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abstract 

Colorectal cancer (CRC) is the second leading cause of cancer death in the western world. 
The majority of CRCs, which develop from adenoma precursor lesions, show gain of chro-
mosome arm 20q, where BCL2L1 is located. BCL2L1 is an important apoptosis regulating 
gene that codes for both an anti-apoptotic (Bcl-xL) and a pro-apoptotic (Bcl-xS) splice vari-
ant. The aim of the present study was to investigate whether BCL2L1 contributes to 20q 
gain-driven colorectal adenoma-to-carcinoma progression. To this end, the functional 
role of BCL2L1 in cancer-related processes was investigated, and differences in BCL2L1 
DNA, mRNA, and protein levels were compared between colorectal adenomas and CRCs, 
as well as between tumours with and without 20q gain. Down-modulation of BCL2L1 in-
hibited cell viability and anchorage-independent growth of CRC cells, while invasion was 
not affected. BCL2L1 DNA copy number and protein expression were increased in CRCs 
compared to adenomas (p = 0.00005 and p = 0.03, respectively), while mRNA expression 
was not. Differences in BCL2L1 protein expression were even more pronounced between 
tumours with and without 20q gain (p = 0.0001). In conclusion, BCL2L1 is functionally 
involved in several cancer-related processes and its protein expression is associated with 
20q gain. This supports a role for 20q gain-dependent expression of BCL2L1 in colorectal 
adenoma-to-carcinoma progression. However, the absence of a direct correlation be-
tween BCL2L1 mRNA and protein expression implies that BCL2L1 protein expression is 
regulated at the post-transcriptional level by a distinct factor on the 20q amplicon (eg 
ZNF217, AURKA or miRNAs). Therefore, even though BCL2L1 affects CRC biology in a 20q 
gain-dependent manner, it is not likely to be a driver of chromosome 20q gain associated 
adenoma-to-carcinoma progression.
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Introduction

Colorectal cancer (CRC) is the third most common tumour type in men and women in the 
western world. After lung cancer, CRC ranks second in terms of cancer deaths [1]. CRC 
evolves from adenoma precursor lesions. The development of adenomas from normal 
colon epithelium is initiated by disruption of the WNT signalling pathway. Progression of 
pre-malignant adenoma lesions to carcinomas takes place in only about 5% of cases [2]. 
Two major pathways contribute to adenoma-to-carcinoma progression: microsatellite 
instability (MSI) and chromosomal instability (CIN). MSI is observed in approximately 
15% of CRCs and is caused by a failing DNA mismatch repair system, resulting in the 
accumulation of DNA mutations. The majority of CRCs (about 85%) show CIN, meaning 
that parts of or whole chromosomes are gained or lost. CIN can result in loss of tumour 
suppressor genes or amplification of oncogenes, but also in copy number changes of 
miRNA loci, leading to aberrant expression [3,4].
Gain of chromosomal region 20q is frequent in CRC and has been associated with 
colorectal adenoma-to-carcinoma progression [5]. Furthermore, gain of 20q correlates 
with poor prognosis in CRC patients [6]. Chromosome 20q harbours several putative 
oncogenes, including AURKA, BCL2L1, SRC, and ZNF217 [5,7-10]. The BCL2L1 locus is 
among the loci with the highest copy number ratios [10]. 
BCL2L1 (BCL2-like 1) belongs to the family of Bcl-2 proteins that are involved in the 
regulation of the mitochondrial pathway of apoptosis by controlling the release of pro-
apoptotic factors from the mitochondrion. This protein family comprises pro- and anti-
apoptotic members, which are all characterized by Bcl-2 homology domains [11]. The 
mitochondrial pathway of apoptosis is stimulated by several triggers such as DNA dam-
age and cytotoxic drugs. Upon these signals, the pro-apoptotic Bcl-2 proteins are acti-
vated and when their activation levels pass a certain threshold, the inhibitory effects of 
anti-apoptotic Bcl-2 family members are overcome. Pro-apoptotic Bcl-2 proteins change 
the mitochondrial membrane permeability, which results in the release of pro-apop-
totic factors including cytochrome c. Cytochrome c in combination with pro-caspase-9 
and Apaf-1 form the apoptosome, which activates pro-caspase-9 by a conformational 
change. Caspase-9 subsequently causes activation of downstream executor caspases 
which execute apoptosis (Figure 1) [11,12]. 
BCL2L1 pre-mRNA can give rise to several splice variants, of which the long Bcl-xL isoform 
and the short Bcl-xS isoform are the most important. These two isoforms differ in size 
and function. Bcl-xL is 233 amino acids in length and has anti-apoptotic effects, whereas 
Bcl-xS, which lacks 63 amino acids compared with Bcl-xL, is pro-apoptotic. Bcl-xS heterodi-
merizes with Bcl-xL and inhibits its anti-apoptotic effects [11,13]. The balance between 
the Bcl-xL and Bcl-xS

   isoforms is regulated by transcriptional events and alternative splic-
ing [14]. Several growth factors (eg IL-1α, IL-6, and GM-CSF) and apoptosis signals (eg Fas 
and chemotherapeutic drugs) can shift splicing of BCL2L1 pre-mRNA in favour of Bcl-xs 
[15,16].
Bcl-xL mRNA is overexpressed in CRCs compared with normal tissues [17]. Protein ex-
pression of BCL2L1 has been reported as being increased in about 60% of CRCs com-
pared with normal epithelium, and in 50% of colorectal adenomas [8]. Overexpression 
of Bcl-xL contributes to apoptosis resistance, resulting in improved survival of malignant 
cells, which contributes to the development of tumour metastasis and a poor response 
to chemotherapy [18,19]. However, data on the functional consequences of BCL2L1 
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overexpression on cancer-related processes in CRC are limited. One study has reported 
that down-regulation of BCL2L1 expression inhibited anchorage-independent growth 
and invasion in a CRC cell line [19]. 
The aim of the present study was to investigate whether BCL2L1 may drive chromosome 
20q amplification in colorectal adenoma-to-carcinoma progression by investigating the 
role of BCL2L1 in cancer-related processes in CRC cell lines. In addition, BCL2L1 DNA, 
mRNA, and protein levels were studied in colorectal adenomas and CRCs and in relation 

Figure 1 BCL2L1 pre-mRNA is alternatively spliced between exons 2 and 3. The 
Bcl-xL isoform of BCL2L1 is 233 amino acids in length and has anti-apoptotic 
effects. Bcl-xS, which lacks 63 amino acids compared with Bcl-xL, is pro-apoptotic.
The balance between pro-apoptotic (eg Bcl-xS) and anti-apoptotic (eg Bcl-xL) Bcl-2 proteins 
regulates the permeability of the mitochondrial membrane for the release of pro-apoptotic 
factors. Several signals (eg DNA damage or cytotoxic drugs) trigger the mitochondrial pathway of 
apoptosis by activating pro-apoptotic Bcl-2 proteins.  When the balance of pro- and anti-apoptotic 
family members pass a threshold in favour of the pro-apoptotic family members, the permeability 
of the mitochondrial membrane is increased, resulting in the release of pro-apoptotic factors 
(including cytochrome c) from the mitochondrion. Cytochrome c, pro-caspase-9, and Apaf-1 
form the apoptosome which activates pro-caspase-9 by a conformational change. Caspase-9 
subsequently causes activation of downstream executor caspases which execute apoptosis
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to chromosome 20q gain, since genes that drive 20q gain-associated colorectal cancer 
progression are expected to show a correlation between DNA copy number, mRNA ex-
pression, and protein expression.

Materials and methods

Collection, storage, and use of tissue and patient data were performed in agreement 
with the ‘Code for Proper Secondary Use of Human Tissue in the Netherlands’, in compli-
ance with national and institutional ethical regulations.

Cell culture

Three human CRC cell lines with gain of chromosomal region 20q were selected: Caco2, 
HT29 and SW480 (Supporting information, Supplementary Figure 1). HT29 and SW480 
cells were cultured in DMEM (Lonza BioWhittaker, Verviers, Belgium) containing 10% 
fetal bovine serum (FBS) (HyClone, Perbio Science, Etten-Leur, The Netherlands). Caco2 
cells were grown in RPMI1640 (Lonza BioWhittaker) containing 20% FBS. Cell culture me-
dia were supplemented with 2 mM L-glutamine, 100 IU/ml sodium-penicillin, and 100 
mg/ml streptomycin. The cell lines were maintained at 37°C in a humidified atmosphere 
of 5% CO2.

siRNA transfection

BCL2L1 mRNA expression was down-regulated using a pool of four small interfering RNA 
(siRNA) (SMARTpool M-003 458-00 from Dharmacon Inc, Lafayette, CO, USA). Transfec-
tions were performed according to manufacturer’s recommendations to obtain a final 
siRNA concentration of 30 nM. A Non-Targeting control siRNA pool (Non-Targeting Pool 
#2; D-001 206-14) was used as a negative control. Down-modulation of BCL2L1 expres-
sion was confirmed by qRT-PCR (Supporting information, Supplementary materials and 
methods).

Cell viability assay

siRNA transfections were performed in triplicate in 96-well flat bottom plates using a 
siRNA pool directed against polo-like kinase 1 (PLK1; M-003 290-01; Dharmacon) as a 
positive control. Cells were left untreated for 3 days (regular culture conditions) or were 
treated with 5FU (5-fluoro-deoxyuridine; Sigma-Aldrich, Zwijndrecht, The Netherlands) 
at a final concentration of 2 μM (Caco2 and SW480) or 3 μM (HT29) for 5 days (5FU-
induced cytotoxicity). The number of viable cells was measured using the MTT assay.  

Anchorage-independent growth assay

SW480 cells were transfected in duplicate in 24-well cell culture plates using siPLK1 as a 
positive control. Cells from one well were cultured in 0.35% SeaPlaque agarose (Lonza, 
Verviers, Belgium) in 10% FBS-containing medium, in duplicate. The MTT cell viability 
assay was performed on the second well to correct the number of observed colonies 
by the number of viable cells. After 3 weeks of incubation, the number of colonies was 
evaluated. Digital images were taken and colony numbers were counted using image 
processing. 
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Invasion assay

SW480 cells were transfected in duplicate in 12-well cell culture plates. BIRC5 down-
modulation has previously been described as inhibiting invasion of SW480 and was used 
as a positive control [20]. Transfected cells were transferred to extracellular matrix gel 
(ECM gel; Sigma-Aldrich)-coated transwells containing a fluorescence-blocking filter (HTS 
FluoroBlok; Falcon, BD Biosciences, Alphen aan de Rijn, The Netherlands). Invasion was 
stimulated for 48 h by a FBS gradient and analysed by fluorescent quantification of invad-
ed as well as non-invaded cells using calcein-AM (Molecular Probes, Invitrogen, Leiden, 
The Netherlands). Ratios of invaded versus non-invaded cells were calculated.  

Normalization of functional data

Log2 ratios of BCL2L1 and controle genes relative to siNon-Targeting were calculated per 
assay. Data from the respective assays were normalized to correct for day-to-day varia-
tion and to reduce the effect of technical or biological outliers using robust regression 
(R package MASS, function ‘rlm’, default settings). This was achieved using data from 
BCL2L1 and 35 other genes (Sillars-Hardebol et al, accepted for publication). 

BCL2L1 immunohistochemical analysis on tissue microarrays

Immunohistochemical staining of BCL2L1 was performed on tissue microarrays com-
posed of 82 colorectal adenomas and 82 CRCs with up to three cores (0.6 mm) per tu-
mour. Histological and molecular characteristics of the tumours, including microsatellite 
instability and chromosome 20q gain status, are described in Supporting information, 
Supplementary Table 1. In addition, BCL2L1 staining was performed on siRNA-treated 
SW480 cells to verify the effect of siBCL2L1 on protein expression (Supporting infor-
mation, Supplementary materials and methods). MAB4625 (Millipore Corporation, Bil-
lerica, MA, USA) antibody recognizing both Bcl-xS and Bcl-xL was incubated for 30 min 
at room temperature (1:100 dilution). Staining was detected by HRP-coupled polymer 
(ThermoScientific, Warm Springs, Fremont, CA, USA) and visualized by diaminbenzidine 
plus (DAB Plus) (ThermoScientific). Incubation without primary antibody was used as a 
negative control. 
Tumours were scored for BCL2L1 protein expression based on the staining intensity of 
epithelial cells as weak, moderate or strong. The maximum score of the evaluated cores 
was determined per tumour. For statistical analysis, tumours were classified into two 
groups based on the maximum staining score: weak and moderate staining versus strong 
staining. 

Statistical analysis 

Data on the DNA copy number ratio of the actual BCL2L1 locus and mRNA expression 
in colorectal adenomas and CRCs have been previously obtained by array CGH (com-
parative genomic hybridization) and mRNA expression microarrays, respectively [5]. 
Differences in the copy number ratio and mRNA expression between groups of tu-
mours (adenomas and CRCs or tumours with and without 20q gain) were assessed by 
the Mann-Whitney test. Correlation of array CGH data and mRNA expression data was 
evaluated by the Pearson correlation. The chi-square test was used to compare protein 
expression between groups of tumours. Correlation of protein expression with the DNA 
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copy number ratio (CGH data) or mRNA expression was evaluated by the Mann-Whitney 
test. Statistical analyses were performed in SPSS (version 15.0 for Windows; SPSS, Chi-
cago, IL, USA).
More details about the materials and methods may be found in the Supporting informa-
tion, Supplementary materials and methods. 

results

BCL2L1 affects cell viability and anchorage-independent growth

The role of BCL2L1 in CRC carcinogenesis was investigated by analysing the functional ef-
fects of BCL2L1 down-regulation on cancer-related processes. BCL2L1 mRNA expression 
was down-regulated using a siRNA pool which efficiently reduced BCL2L1 mRNA (five-
fold) and protein expression (Figure 2A and 2B). First, the effect of BCL2L1 down-regula-
tion on cell viability was investigated.  Figure 2C shows a two-fold reduction of Caco2 and 
SW480 cell viability, but no change in HT29 cell viability under regular culture conditions. 
After induction of cellular cytotoxicity with 5FU, a drug commonly used in the treatment 
of CRC patients, the cell viability of all three cell lines was greatly reduced. 
Other important characteristics of malignant cells are survival and proliferation, inde-
pendent of surrounding cells, as well as cellular invasion into underlying tissue. To evalu-
ate these features in vitro, we performed anchorage-independent growth in soft agarose 
and invasion assays. While all three colorectal cancer cell lines were suited to monitor 
cell viability, the SW480 cell line clearly outperformed Caco2 and HT29 with respect to 
anchorage-independent growth and invasion capacity, thereby providing a much better 
window of opportunity to monitor siRNA-mediated inhibition of these assays. BCL2L1 
down-modulation resulted in an almost four-fold reduction in the number of colonies 
formed in soft agarose (Figure 2D). However, BCL2L1 mRNA down-modulation did not 
inhibit invasive capacity, in contrast to the positive control BIRC5 (Figure 2E).

BCL2L1 DNA copy number, mRNA and protein expression

The DNA copy number ratio of BCL2L1 was analysed using an array CGH dataset of 34 
colorectal adenomas and 33 CRCs [5]. The BCL2L1 DNA copy number was significantly 
increased in CRCs relative to adenomas (Mann-Whitney: p = 0.00005) (Figure 3A). The 
mRNA expression levels of BCL2L1 were compared in a microarray expression datas-
et of 68 colorectal tumours; 37 adenomas, and 31 CRCs [5]. Colorectal adenomas and 
carcinomas did not differ in BCL2L1 mRNA expression (Mann-Whitney: p = 0.5) (Figure 
3B). Immunohistochemistry performed on tissue microarrays containing 82 colorectal 
adenomas and 82 colorectal carcinomas was used to determine protein expression lev-
els of BCL2L1. BCL2L1 was expressed in the cytoplasm of epithelial cells, in general with 
a stronger staining intensity in the supranuclear zone (Figure 4). Expression of BCL2L1 
protein was significantly higher in CRCs than in adenomas (chi-square: p = 0.03) (Figure 
3C).

BCL2L1 protein expression is associated with chromosome 20q gain

Gain of chromosomal region 20q, at which BCL2L1 is located, plays an important role 
in colorectal adenoma-to-carcinoma progression. Chromosome 20q gain status was de-
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termined based on the overall level of DNA copy number alterations along the chromo-
some arm, which may differ from the BCL2L1 DNA copy number status that was based 
on probes at the BCL2L1 locus. The association between 20q gain and BCL2L1 protein ex-
pression was examined by comparing BCL2L1 protein expression in microsatellite-stable 
tumours with and without 20q gain. Tumours (adenomas and carcinomas) with 20q gain 
had significantly higher expression of BCL2L1 compared with tumours without 20q gain 
(chi-square: p = 0.0001). Separate analysis of adenomas and carcinomas demonstrated 
that adenomas with 20q gain have significantly higher BCL2L1 protein expression than 

Figure 2 Effect of siBCL2L1 on BCL2L1 mRNA and protein expression, and its consequence on 
cancer-related processes. (A) Bar graph showing BCL2L1 mRNA expression levels of siBCL2L1-
treated SW480 cells relative to siNon-Targeting treated cells (set to 100%) as measured by qRT-
PCR. (B) Example of BCL2L1 protein expression in siBCL2L1 and siNon-Targeting-treated SW480 
cells as detected by immunohistochemistry.  (C) Effect of siBCL2L1 on cell viability in Caco2, HT29, 
and SW480 CRC cell lines under regular culture conditions and with 5FU-induced cytotoxicity 
as detected by the MTT cell viability assay. Experiments were performed in triplicate. siPLK1 
was used as a positive control. PLK1 is a cell cycle regulator which, when down-regulated, has 
dramatic effects on cell viability and is therefore used as a positive control in genome-wide siRNA 
screens [21,22]. (D) Effect of siBCL2L1 on anchorage-independent growth as measured by the 
number of colonies formed in soft agarose. Three independent experiments were performed. 
siPLK1 was used as a positive control. (E) Effect of siBCL2L1 on invasion as measured by the 
transwell invasion assay. A siRNA pool directed against BIRC5, a gene which has been described 
to inhibit the invasion of SW480 when down-regulated, was used as a positive control [20]. The 
ratio of invaded to non-invaded cells was determined for each condition. Four independent 
experiments were performed. Bars represent the normalized log2 ratio of siBCL2L1 and positive 
controls relative to siNon-Targeting cells (set to 0). Error bars correspond to standard errors 
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Figure 3 BCL2L1 DNA copy number, mRNA expression, and protein expression in human 
colorectal adenoma and carcinoma tissues. (A) DNA copy number ratio (log2 ratio) of 
BCL2L1 in an array CGH dataset of 34 adenoma and 33 carcinoma samples. p values were 
calculated by the Mann-Whitney test. (B) BCL2L1 mRNA expression levels (arbitrary units) in 
a microarray expression dataset of 37 colorectal adenomas and 31 carcinomas. p values were 
calculated by the Mann-Whitney test. (C) Protein expression of BCL2L1 on tissue microarrays 
composed of 82 colorectal adenoma and 82 carcinoma samples. For statistical analysis, 
tumours were classified into two groups based on the maximum staining score: weak and 
moderate staining versus strong staining. p values were determined by the chi-square test

Figure 4 Immunohistochemical staining examples of BCL2L1. BCL2L1 staining was predominantly 
cytoplasmic, generally associated with stronger supranuclear staining. The staining intensity of 
epithelial cells was scored as weak, moderate or strong. Examples of each category are shown
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adenomas without 20q gain (chi-square: p = 0.005), while such a significant difference 
was not observed for carcinomas (Figure 5A). 
Although there was no difference in BCL2L1 mRNA expression in carcinomas compared 
with adenomas (Mann-Whitney: p = 0.5) (Figure 3B), tumours with 20q gain did show 
a trend towards increased BCL2L1 mRNA expression compared with tumours without 
20q gain (p = 0.09) (Figure 5B). Separate analysis for adenomas with and without chro-
mosome 20q gain also revealed a trend towards increased mRNA expression (p = 0.1) 
(Figure 5B). A similar comparison could not be made for carcinomas because mRNA data 
were only available for two carcinomas without 20q gain. DNA copy number ratios at 
the BCL2L1 locus itself did not correlate with BCL2L1 mRNA expression levels (Pearson 
correlation: R = 0.13 with p = 0.3) (Figure 6A). These observations therefore do not sup-
port a gene-dosage effect for BCL2L1. In addition, BCL2L1 DNA copy number ratios and 
mRNA expression levels did not correlate with protein expression (Figure 6B and 6C). 

Discussion

Gain of chromosome 20q is a major factor in colorectal adenoma-to-carcinoma progres-
sion. Genes that drive 20q gain-associated colorectal cancer progression are expected 
to affect carcinogenesis-related processes and to show a correlation between DNA copy 
number, mRNA expression, and protein expression. One of the oncogenes within the 
20q amplicon is BCL2L1, an apoptosis regulating gene. In the present study, BCL2L1 was 
found to contribute to cell viability and anchorage-independent growth of CRC cells, 
which implies a functional role for BCL2L1 in the biology of CRC. 
In order to identify whether BCL2L1 may drive chromosome 20q amplification in colorec-
tal adenoma-to-carcinoma progression, the levels of BCL2L1 DNA, mRNA, and protein 
were compared between adenomas and carcinomas and in relation to chromosome 20q 
gain. BCL2L1 protein expression was investigated using an antibody that recognizes the 

Figure 5 BCL2L1 protein 
and mRNA expression in 
tumours with and without 
20q gain. Tumours were 
grouped based the presence 
(gain) or absence (loss or 
no gain) of extra copies of 
chromosomal region 20q. 
(A) Protein expression 
levels of BCL2L1 in all 
tumours (adenomas and 
carcinomas combined) and 
adenomas and carcinomas 
separately. p values were 
calculated by the chi-square 
test. (B) BCL2L1 mRNA 
expression levels (arbitrary 
units) in all tumours 
(adenomas and carcinomas 

combined) and adenomas separately. A similar comparison could not be made 
for carcinomas; mRNA expression data were available for only two carcinomas 
without 20q gain. p values were calculated by the Mann-Whitney test
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Bcl-xL as well as the Bcl-xS isoform. In positive cases, BCL2L1 immunohistochemistry typi-
cally showed strong supranuclear staining against a weaker overall cytoplasmic staining. 
This is consistent with previously reported staining patterns of BCL2L1 and Bcl-xL [23,24]. 
The anti-apoptotic Bcl-xL mRNA is most abundantly expressed in several tissue types in 
mice [25]. Also in human (cancer) tissues, mRNA (as detected by RT-PCR) and protein (as 
detected by western blotting) expression levels of Bcl-xL are higher than those of Bcl-xS, 
which often do not reach the detection level [26,27]. Although we observed both Bcl-xL 

and Bcl-xS transcripts by RT-PCR in tumour samples and in the SW480 cell line, relatively 
high levels of Bcl-xS were only present in SW480 cells upon 5FU-induced cytotoxicity 
(Supporting information, Supplementary Figure 2). Therefore, the observed BCL2L1 pro-
tein expression probably primarily represents Bcl-xL, which corresponds to the onco-
genic features of BCL2L1 in terms of copy number gain and its role in cancer processes. 
Previously, higher Bcl-xL protein expression has been found in CRCs and adenomas com-
pared with normal tissue [17]. In the present study, we show that protein expression of 
BCL2L1 was stronger in CRCs than in colorectal adenomas. So, while in the present series 
of colorectal tumours BCL2L1 protein expression was associated with overall 20q gain, 
it did not correlate with the DNA copy number status of the actual BCL2L1 locus or with 
its mRNA expression. This is consistent with observations in endometrium, where also 
no correlation was found between BCL2L1 mRNA and protein expression levels [27]. 
Since BCL2L1 mRNA expression levels did not correlate with either BCL2L1 locus DNA 
copy status or BCL2L1 protein expression, alternative mechanisms must explain the 20q-
related change in protein expression. For instance, BCL2L1 protein expression could be 
regulated at the post-transcriptional level by a distinct factor on 20q. Indeed, protein 
products of other genes and miRNAs at 20q are important in post-transcriptional regula-
tion of gene expression. Interestingly, the mRNA expression of ZNF217, another puta-
tive oncogene on chromosome 20q, did correlate with BCL2L1 protein expression and 
may therefore contribute to BCL2L1 post-transcriptional regulation (Supporting infor-
mation, Supplementary Figure 3). In addition, AURKA (located on 20q13.2), a cell-cycle 
regulated kinase involved in the assembly of the mitotic spindle and which contributes 
to carcinogenesis, has recently been found to regulate BCL2L1 mRNA splicing [28]. Our 
understanding of the role of miRNAs in the regulation of mRNA translation is still in 

Figure 6 Correlation of BCL2L1 DNA copy number and mRNA and protein expression. 
(A) Correlation of BCL2L1 DNA copy number with mRNA expression. Pearson correlation 
coefficient and p value are shown. Lines represent a linear regression fit with 95% 
confidence intervals. (B) Correlation of BCL2L1 DNA copy number with protein expression. 
p values were calculated by the Mann-Whitney test. (C) Correlation of BCL2L1 mRNA 
expression with protein expression. p values were calculated by the Mann-Whitney test 
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its infancy. Although much has been revealed about the mechanism by which miRNAs 
regulate translation, a major challenge remains to identify the mRNA targets of miRNAs. 
Several miRNAs have been predicted to regulate BCL2L1 expression, including miR-663, 
miR-1289-1, miR-296, miR-298, miR-646, miR-647, and miR-133a-2, which are located 
on chromosome arm 20q [29]. A possible role of these miRNAs in regulating BCL2L1 
protein expression remains to be resolved. 
Previously, gain of the 20q amplicon has been correlated with poor prognosis of CRC 
patients [6]. Since in the present study BCL2L1 protein expression is linked to 20q gain, 
BCL2L1 may contribute to this effect. A correlation between increased BCL2L1 expres-
sion and poor prognosis has been found in CRC [24] and is most probably caused by 
disruption of apoptosis pathways. Chemotherapeutic drugs act by inducing apoptosis; 
for example, they shift the splicing of BCL2L1 pre-mRNA in favour of pro-apoptotic Bcl-xs 
[16]. Functional apoptosis pathways are therefore important determinants of a success-
ful therapy response. Although chemotherapeutic drugs improve CRC patient survival, 
resistance to these treatments arises, leading to therapy failure and, ultimately, death 
of the patient. Of the multiple factors that contribute to chemotherapy resistance, over-
expression of the anti-apoptotic Bcl-xL isoform of BCL2L1 is a major one [30-32]. Several 
inhibitors of Bcl-xL with pro-apoptotic and anti-carcinogenic effects have been identified 
[33-35]. The use of these inhibitors on their own or combined with chemotherapeutic 
drugs could be a useful strategy to modify intrinsic drug resistance in patients with high 
BCL2L1 expression.
In conclusion, BCL2L1 contributes to cancer-related processes and its protein expression 
is associated with chromosome 20q gain. This is consistent with a role for BCL2L1 in 20q 
gain-associated colorectal adenoma-to-carcinoma progression. BCL2L1 itself, however, 
is not a likely driver of chromosome 20q gain since the DNA copy number status of the 
BCL2L1 locus does not correlate with BCL2L1 mRNA and protein expression levels. There-
fore, protein expression of BCL2L1 is anticipated to be regulated at the post-transcrip-
tional level by a distinct factor on the 20q amplicon (eg ZNF217, AURKA or miRNAs).

acknowledgements

This study was financially supported by the Cancer Center Amsterdam and by an Aegon 
International Scholarship in Oncology. We would like to thank Valentine Arendsen and 
Denice Verheijen for technical support, and Jaap Veldhuisen and Ron Otsen for profes-
sional photography support. 

references

1.  Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2009. CA Cancer J Clin 2009; 59: 225-249.
2.  Shinya H, Wolff WI. Morphology, anatomic distribution and cancer potential of colonic polyps. Ann Surg 

1979; 190: 679-683.
3.  Rajagopalan H, Lengauer C. Aneuploidy and cancer. Nature 2004; 432: 338-341.
4.  Esquela-Kerscher A, Slack FJ. Oncomirs - microRNAs with a role in cancer. Nat Rev Cancer 2006; 6: 259-

269.
5.  Carvalho B, Postma C, Mongera S, et al. Multiple putative oncogenes at the chromosome 20q amplicon 

contribute to colorectal adenoma to carcinoma progression. Gut 2009; 58: 79-89.
6.  Postma C, Terwischa S, Hermsen MA, et al. Gain of chromosome 20q is an indicator of poor prognosis in 

colorectal cancer. Cell Oncol 2007; 29: 73-75.
7.  Talamonti MS, Roh MS, Curley SA, et al. Increase in activity and level of pp60c-src in progressive stages of 



93

Ch
ap

te
r 

5 
 

BCL2L1 in association with 20q gain

human colorectal cancer. J Clin Invest 1993; 91: 53-60.
8.  Krajewska M, Moss SF, Krajewski S, et al. Elevated expression of Bcl-X and reduced Bak in primary 

colorectal adenocarcinomas. Cancer Res 1996; 56: 2422-2427.
9.  Zhou H, Kuang J, Zhong L, et al. Tumour amplified kinase STK15/BTAK induces centrosome amplification, 

aneuploidy and transformation. Nat Genet 1998; 20: 189-193.
10.  Postma C, Hermsen MA, Coffa J, et al. Chromosomal instability in flat adenomas and carcinomas of the 

colon. J Pathol 2005; 205: 514-521.
11.  Hossini AM, Eberle J. Apoptosis induction by Bcl-2 proteins independent of the BH3 domain. Biochem 

Pharmacol 2008; 76: 1612-1619.
12.  Li J, Yuan J. Caspases in apoptosis and beyond. Oncogene 2008; 27: 6194-6206.
13.  Boise LH, Gonzalez-Garcia M, Postema CE, et al. bcl-x, a bcl-2-related gene that functions as a dominant 

regulator of apoptotic cell death. Cell 1993; 74: 597-608.
14.  Revil T, Toutant J, Shkreta L, et al. Protein kinase C-dependent control of Bcl-x alternative splicing. Mol 

Cell Biol 2007; 27: 8431-8441.
15.  Li CY, Chu JY, Yu JK, et al. Regulation of alternative splicing of Bcl-x by IL-6, GM-CSF and TPA. Cell Res 

2004; 14: 473-479.
16.  Shkreta L, Froehlich U, Paquet ER, et al. Anticancer drugs affect the alternative splicing of Bcl-x and other 

human apoptotic genes. Mol Cancer Ther 2008; 7: 1398-1409.
17.  Maurer CA, Friess H, Buhler SS, et al. Apoptosis inhibiting factor Bcl-xL might be the crucial member of 

the Bcl-2 gene family in colorectal cancer. Dig Dis Sci 1998; 43: 2641-2648.
18.  Fernandez Y, Gu B, Martinez A, et al. Inhibition of apoptosis in human breast cancer cells: role in tumor 

progression to the metastatic state. Int J Cancer 2002; 101: 317-326.
19.  Zhang YL, Pang LQ, Wu Y, et al. Significance of Bcl-xL in human colon carcinoma. World J Gastroenterol 

2008; 14: 3069-3073.
20.  Zhonghong L, Lianjie L, Changqing Z, et al. The influence of survivin shRNA on the cell cycle and the inva-

sion of SW480 cells of colorectal carcinoma. J Exp Clin Cancer Res 2008; 27: 20.
21.  Liu X, Erikson RL. Polo-like kinase (Plk)1 depletion induces apoptosis in cancer cells. Proc Natl Acad Sci U 

S A 2003; 100: 5789-5794.
22.  Schlabach MR, Luo J, Solimini NL, et al. Cancer proliferation gene discovery through functional genomics. 

Science 2008; 319: 620-624.
23. Wolter KG, Hsu YT, Smith CL, et al. Movement of Bax from the cytosol to mitochondria during apoptosis. 

J Cell Biol 1997; 139: 1281-1292.
24. Biroccio A, Benassi B, D’Agnano I, et al. c-Myb and Bcl-x overexpression predicts poor prognosis in 

colorectal cancer: clinical and experimental findings. Am J Pathol 2001; 158: 1289-1299.
25. Gonzalez-Garcia M, Perez-Ballestero R, Ding L, et al. bcl-XL is the major bcl-x mRNA form expressed dur-

ing murine development and its product localizes to mitochondria. Development 1994; 120: 3033-3042.
26. Ferrandina G, Mozzetti S, Marone M, et al. Bcl-2, bax, bcl-x(L) and bcl-x(S) expression in neoplastic and 

normal cervical tissue. Cancer Lett 2000; 155: 19-27.
27. Marone M, Ferrandina G, Macchia G, et al. Bcl-2, Bax, Bcl-x(L) and Bcl-x(S) expression in neoplastic and 

normal endometrium. Oncology 2000; 58: 161-168.
28. Moore MJ, Wang Q, Kennedy CJ, et al. An alternative splicing network links cell-cycle control to apopto-

sis. Cell 2010; 142: 625-636.
29.   Betel D, Wilson M, Gabow A, et al. The microRNA.org resource: targets and expression. Nucleic Acids Res 

2008; 36: D149-D153.
30. Amundson SA, Myers TG, Scudiero D, et al. An informatics approach identifying markers of chemosensi-

tivity in human cancer cell lines. Cancer Res 2000; 60: 6101-6110.
31.  Violette S, Poulain L, Dussaulx E, et al. Resistance of colon cancer cells to long-term 5-fluorouracil expo-

sure is correlated to the relative level of Bcl-2 and Bcl-X(L) in addition to Bax and p53 status. Int J Cancer 
2002; 98: 498-504.

32. Hayward RL, Macpherson JS, Cummings J, et al. Enhanced oxaliplatin-induced apoptosis following anti-
sense Bcl-xl down-regulation is p53 and Bax dependent: Genetic evidence for specificity of the antisense 
effect. Mol Cancer Ther 2004; 3: 169-178.

33. Orzaez M, Mondragon L, Garcia-Jareno A, et al. Deciphering the antitumoral activity of quinacrine: Bind-
ing to and inhibition of Bcl-xL. Bioorg Med Chem Lett 2009; 19: 1592-1595.

34.  Dabancens A, Zipper J, Guerrero A. Quinacrine and copper, compounds with anticonceptive and antineo-
plastic activity. Contraception 1994; 50: 243-251.

35. Degterev A, Lugovskoy A, Cardone M, et al. Identification of small-molecule inhibitors of interaction 
between the BH3 domain and Bcl-xL. Nat Cell Biol 2001; 3: 173-182.


