
ONCOLOGY LETTERS  5:  173-178,  2013

Abstract. Colorectal carcinomas are considered to progress 
by chromosomal instability (CIN), or microsatellite instability 
(MSI) and/or epigenetic gene silencing; however, in previous 
studies we observed a small fraction of tumours without this 
molecular phenotype. To further investigate these ‘X-type’ 
tumours, neoplastic glands from five tumours were isolated by 
laser-capture microdissection and used for single nucleotide 
polymorphism (SNP) array analyses. DNA from our own low-
passage primary colorectal carcinoma cell lines (n=9) was used 
for comparison. Two of these ‘X-type’ tumours had very low 
numbers of aberrations (totals of four and five, respectively), 
consisting of trisomies and arm amplifications. Conversely, 
aberrations were markedly more frequent in the control cases 
and three of the ‘X-type’ tumours (range, 11‑40). These aber-
rations included deletions of chromosomes and chromosome 
arms, uniparental disomies (UPD), trisomies and arm ampli-
fications. Recurrent microdeletions (<1 MB) were observed at 
3p14.2 (FHIT), 16p13.2 (A2BP1) and 20p12.1 (MACROD2). 
Microsatellite analyses with polymorphic markers at five 
‘canonical’ colorectal carcinoma loci demonstrated a complete 
loss of one allele in all but one case. When compared to the 
SNP arrays, concordant results were observed in 93% of tests; 
however, this was only if DNA from cell lines or laser-capture 
microdissections was used. In conclusion, colorectal carci-
nomas may develop without the classic molecular features of 
CIN, MSI and/or CpG island methylator phenotype (CIMP), 
but this is a rare event. UPD is frequent but does not define 
a separate molecular phenotype. Furthermore, our study 
supports the notion that SNP arrays are reliable for genome-
wide detection of deletions and UPD, but discourages the use 

of microsatellite analyses to detect loss of heterozygosity with 
DNA from whole tissues.

Introduction

Currently, chromosomal instability (CIN) and microsatellite 
instability (MSI) are considered to be the principal driving 
forces of carcinogenesis (1). In the majority of cases these are 
mutually exclusive, but epigenetic gene silencing can act as an 
additional factor to either (2). Thus, driven by chromosomal 
instability, cancers are thought to progress when gene func-
tions are compromised by loss of chromosomes or larger parts 
thereof, by deletions/insertions of a small number of nucleo-
tides within microsatellites located in the coding regions of 
genes or by methylation of cytosines in or near gene promoters, 
leading to loss of gene expression. Each of these carcinogenic 
driving forces is reflected in a molecular phenotype of cancers 
that can be readily assessed in a molecular pathology labora-
tory. Specifically, DNA cytophotometry and/or allelotyping 
with polymorphic microsatellite markers is used to test for 
CIN; microsatellite analysis of markers particularly suscep-
tible to instability (usually including the Bethesda markers) (3) 
is used to address MSI, and methylation-specific PCR (ideally 
with quantitative approaches such as MethyLight) (4) is used 
to assess whether promoter methylation is frequent in a cancer 
(the CpG island methylator phenotype, CIMP). For colorectal 
carcinoma, these molecular features underlie a recently 
proposed ‘molecular classification’ (5).

In a previous study (6), we described the application of such 
molecular assays to a larger consecutive series of colorectal 
carcinomas (n=130). Eleven cases were observed that were 
not wholly concordant with our predictions and the current 
view regarding carcinogenesis. These tumours were diploid 
by DNA flow cytometry and no evidence of allelic imbalance 
at any of the ‘canonical’ loci of colorectal carcinoma (5q21, 
8p21, 9p21, 17p13 and 18q21) was observed. Additionally, 
they were microsatellite-stable and lacked evidence of CIMP 
when a MethyLight marker panel was used. We proposed that 
this unexpected molecular phenotype may be indicative of 
an unusual carcinogenic pathway, and suggested the tentative 
designation of ‘X‑type’ tumours.
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As was discussed in our previous study  (6), technical 
limitations of the analyses may have influenced the results. 
Notably, DNA cytophotometry is prone to omit genomic losses 
if diploidy is maintained. This happens in uniparental disomy, 
a molecular feature researchers are increasingly becoming 
aware of (7,8). Furthermore, small amplifications or deletions 
in loci not targeted by our microsatellite marker panel would 
have escaped detection by both allelotyping and DNA cyto-
photometry. Finally, DNA was extracted from whole tissues 
in our previous study (6). Although the tumour-stroma ratio 
had been controlled for by microscopic examination of scout 
slides, the possibility of false-negative identifications of allelic 
imbalance remained.

It may be expected that these technical limitations are 
overcome when single nucleotide polymorphism (SNP) array 
analysis is conducted with tumour tissue separated from the 
stroma by laser-capture microdissection. SNP array analysis 
simultaneously interrogates the entire genome of a tumour for 
copy number and allele status. Additionally, by laser-capture 
microdissection, confounding effects of admixed non-tumour 
DNA are avoided. Using this approach, as a first objective 
of this study, we further investigated the ‘X‑type’ colorectal 
carcinomas and used DNA from several of our primary 
colorectal carcinoma cell lines of various molecular pheno-
types for comparison. As a second objective of methodological 
interest, this approach enabled a direct comparison of results 
from SNP array and microsatellite analyses.

Materials and methods

Prior written informed consent was obtained from all patients, 
and all procedures were approved by the Ethics Committee of 
the University of Rostock (reference number II HV 43/2004) 
in accordance with generally accepted guidelines for the use 
of human material. 

Tumour tissues and primary colorectal carcinoma cell lines. 
Tumour tissue of sufficient quantity was available for five of 
the original 11 ‘X‑type’ tumours (6); these five cases were used 
in this study. Neoplastic glands were separated from the stroma 
by laser-capture microdissection using a PALM laser-capture 
microdissection device (Carl Zeiss, Göttingen, Germany).

For comparison, we selected nine of our primary 
colorectal carcinoma cell lines from early passages. Molecular 
typing of these control cases was implemented as described 
(6). Clinicopathological and molecular data of the tumours 
included in this study are summarized in Table I.

Patients' normal mucosa (for ‘X‑type’ tumours) or 
B‑lymphocytes (for cell lines) were used to obtain individually 
matched non-tumour DNA.

DNA extraction and SNP array hybridisation. Laser-capture 
microdissected sample material was incubated with 8  µl 
proteinase K (20 mg/ml) overnight at 56˚C. DNA was subse-
quently purified using the column-based NucleoSpin Tissue 
XS kit (Macherey-Nagel, Düren, Germany), according to the 
manufacturer's protocol for microdissected material.

The DNA samples were treated as described in the 
Affymetrix Cytogenetics Copy Number Assay User Guide; 
500 ng genomic DNA sample was portioned into two aliquots 

of 250 ng and these were cleaved by restriction endonucleases 
(StyI and NspI). Following adapter ligation, a reduction of the 
genomic complexity was performed by limited cycle prepara-
tive PCR. In alteration to the protocol, the PCR products were 
cleaned up by an ultrafiltration procedure using NucleoFast 96 
PCR Plates (Macherey-Nagel). Fragmentation by DNaseI and 
end labelling was conducted using the Genome-Wide Human 
Nsp/Sty 5.0/6.0 Assay kit (Affymetrix, Santa Clara, CA, 
USA). The hybridisation of Genome-Wide Human SNP 6.0 
arrays was followed by 16‑17 hours incubation at 50˚C in the 
GeneChip Hybridization Oven 640. After washing, staining 
and antibody amplification using the Fluidics Station 450, the 
SNP 6.0 arrays were scanned with the Affymetrix GeneChip 
Scanner 3000 (7G).

Processing of SNP array hybridisation data and evaluation. 
For copy number and loss of heterozygosity (LOH) analysis, 
the intensity data files obtained by scanning of the processed 
microarrays (CEL files), were imported into the Genotyping 
Console Software (Affymetrix). Data processing followed 
the implemented standard workflow for SNP 6.0 array and 
unpaired analysis was performed using an implemented 
HapMap sample set of 270 individuals as a reference.

For visualisation, the result files were loaded into the 
Affymetrix GTC browser software to display the log2 ratio, 
copy number state and LOH state over a RefSeq track. 
The displays of tumour DNA hybridisations were directly 
compared with SNP array hybridisations of patients' normal 
DNA, chromosome by chromosome in each case. Aberrations 
of ploidy status and allele status were recorded under the 
following categories: i) loss or amplification of whole chro-
mosomes or chromosome arms; ii) uniparental disomy or 
uniparental polysomy of whole chromosomes or chromosome 
arms; iii) subchromosomal deletions or amplifications, the 
chromosomal sites of which were recorded by reference to the 
chromosome bar at the bottom of the viewer, and the cut-off 
between extensive deletion/amplification versus microdele-
tions/microamplifications (see below) was arbitrarily set to 
1 MB of DNA; iv) subchromosomal uniparental disomy and 
v) microdeletions or microamplifications.

Microsatellite analyses. The microsatellite markers employed 
for allelotyping targeted the ‘canonical’ colorectal carcinoma 
loci 5q21, 8p21, 9p21, 17p13 and 18q21; technical details of 
these assays are described in our previous study  (6). Two 
dinucleotide markers located at 3p14.2 (D3S1234, D3S1300) 
were added in the present study. For the control cases, the 
majority of microsatellite analyses were conducted using DNA 
from the cell lines; only in a minority of cases was DNA from 
corresponding xenografts used (details of the xenografting 
procedures have been published previously) (9). Microsatellite 
instability was tested with the Bethesda markers.

Results

Genomic aberrations recorded by SNP array analysis. 
SNP array hybridisations were performed successfully 
with genomic DNA extracted from the primary colorectal 
carcinoma cell lines and with DNA from laser-capture-
microdissected neoplastic glands of the colorectal carcinoma 
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surgical specimens. All tumours harboured certain genomic 
aberrations. However, the frequency and type of aberration 
varied between cases.

Fig. 1A reveals the frequencies of all aberration types; 
very low total numbers were recorded for two of the ‘X‑type’ 
tumours (T37 and T53, totals of five and four, respectively) and 
for HROC 24, which is of the sporadic MSI‑type (a total of 
nine aberrations). The remaining tumours, including the three 

‘X‑type’ tumours T97, T104 and T109, exhibited higher totals 
(range, 11‑40).

In Fig. 1B‑D frequencies of different types of genomic 
aberrations are plotted per case. Fig. 1B reveals that deletions 
were numerous in the sporadic standard (spSTD)- and CIMP-
type tumours (range, 8‑26). Conversely, T97, T104 and T109 
were observed to have uniparental disomies (UPD)/unipa-
rental polysomies relatively frequently (range, 7‑13). However, 

Table I. Summary of clinicopathological and molecular data of the cases included in the study.

Tumour ID	 Type	 Site	 Diameter (cm)	 TNM	 Molecular type	 Passage

HROC 18	 ADC	 Right colon	 4.0	 G2pT3pN0cM0	 spSTD	 13
HROC 24	 ADC	 Right colon	 2.5	 G2pT2pN0cM0	 spMSI	 4
HROC 32	 ADC	 Right colon	 5.0	 G2pT4pN2cM0	 spSTD	 7
HROC 39	 ADC	 Right colon	 10.0	 G3pT4pN0cM0	 spSTD	 8
HROC 40	 ADC	 Left colon	 6.0	 G3pT3pN1cM0	 CIMP	 3
HROC 43	 ADC	 Right colon	 5.0	 G3pT3pN2cM0	 spSTD	 4
HROC 46	 ADC	 Right colon	 6.0	 G3pT3pN0cM1	 spSTD	 5
HROC 60	 ADC	 Right colon	 3.2	 G2pT2pN0cM0	 CIMP	 6
HROC 69	 ADC	 Right colon	 12.0	 G3pT3pN0cM0	 spSTD	 6
T37	 ADC	 Left colon	 1.5	 G1pT1(sm3)pN0cM0	 ‘X-type’	 NA
T53	 mucCa	 Right colon	 12.0	 G1pT3pN0cM0	 ‘X-type’	 NA
T97	 ADC	 Rectum	 5.5	 G2pT3pN0cM0	 ‘X-type’	 NA
T104	 ADC	 Right colon	 8.0	 G2pT3pN0cM0	 ‘X-type’	 NA
T109	 ADC	 Rectum	 5.5	 G2pT2pN1cM0	 ‘X-type’	 NA

ADC, adenocarcinoma without specification; mucCa, mucinous carcinoma; right colon, caecum to splenic flexure; left colon, descending 
colon to sigmoid colon; diameter, maximum diameter of the tumour; spSTD, sporadic standard type; spMSI, sporadic microsatellite instability; 
CIMP, CpG island methylator phenotype; NA, not applicable.

Table II. Comparison of results from microsatellite (MS) and single nucleotide polymorphism (SNP) array analyses using DNA 
from colorectal carcinoma cell lines.

	 MS complete loss	 MS incomplete loss	 MS no loss

SNP deletion	 37	 -	 2
SNP UPD	 20	 -	 1
SNP no aberration	 3	 1	 36

Table III. Results of single nucleotide polymorphism (SNP) array and microsatellite (MS) analyses with DNA extracted from 
‘X-type’ tumours after laser-capture microdissections.

ID	 5q21	 8p21	 9p21	 17p13	 18q21
	 -----------------------------------	 -----------------------------------	 -----------------------------------	 ----------------------------------	 ------------------------------------
	 SNP	 MS	 SNP	 MS	 SNP	 MS	 SNP	 MS	 SNP	 MS

T37	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -
T53	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -
T97	 -	 -	 -	 -	 UPD	 LOH	 DEL	 LOH	 UPD	 LOH
T104	 UPD	 -	 -	 -	 UPD	 LOH	 UPD	 LOH	 UPD	 LOH
T109	 -	 -	 -	 -	 -	 -	 DEL	 -	 UPD	 LOH

Dash indicates absence of molecular aberations.
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neither UPD nor uniparental polysomies were completely 
absent from the spSTD-/CIMP-type tumours, nor were dele-
tions from the ‘X‑type’ tumours. Notably, UPD/uniparental 
polysomies in the ‘X‑type’ tumours T97, T104 and T109 most 
often affected whole chromosomes. Genomic aberrations in 
the other two ‘X‑type’ tumours, T37 and T53, were trisomies 
or arm amplifcations (trisomies 13 and 16, and 8p-/20q arm 
amplifications for T37; trisomies 13 and 20, and 1q-/19q arm 
amplifications for T53).

All colorectal carcinoma cell lines had at least one micro-
deletion (range, 1‑14) as did two of the ‘X‑type’ tumours (T53 
and T104; 1 and 4, respectively). Microdeletions were observed 
in the Affymetrix Genotyping Console Browser image as 
‘punched out’ losses of hybridisation signals representing up 
to 1 MB of DNA (but usually considerably less). Recurrent 
microdeletions were observed at 3p14.2 (5 of the colorectal 
carcinoma cell lines), 20p12.1 (4 of the colorectal carcinoma 
cell lines) and 16p13.2 (4 of the colorectal carcinoma cell 

lines and 2 of the ‘X‑type’ tumours). The genes belonging to 
these loci were identified as FHIT, MACROD2 and A2BP1, 
respectively. The other microdeletions were distributed over 
the genome without any recognisable pattern.

In Fig. 2, the frequencies and types of genomic aberrations 
are plotted in relation to the different chromosomes. As can be 
observed from this figure, aberrations were most frequent in 
chromosomes 17, 18 and 20.

SNP array analysis compared to allelotyping by microsatel-
lite analysis. A comparative analysis was carried out with 
DNA from the nine colorectal carcinoma cell lines and/or 
xenografts, using 15 polymorphic microsatellite markers that 
represented 12 loci (as detailed in Materials and methods). 
Informative results were obtained in 100 of the 135 PCR reac-
tions. Allelotyping was not possible due to the homozygosity 
of the microsatellite markers in 26 reactions, or not evaluable 
due to MSI in nine reactions (7 markers for HROC 24, which 
is of the spMSI-type, and 1 marker each for HROC 18 and 
HROC 69). Allelotyping showed loss of heterozygosity (LOH)/
allelic imbalance in 61 reactions. In all but one case, this was 
seen to involve complete loss of the allele in the electrophero-
grams; LOH in its strict sense. As shown in Table II, there was 
overall concordance between the two methods, with discrepan-
cies recorded for seven of the 100 analyses (7.0%). Deletion or 
uniparental disomy, recorded by SNP array analysis, without 
evidence of allelic loss/allelic imbalance by microsatellite 
analysis was observed twice and once, respectively. Allelic 
loss or allelic imbalance, identified by microsatellite analysis, 
without evidence of genomic aberrations in the SNP arrays 
was recorded four times.

In our previous publication, ‘X‑type’ tumours were defined 
by flow-cytometric diploidy, absence of MSI and absence 
of CIMP, in addition to absence of allelic imbalance at the 
canonical loci 5q21, 8p21, 9p21, 17p13 and 18q21. These 
analyses had been conducted using DNA from whole tissue 
cryostat sections with tumour fractions greater than 50% (6). 

Figure 1. Frequencies and types of genomic aberrations recorded by single nucleotide polymorphism (SNP) array analysis and plotted per case. (A) Overall 
frequencies of aberrations; (B) frequencies of deletions; (C) uniparental disomies/polysomies; (D) amplifications.

Figure 2. Frequencies and types of genomic aberrations recorded by single 
nucleotide polymorphism (SNP) array analysis and plotted per chromosome..

  A

  C

  B

  D
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Unexpectedly, for three of the tumours classified as ‘X‑type’, 
the SNP arrays revealed UPD or deletion in nine of these loci. 
Therefore, allelotyping was then performed with DNA from 
laser-capture microdissections, as used for the SNP arrays. 
This showed allelic losses concordant with the SNP arrays in 
seven of the nine loci (details in Table III).

Discussion

The primary objective of this study was to further investigate 
the provisional molecular ‘X‑type’ of colorectal carcinoma. 
Specifically, we addressed whether there would be evidence 
for, or at least an indication of, the regulating forces of carcino-
genesis and tumour progression that differed from the orthodox 
triad of CIN, MSI and CIMP. Using SNP array analyses, we 
searched the entire genome for copy number changes and 
allelic losses, avoiding the potentially contaminating effects 
of non-neoplastic tissue by laser-capture microdissection. At 
present, only one study concerning colorectal carcinoma has 
been published that uses this approach (8).

Two of the ‘X‑type’ tumours included in this study (T37 
and T53) were markedly different from the rest of the cases; 
they differed from the remaining three ‘X‑type’ tumours as 
well as from the control cases (Fig. 1). Apart from a single 
microdeletion observed in T53, these tumours did not have any 
allelic losses, neither by deletions nor by UPD. Thus, these two 
tumours appeared to be as similar as possible to an unorthodox 
molecular phenotype of colorectal carcinoma. Considering that 
they were selected from 130 colorectal carcinomas originally, 
this appears to be an exceedingly rare molecular phenotype. 
However, what makes these tumours unique and whether this 
molecular phenotype could have any pathogenetic implications 
are currently unknown. Notably, these colorectal carcinomas 
are at the borders of the usual clinicopathological spectrum, 
but in different ways to each other. T53 is a well-differentiated 
mucinous carcinoma without regional or distant metastases, 
but is well-advanced locally (diameter 12.0 cm; pT3). This 
relatively unusual histotype may be the explanation for the 
unusual molecular phenotype. Conversely, T37 is a small 
cancer (diameter 2.5 cm; pT1, though infiltrating well into the 
submucosa, sm3; node-negative), but is otherwise a morpho-
logically non-descript adenocarcinoma with a moderate 
degree of tumour budding and with nuclear β-catenin trans-
location by immunohistochemistry (10). An explanation may 
be that this ‘early’ cancer simply did not have enough time to 
develop the load of genomic aberrations observed in the other 
tumours. The explanation for T37 may thus initially appear 
trivial; however, certain implications are evident. For example, 
it may be argued that if an ‘early’ colorectal carcinoma such as 
T37 is capable of sharing the phenotype of invasion with any 
other type of colorectal carcinoma (including metastasizing 
tumours) but does not share their molecular phenotype, then 
the function of the orthodox carcinogenic triad of CIN, MSI 
and CIMP may be a late effector in tumour progression, partic-
ularly in metastasizing disease. However, if invasiveness may 
be acquired without CIN, MSI or CIMP, and the pathogenetic 
function of this molecular phenotype is in tumour progression 
(the metastasizing course of the disease), then the relatively 
heavy loads of genomic loss observed in a number of our 
colorectal carcinomas without metastasis indicate that many 

of these may be functionally irrelevant. Such ‘background 
noise’ of genomic changes is a well-recognised phenom-
enon (11), but generalising from our observations, its extent 
and relevance in the interpretation of molecular analyses may 
be significantly underestimated. Moreover, it may transpire 
that it is extremely difficult to overcome this background noise 
in molecular studies, since for practical and ethical reasons, 
small cancers are significantly under-represented in tumour 
specimen collections, including in our own tumour bank. 

However, for the remaining three tumours classified 
as ‘X‑type’ (T97, T104 and T109), repeated microsatellite 
analyses with DNA from laser-capture microdissected tumour 
tissue was prompted by the SNP array analyses that had 
revealed UPD or deletions at certain loci tested in our previous 
study (Table  III). These repeated microsatellite analyses 
revealed that LOH was indeed present at these loci in the 
majority of cases, having gone undetected in the initial tests 
with DNA from whole tumour tissues. Subsequently, these 
three tumours were reclassified as spSTD‑type colorectal 
carcinoma, although UPD was a relatively frequent molecular 
feature of them and may explain their diploid status by DNA 
flow cytometry.

Our initial failure to detect allelic imbalance when allelo-
typing these three tumours raises an important methodological 
issue. The overwhelming majority of published LOH studies 
rely on DNA from whole tumour tissues. Typically, such as in 
our initial study, the tumour content is assessed by microscopic 
examination of histological sections, taken as sufficient at a 
fraction of 50‑80% and LOH is scored if the tumour-normal 
ratios are below or above the arbitrary limits of 0.5 or 2.0, 
respectively. As noted previously  (12), this microsatellite 
analysis of whole tissue DNA in reality is not a study of LOH 
but of allelic imbalance. Therefore, allelotyping is the correct 
designation for this procedure. As demonstrated in the present 
study, allelotyping carries a significant chance of false-negative 
determinations. Furthermore, as amplifications are not detected 
by this method, allelotyping is also prone to false-positive 
determinations. These methodical drawbacks strongly detract 
from the value of the majority of LOH studies of colorectal 
carcinomas or other solid tumours. LOH sensu strictu can only 
be diagnosed if, as was performed in this study, either tumour 
cell lines/xenografts or tumour tissue from laser-capture 
microdissections are used for the microsatellite analyses, and 
if complete absence of one allele is then observed.

Notably, in the majority of cases, microsatellite analyses 
at the loci tested in this study revealed a complete loss of one 
allele (Table II); an incomplete loss was recorded in only one 
instance. Thus, although deletion events or UPD may very often 
be background noise as has been discussed previously, they also 
have the potential to compromise gene function as proposed in 
the suppressor pathway concept. Therefore, when assessing the 
functional role of LOH by deletions or UPD in a given case, how 
these combine with mutations in the remaining alleles should 
be investigated. It has been demonstrated in colorectal carci-
noma that gene mutations preferentially target a selection of a 
number of candidate cancer (CAN) genes, which are typically 
members of a signal transduction pathway that thereby under-
goes dysregulation (13). The challenging task for researchers 
to negotiate is to find the relevant gene mutations by whole 
genome sequencing procedures, and then to compare them with 
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the genome-wide allele status that can only be determined by 
SNP array analysis. In this context, the secondary objective of 
our study may be of methodological interest as follows.

As a secondary objective, the low-passage colorectal carci-
noma cell lines of various molecular phenotypes that were 
included in this study allowed us to address how well LOH (by 
deletion or UPD) is represented in the SNP array analyses as 
compared with microsatellite analysis. If microsatellite anal-
ysis is informative and reveals a complete loss of one allele at a 
given locus, it may be regarded as a standard to compare with. 
Overall, discrepancies between microsatellite and SNP array 
analyses were observed in 7% of tests. Assuming microsatel-
lite analysis is the standard, false-negative and false-positive 
determinations for LOH by SNP array analysis were observed 
in 4 and 3% of tests, respectively. We consider this to be a 
relatively low rate, attesting to the proficiency of the SNP array 
technique. However, it should be considered when interpreting 
data. To our knowledge, such comparisons have not been 
published and this may therefore be of interest for researchers 
who apply these techniques.

Microdeletions were a noteworthy observation in the SNP 
arrays. While the majority were distributed over the genome 
in no apparent order, recurrence was observed at three gene 
loci, viz., FHIT, MACROD2 and A2BP1, introducing the 
possibility of a potential functional role. In previous SNP array 
studies of colorectal carcinoma, deletions at 16p13.2 centering 
on A2BP1 have been described in a single study by Andersen 
et al  (14). These authors also sequenced the gene in cases 
with deletions, failing to find mutations, and the deletions did 
not appear to correlate with differences of gene expression. 
Similiarly, correlative microsatellite/expression studies of 
FHIT did not reveal an effect of LOH on gene expression (15). 
Aberrations of the MACROD2 gene have not previously 
been identified for colorectal carcinoma; studies have only 
considered MACROD2 deletions in population-based geno-
typing (16). Therefore, though counterintuitive, there is no 
evidence to suggest that the ‘punched out’ gene losses so 
indicative of a functional role are implicated in the suppressor 
pathway of colorectal carcinoma. Alternatively, the recurrent 
loss of genetic material may arise as a consequence of recur-
rent translocation events that, as has been appreciated recently, 
are not as rare in solid tumours as previously thought (17). 
Notably, Andersen et al’s study of interphase and metaphase-
FISH for 16p13.2 using four commercial colorectal carcinoma 
cell lines for SW620 revealed a balanced translocation (t[3;16]) 
with the breakpoint centering on 16p13; for the other three cell 
lines, however, the deletions were interstitial deletions (14). 
Furthermore, rearrangements of the MACROD2, A2BP1 and 
FHIT genes in colorectal carcinoma were observed in a study 
by Bass et al (18), putatively due to structural fragility.

Taken together, in this study we have demonstrated that 
colorectal carcinomas may develop without the classic molec-
ular features of CIN, MSI and/or CIMP, but this is a rare event. 
We observed that UPD is frequent in the context of CIN and 
most likely does not define a separate molecular phenotype. 
Furthermore, with regard to methodology, our study supports 
the notion that SNP array hybridisations are rather reliable for 
genome-wide detection of deletions and UPD, but strongly 
discourages LOH analyses with polymorphic microsatellite 
markers for DNA from whole tissues.
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