirmed the sensitivity of all cell lines for induction of apoptosis, as 

observed in the dose–response curves, to each of the treatment regimens.

Chromatin immunoprecipitation and mRNA expression levels of apoptotic genes

In order to investigate whether the chromatin status of genes involved in the apoptotic 

pathway could be used to predict the response to chemo-, immune- or radiation therapy, we 

performed ChIP experiments for five key apopotic genes (Bax, Bcl2, Casp9, Fas and p53). 

Immunoprecipitation experiments were performed using antibodies against H3Ac, 

H3K4me3, H3K9me3 and H3K27me3, followed by real-time PCR for the genes of interest. 

All ChIP experiments were performed in duplicate, with a mean difference in Ct values 

between the two measurements of 1.93 (range 0.04–3.80), indicating sufficient 

reproducibility of the assay. In addition to the chromatin status of the genes, we measured 

mRNA expression levels of all genes (including control genes GAPDH and MYT) in each 

cell line and normalized the expression to the HPRT1 signal in each individual reaction 

(ΔCt). HPRT1 Ct values were very constant across the different genes and duplicate 

reactions, with average Ct values between 21.3 and 22.7 for the different cell lines and a 

standard deviation of 0.6 over all measurements.

ChIP results for control genes—Control genes GAPDH (active housekeeping gene) 

and MYT (myelin transcription factor, silenced in colorectal tissues) were included in each 

ChIP experiment for assay validation. As expected, at the GAPDH promoter higher relative 

enrichment (the percentage of precipitated DNA as compared to the non-precipitated “input” 

sample) of active modifications H3Ac and H3K4me3 was observed as compared to the 

silencing modifications H3K9me3 and H3K27me3 (Supplementary Fig. 1A). At the MYT 

promoter, higher relative enrichment of silencing histone modifications was observed as 

compared to the activating histone modifications (Supplementary Fig. 1B). mRNA 
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expression data confirmed active expression of GAPDH, with higher relative expression 

(ΔCt values) compared to HPRT1, and silencing of MYT (Supplementary Fig. 1C). As the 

control genes GAPDH and MYT showed valid results, we continued with the 

immunoprecipitation experiments on apoptosis gene promoter regions.

ChIP results for apoptosis genes—The activation status of the individual apoptosis 

genes, as determined by the ChIP experiments, was correlated with sensitivity of the cell 

lines to chemo-, immune- or radiation therapy (Fig. 3). For example, cell line SW620 

showed sensitivity to cisplatin and radiation treatment with differences in the percentage of 

apoptotic cells between controls and treated cells of 7.9 and 17.6 %, respectively, but was 

not sensitive to anti-Fas treatment (difference 0.1 % between controls and treated cells). 

Results from the ChIP experiments showed higher relative enrichment of silencing 

modification H3K9me3 on the Fas gene promoter as compared to the activating histone 

modifications, and high relative enrichment of activating histone modifications for Casp9 

and Bax in cell line SW620 (Fig. 3a). These ChIP results corresponded to an active intrinsic 

pathway (the pathway is turned “on”), and hence an expected response to DNA damaging 

agents such as cisplatin and radiation, and a silenced extrinsic pathway (the pathway is 

turned “off”), which resulted in no response to anti-Fas treatment. For cell line DLD1, an 

active chromatin status of Casp9, Bax and Fas, as measured by higher relative enrichment of 

activating modifications H3Ac and H3K4me3 (Fig. 3b), corresponded to sensitivity to all 

treatments. Cell line Caco2 did not show induction of apoptosis with any of the treatment 

regimens. This cell line indeed showed high relative enrichment of silencing modifications 

H3K9me3 and H3K27me3 as compared to the activating histone modifications for Casp9 

and Fas, and bivalent histone modifications (both activating and silencing histone 

modifications present) on p53, Bcl2 and Bax (Fig. 3c), corresponding to silenced intrinsic 

and extrinsic pathways. Cell lines Colo320, HT29 and Lovo, showed a similar correlation 

between the chromatin status of the apoptosis genes and the treatment response 

(Supplementary Fig. 2). Table 1 provides an overview of the chromatin status of each of the 

genes coupled to the response of each of the cell lines to chemo-, immune- or radiation 

therapy. An active chromatin status was assigned when higher relative enrichment was 

observed for active histone modifications, a repressed chromatin status when higher relative 

enrichment for silencing histone modifications was observed. Many gene promoters, 

however, showed bivalent promoters where both activating and silencing histone 

modifications were present in similar amounts. For example, the p53 gene showed a bivalent 

chromatin status in all cell lines. Overall, the chromatin status of the predominantly active or 

silenced gene promoters did correspond well to the overall status of the pathway (on or off), 

which in turn corresponded to the sensitivity of the individual cell lines to treatment. In 

conclusion, these results indicate that the balance between activating and silencing histone 

modifications, reflecting the chromatin status of the apoptotic genes, can be used to predict 

the response of tumor cells to different anti-cancer therapies.

mRNA expression levels of apoptotic genes—To correlate the chromatin status of 

the genes as determined with the ChIP experiments with mRNA expression levels, we 

performed gene expression analyses for all apoptosis genes (Fig. 4). Fas mRNA expression 

was observed in cell lines DLD1, HT29 and Lovo, which showed high relative enrichment 
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of active histone modifications in the ChIP experiments. Low expression of Fas mRNA was 

observed in cell lines where high relative enrichment of silencing histone modifications was 

observed (SW620, Caco2 and Colo320). Caspase-9 showed high relative mRNA expression 

in all cell lines except Lovo, which indeed showed high relative enrichment of silencing 

histone modifications in the ChIP experiments. Bcl2 showed low relative mRNA expression 

in all cell lines, but cell lines Colo320 and HT29 that showed high relative enrichment of 

activating histone modifications showed only a slightly lower mRNA expression as 

compared to internal control HPRT1. Bax showed high relative mRNA expression in cell 

line DLD1 and only slightly lower relative expression as compared to HPRT1 in cell lines 

Caco2 and Colo320. Cell line Lovo showed a silenced Bax promoter in the ChIP 

experiments and indeed showed low relative mRNA expression. mRNA expression of p53 

was high in all cell lines, except Caco2, despite the bivalent status of the p53 promoter in all 

cell lines. In conclusion, mRNA expression corresponds well to the chromatin status of the 

apoptosis gene promoters in most of the cell lines.

Discussion

An intact and active apoptotic pathway is required for a proper response to anti-cancer 

therapies [11, 12]. We therefore investigated the chromatin status of several key apoptosis 

genes in colorectal cancer cell lines, in correlation with the apoptotic response upon 

treatment with cisplatin, radiation or anti-Fas.

Our results regarding sensitivity of the different cell lines to the treatment regimens on the 

basis of dose-response curves were consistent with literature. Colorectal cancer cell lines 

DLD1, Colo320 and Sw620 showed a strong apoptotic response upon treatment with 

cisplatin or radiation, whereas the other cell lines did not, which was also reported 

previously by other groups [20, 21]. As for sensitivity to anti-Fas treatment, only cell line 

DLD1 showed an apoptotic response, the other cell lines showed a resistance to this therapy 

[22]. The sensitivity of each of the cell lines to chemo-, immune-, or radiation therapy was 

also reflected in the chromatin status of each of the apoptosis genes based on the presence of 

activating and/or silencing histone modifications at their promoter regions. The chromatin 

status of the apoptosis genes was also reflected in the mRNA expression profiles of the 

individual cell lines. As expected, an active chromatin status of the intrinsic pathway genes 

(Apaf1, Bax, Bcl2 and p53) was associated with sensitivity to treatment with cisplatin and 

radiation. Cell lines Lovo and DLD1 showed an active chromatin status of the Fas gene. 

However, only DLD1 showed a response to anti-Fas treatment. Differential expression of 

other extrinsic apoptotic pathway factors, that we have not included in our study, might 

affect the apoptotic response upon stimulation with anti-Fas and might hence explain the 

sensitivity of cell line DLD1 and the non-response of cell line Lovo upon treatment with 

anti-Fas.

Many genes showed a bivalent chromatin status, defined as the presence of both activating 

and silencing modifications at the same region. Bivalent chromatin marks key 

developmental genes and regulators, enabling the genes to be activated instantly when 

needed during development and differentiation [23, 24]. The bivalent promoter statuses as 

measured with our ChIP experiments are correlated with different effects on gene 
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expression. For example, Bcl2 showed a bivalent chromatin status in four cell lines and 

showed repressed gene expression in these cell lines. On the contrary, the p53 gene showed 

a bivalent chromatin status in all cell lines but is associated with increased gene expression. 

As the bivalent chromatin status of Bcl2 and p53 does not specifically correlate to the 

differential responses to therapy, these genes might not play a crucial role determining 

sensitivity to therapy in the respective cell lines.

Epigenetic regulation of apoptosis genes has previously been studied [17, 25] and expression 

of the studied genes has been correlated to prognosis in cancer [26-29]. In addition, 

radiosensitization of colorectal cancer cell lines has been described upon treatment with 

HDAC inhibitors [30, 31] or Aurora B kinase [32]. HDAC inhibitors have also been shown 

to enhance the response to cisplatin treatment [33]. These studies indicate that sensitization 

of cancer cells can be obtained by changing the epigenetic make-up in the cancer cell, by for 

instance changes in the epigenetic regulation of apoptosis genes involved in the process of 

cell death upon anti-cancer treatment. Knowledge of specific changes in epigenetic 

mechanisms in cancer cells might provide new possible targets for anti-cancer therapy.

In conclusion, histone modifications at apoptosis gene promoter regions, reflecting the 

transcriptional status of the gene, can be used to predict the sensitivity of colorectal cancer 

cell lines to anti-cancer treatment. In current clinical practice, personalized treatment is 

warranted to prevent over- and undertreatment of colorectal cancer patients. Using 

information regarding the transcriptional activity of both the intrinsic and extrinsic apoptosis 

pathways may provide critical information that is required to make an informed treatment 

decision for each individual patient. Future research should focus on developing methods to 

detect these histone modifications on apoptosis gene promoters in patient tissues, such as 

snap-frozen tumor biopsies, in order to make this information available in the clinic. The 

chromatin status of the studied apoptosis genes might provide patient-specific information 

regarding the response to specific anti-cancer therapies. Because of the potentially reversible 

nature of epigenetic modifications, these modifications could provide novel targets to 

sensitize tumors to obtain adequate treatment responses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Dose–response curves and percentages of apoptotic cells of colorectal cancer cell lines 

following treatment. The percentage of surviving cells (y-axis) was determined for cell lines 

Lovo, HT29. Caco2, SW620, Colo320 and DLD1, 48 h after irradiation with different doses 

(x-axis). Cell lines were incubated with trypan blue and the surviving fraction was calculated 

as follows: 100 % – (number of trypan blue positive (dead) cells/total number of cells (dead 

+ surviving))
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Fig. 2. 
Flow cytometry results after treatment with cisplatin, radiation or anti-Fas. a Shown are the 

flow cytometry results of cell line Colo320 after the respective treatments. Two experiments 

were performed, to measure the apoptotic cell fractions after treatment with radiation (upper 

panel) and after treatment with cisplatin or anti-Fas (lower panel). Untreated controls were 

included in both experiments. Cells in gate P4 were regarded as the apoptotic fraction 

(positive signal for annexin V and a low signal for propidium iodide). Cells in gate P3 are 

the living cell fraction, cells in gate P5 are dead cells. Cell debris has been excluded from 

the analyses (gates P1 and P2, not shown). The percentage of apoptotic cells is indicated in 

the right bottom corner of each figure. b Difference in percentages of apoptotic cells 

between treated cells and untreated controls are displayed for each of the cell lines after 

treatment with cisplatin (48 h), radiation (48 h) or Anti-Fas (24 h). Differences of ≥5 % 

apoptotic cells was defined as sensitivity to the respective treatments and are indicated in 

bold
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Fig. 3. 
Results of the ChIP experiments are shown for cell lines SW620, DLD1 and Caco2. 

Immunoprecipitations have been performed using antibodies against active histone 

modifications H3Ac and H3K4me3 (indicated in green) and silencing histone modifications 

H3K9me3 and H3K27me3 (indicated in red). IgG was used as a control for non-selective 

binding (indicated in gray). PCR was performed for apoptosis genes Casp9, p53, Bcl2, Bax 

and Fas. The respective histone modifications are indicated on the x-axis, the relative 

enrichment (the percentage of precipitated DNA as compared to the non-precipitated input = 

% input) is indicated on the y-axis. Error bars represent the maximum and minimum values 

of the duplicate experiments. Corresponding percentages of apoptotic cells after each 

treatment are indicated in Fig. 2b (Color figure online)
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Fig. 4. 
Messenger RNA expression of apoptosis gene promoters. The average relative mRNA 

expression results (ΔCt) of the duplicate PCR reactions are shown for each of the individual 

apoptosis genes in all cell lines. All Ct values shown were normalized to the HPRT1 signal 

in each individual PCR reaction. Error bars indicate the maximum and minimum values of 

the duplicate measurements
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