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Genome wide expression profiling identifies genes
associated with colorectal liver metastasis
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Abstract. Tumour cells have to undergo gene expression
changes in order to metastasise and adapt to a new site. We
investigated these changes in liver metastases of colorectal
cancer by using genome-wide microarray analysis to profile the
expression of 48 primary tumours and 28 liver metastases.
Statistical analysis of these expression profiles using the
significance analysis of microarrays (SAM) method identified
778 genes differentially expressed between primary tumours
and metastases. Gene ontology analysis revealed that genes
associated with tissue remodelling and immune response were
upregulated in metastases relative to primary tumours, whereas
genes associated with proliferation and oxidative phos-
phorylation were downregulated. Quantitative real-time PCR
confirmed the differential expression of selected genes,
osteopontin, versican, ADAM17, CKS2, PRDX1, CXCR4,
CXCL12, and LCN2. The upregulation of genes associated
with tissue remodelling and immune response are likely to be
involved in metastatic invasion and colonisation of the new
site because these genes can promote tumour progression.
However, downregulation of genes associated with pro-
liferation suggests that proliferation in metastases was
reduced relative to primary tumours.

Introduction

Metastasis is the major cause of death amongst cancer patients.
Approximately 50% of colorectal cancer patients have
metastases in the liver, but only 10-20% of these patients can
undergo surgical resection. The 5-year survival rate following
surgical resection is only 30-40% (1).
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The molecular events enabling the metastatic process and
preferential spread to the liver are still not well-understood
for colorectal cancer. Colorectal tumour cells have to undergo
changes in gene expression through genetic mutation or in
response to new extracellular signals to disseminate from the
primary site and grow in the liver. These gene expression
changes have been investigated by using DNA microarrays to
profile colorectal tumours (2-6). However, only two micro-
array studies have compared the gene expression profile of
colorectal primary tumours with that of liver metastases (7,8).

We used DNA microarrays of 30,000 genes to profile the
gene expression of 48 primary colorectal tumours and 28
liver metastases. Our aim was to elucidate the gene expression
changes in colorectal tumour cells after metastasis to the liver
in order to determine how the tumour cells adapt to the liver
environment. We identified genes that are differentially
expressed between primary tumours and metastases through
statistical analysis of the microarray expression profiles. Gene
ontology analysis of these genes revealed biological functions
that relate to the adaptation of metastases to the new site and
the effect of the new host organ on the metastases. Quantitative
real-time PCR was carried out to confirm the differential
expression of selected genes.

Materials and methods

Tissue samples. Forty-eight primary colorectal tumours, 10
non-malignant colon tissues, 28 liver metastases and 10 non-
malignant liver tissues were obtained with appropriate ethical
approval from the surgery departments of public hospitals in
Dunedin and Auckland, New Zealand. All tissue samples
were snap-frozen following excision and stored at -80°C.
Formalin-fixed paraffin-embedded primary colorectal tumours
and liver metastases were obtained from the same sources.

Microarrays and reference RNA. Microarrays and reference
RNA were prepared by Pacific Edge Biotechnology Limited,
New Zealand. Microarray slides were epoxy-coated and printed
with the MWG Human 30K oligo set (MWG Biotech).
Reference RNA was RNA pooled from 17 cell lines of various
cancers.

RNA extraction. RNA was extracted from homogenised tissue
samples using TRI-reagent (Molecular Research Center), and
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Table I. Gene ontologies identified by EASE for genes upregulated in liver metastases relative to primary tumours.

Category Biological Total Ontology Ontologies upregulated EASE
function genes level in liver metastases score
Biological process Immune 24 2 Response to stress 0.000869
response 3 Response to wounding 0.00273
3 Response to pest/pathogen/parasite 0.000224
3 Immune response 0.000415
4 Inflammatory response 0.00347
Tissue 22 2 Cell communication 0.00128
remodelling 3 Cell adhesion 0.00187
Cellular component Tissue 22 1 Extracellular matrix 0.000159
remodelling
Molecular function Tissue 22 2 Receptor activity 0.0019
remodelling 2 Carbohydrate binding 0.00419
2 Extracellular matrix structural constituent 0.0078

purified with Qiagen RNeasy mini kit (Qiagen Sciences). Prior
to RNA extraction of liver metastases, 8-ym sections adjacent
to the area used for RNA extraction were stained with hema-
toxylin and eosin for microscopic examination to check the
presence of liver tissue.

Amino-allyl cDNA labelling and microarray hybridisation.
Amino-allyl cDNA labelling protocol was based on the DeRisi
Lab protocol (http://derisilab.ucsf.edu). Reverse transcription
of 10 pg total RNA of tumour samples or reference RNA was
performed using Supercript II RNase H- Reverse transcriptase
kit (Invitrogen), with Poly-dT VN (Proligo) primer, and a
50X mixture of amino-allyl conjugated dUTP (Sigma
Aldrich) and dNTP (Amersham Biosciences). Aminoallyl-
cDNA was conjugated with Cy5 or Cy3 monoreactive dye
packs (Amersham Pharmacia Biotech). Microarray slides
blocked with serum albumin were hybridised with the
mixture of labelled-cDNA and Ambion SlideHyb#1 for 18 h
at 42°C. Duplicate hybridisations were performed for 17
primary tumours, all liver metastases and all normal liver
samples.

Scanning and data normalisation. Microarrays were scanned
using a GenePix 4000B microarray scanner (Axon Instruments)
and GenePix Pro 4.1 software (Axon Instruments). Intensities
were normalised using SNOMAD methodology (9) modified
by R. Schaffer and F. Pichler (unpublished data).

Data filtering and clustering. Normalised intensity values of
all microarrays were collated and filtered using BRB-Array
tools version 3.2 (developed by Dr Richard Simon and
Amy Peng Lam, Biometric Research Branch, National Cancer
Institute). Unsupervised hierarchical clustering of the filtered
data was also performed with the same software, using centered
correlation and average linkage for the distance method.

Identification of differentially expressed genes. Significance
analysis of microarrays (SAM) implementation in TIGR
multi-experiment viewer (MeV) version 3.0 (The Institute for
Genomic Research) was used to identify genes with significant
differential expression between primary tumours and liver
metastases. Two SAM comparisons were carried out: liver
metastases versus ‘primary tumours group 1°, liver meta-
stases versus ‘primary tumours group 2’. Each group of
primary tumours consisted of 24 samples profiled on arrays
of a print run that differs from the other group of primary
tumours. Parameters used in both SAM comparisons were:
two-class unpaired, 1000 permutations, ‘Tusher e al method’
for selecting SO, K-nearest neighbours imputer (10 neighbours)
for replacing missing values. The delta value was adjusted such
that the median number of false significant genes was zero. A
minimum fold change of 1.5-fold was selected as the
threshold for genes to be differentially expressed between
metastases and primary tumours. Differentially expressed
genes that did not appear in both SAM comparisons (liver
metastases versus ‘primary tumour group 1’; liver metastases
versus ‘primary tumour group 2’) were excluded since these
genes may be false positives caused by print run differences.
Genes highly expressed in normal liver were also excluded
(explained in the next section). The remaining differentially
expressed genes were annotated using the MWG clone set
annotations from Resourcerer (http://compbio.dfci.harvard.
edu/tgi/cgi-bin/magic/r1.pl).

Identification of genes highly expressed in normal liver. Micro-
scopic examination estimated that liver metastases contained
20% liver tissue at most, thus genes with high expression in
the contaminating liver tissue could appear as false positives
amongst the genes upregulated in metastases relative to
primary tumours. These potential false positives were identified
as those upregulated by at least 7.5-fold in normal liver relative
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Figure 1. Unsupervised hierarchical clustering of tumour samples and normal tissues using the microarray expression profile of 11,238 genes. Distance
method is centered correlation with average linkage. NL, normal liver; LM, liver metastasis; P, primary colon cancer; NC, normal colon.

Table II. Gene ontologies identified by EASE for genes downregulated in liver metastases relative to primary tumours.

Category Biological Total Ontology Ontologies downregulated EASE
function genes level in liver metastases score
Biological process Chromosome 13 5 DNA metabolism 0.00953
organisation 6 DNA packaging 0.00576
8 Chromatin assembly/disassembly 0.00886
10 Nucleosome assembly 0.00263
Oxidative 21 6 ATP synthesis coupled 0.00076
phosphorylation electron transport
Cell 25 3 Cell proliferation 0.00533
proliferation 4 Mitotic cell cycle 0.00549
4 Regulation of progression 0.00688
through cell cycle
Cellular component Protein 5 2 Proteasome core complex 0.000696
catabolism (sensu Eukaryota)
Oxidative 21 4 Mitochondrion 2.41x10°
phosphorylation
Chromosome 13 4 Chromatin 2.48x107
organisation 5 Nucleosome 0.000835
Molecular function Oxidative 21 3 NADH dehydrogenase activity 0.00309
phosphorylation 3 Cation transporter activity 0.000287
5 Hydrogen ion transporter activity 1.86x10°

to normal colon according to SAM analysis of the expression
profiles of normal liver and normal colon (20% of 7.5-fold =
1.5-fold false positive, where 1.5-fold is the minimum fold
change chosen for genes differentially expressed between
metastases and primary tumours).

Identification of significant gene ontologies. Stastistically
significant gene ontologies among the differentially expressed
genes were identified using the web-based version of
expression analysis systematic explorer (EASE; http://david.
abcce.nciferf.gov/). Genes were submitted to the software
application in the form of Entrez Gene IDs.

Quantitative real-time PCR (QPCR). Total RNA (2 ug) was
reverse transcribed using Supercript II RNase H- reverse

transcriptase kit (Invitrogen) and oligo dT primer (Invitrogen).
QPCR was performed on an ABI Prism 7900HT sequence
detection system (Applied Biosystems) using Tagman gene
expression assays (Applied Biosystems). The exception was
CD44v10, which was analysed using in-house designed
primers and FAM-TAMRA probe (Proligo). Relative fold
changes were calculated using the 2-24°T method (10) with
topoisomerase 3A as the internal control. Reference RNA was
used as the calibrator to enable comparison between different
tissue types.

Results

Significance analysis of gene expression profiles. The gene
expression of colorectal primary tumours, liver metastases,
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Figure 2. Scatterplots of QPCR-measured gene expression. (A) Expression of genes confirmed to be significantly different between liver metastases and

primary tumours.

normal colon and normal liver samples were profiled using
30,000 oligonucleotide microarrays. Data filtering reduced
the number of genes to 11,220 for significance analysis.
Unsupervised hierarchical clustering of the tumours and normal
tissues using these 11,220 genes clustered the samples into
their respective groups, with only a few samples falling outside
their groups (Fig. 1).

SAM analysis identified 1,837 genes showing statistically
significant differential expression between the primary tumours
and liver metastases. From these 1,837 genes, 31 were likely
to be expressed by liver tissue, which included albumin and
alcohol dehydrogenase. These 31 liver genes were thus
excluded. Only 778 of the remaining 1,806 genes could be
annotated with a GenBank number and had a fold difference of
at least 1.5 between the primary tumours and liver metastases.
These 778 genes consisted of 341 genes upregulated and 437

genes downregulated in liver metastases relative to the primary
tumours.

Genes associated with immune response and tissue
remodelling are upregulated in liver metastases. Gene
ontology analysis identified immune response and tissue
remodelling as statistically significant biological functions
among the genes upregulated in liver metastases relative to
primary tumours (Table I).

Genes associated with immune response include genes
expressed by innate and adaptive immune cells, indicating
the presence of both types of immune cells in the tumour
stroma. Examples of genes expressed by innate immune
cells are the proteoglycan 3 PRG3 and natural killer cell
receptor NCR3. Genes expressed by adaptive immune cells
include the T-cell derived cytokine interleukin 17C and the



ONCOLOGY REPORTS 17: 1541-1549, 2007

1545

TLL2 CD4dv10
3.0 25
.
c 25 ¢ c
5 § 20 °*
g 20 L] ﬁ °
2 L 4 £ 15 *
15 . H !
$ 2 10 !
£ 10 . . -
& os l $ 3 s i :
1
00 . 0 ! . ‘ f
LM(n=26)  P(n=37) NL(n=7)  NC(n=9) LM (n=28) P (n=40)  NL(n=10) NC (n=8)
j
HMGA1 JuP
9 30
8 4
H 7 M c 25 4 ¢
7 ° 2 *
@6 o 20
£ 3 & PN 3
3 55 L d
. H 4
g3 £ 10 *
s s
g? * € s ! ’
0 R . . .
LM (n=28)  P(n=38)  NL(n=10) NC (n=8) LM (0=26) P (n=43)  NL(n=10) NC (n=10)
RET
25
° *
g 2 i Figure 2. Scatterplots of QPCR-measured gene expression. (B) Expression
8 15 °* of genes that failed the validation. Expression (y-axis) is relative to
?, * ¢ s reference RNA. LM, liver metastases; P, primary tumours; NL, normal
2101 s liver; NC, normal colon; n, number of samples analyzed for each tissue
]
< 3 roup.
¢ s . * . . group
0 S N S
LM(n=28)  P(n=43)  NL(n=10) NC (n=9)

B-cell membrane protein CD22. The presence of genes
expressed by immune cells is consistent with immune cell
infiltration observed microscopically in tissue sections of
metastases. Genes expressed by both immune cells and
tumour cells, such as the chemokine receptor CXCR4 and
its ligand CXCL12 (11), were also present in this gene
subset.

Genes associated with tissue remodelling mainly encode
extracellular matrix proteins, matricellular proteins, integrins,
proteases and cell adhesion molecules. Examples of such genes
are collagen type 1, fibronectin, osteopontin, ADAMI17,
versican and decorin.

Genes associated with proliferation and oxidative phos-
phorylation are downregulated in liver metastases. Several
statistically significant biological functions were found
among genes downregulated in liver metastases relative to
primary tumours (Table II). Two biological functions that
could relate to the effect of the liver on the metastases are cell
proliferation and oxidative phosphorylation. Genes associated
with cell proliferation mainly encode proteins involved in
cell cycle processes such as CDC2, CKS2, MCM2, MCM6
and MKI67. Genes associated with oxidative phosphorylation
encode proteins for the mitochondrial electron transport chain,
which are subunits of Complex I, Complex III, Complex IV
and Complex V.

Validation by quantitative real-time PCR (QPCR). The
mRNA expression of selected genes were analysed by QPCR
to confirm differential expression between liver metastases
and primary tumours. Eight out of 13 genes were differ-
entially expressed (Table III and Fig. 2).

CXCL12, CXCR4, osteopontin, ADAM17 and versican
were confirmed to have higher expression in metastases than
primary tumours. The expression levels of these five genes
were also higher in metastases than normal liver, except for
CXCL12 (Fig. 2A). CKS2, LCN2 and PRDX1 were also
confirmed to be downregulated in metastases relative to
primary tumours (Table IIT). The expression level of these
3 genes were the highest in primary tumours among all the
tissues analysed (Fig. 2A).

RET, CD44v10, HMGA1, JUP and TLL2 were not
significantly differentially expressed according to QPCR
(Table III and Fig. 2B), highlighting the importance of
validating microarray data (12,13).

Discussion

The gene expression of colorectal primary tumours and liver
metastases were profiled on microarrays. Unsupervised
hierarchical clustering of these expression profiles could
classify the tumours into their respective groups, demon-
strating that liver metastases have a different gene expression
profile from primary tumours. SAM analysis between primary
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Table III. Results of QPCR validation of selected genes.
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QPCR validation
Gene Gene name Entrez Number Microarray  QPCR P-value of Significant
symbol Gene  of samples fold fold LM vs.P difference
ID (LM/P) change change (one-tail T-test,
(LM/P) (LM/P) a=0.01)
CSPG2 Versican (chondroitin sulphate 1462 28/44 2.6 8.6 2.4x1010 Yes
proteoglycan 2)
CXCR4 Chemokine (C-X-C motif) 7852 28/40 19 53 1.6x10®
receptor 4
ADAMI17 A disintegrin and 6868 26/39 1.8 1.7 8.6x10°
metalloproteinase domain 17
PRDX1 Peroxiredoxin 1 5052 28/40 1/1.8 1/2.3 0.00014
SPP1 Osteopontin (secreted 6696 28/44 5.8 9.7 0.00042
phosphoprotein 1)
CXCL12  Chemokine (C-X-C motif) 6387 25/44 1.6 2.8 0.00056
ligand 12
CKS2 CDC28 protein kinase 1164 28/40 122 1/2.3 0.0012
regulatory subunit 2
LCN2 Lipocalin 2 (oncogene 24p3) 3934 28/40 1/5 1/25 0.0014
TLL2 Tolloid-like 2 7093 25/37 55 1/1.9 - No
CD44v10  Soluble CD44 with exon v10 960 28/40 20 1.1 0.31
extension
HMGA1  High mobility group AT-hook 1 ~ 3159 28/38 1/1.6 1/14 0018
JUP Junction plakoglobin 3728 26/43 1/2.0 /1.2 0.13
RET Ret proto-oncogene 5979 28/43 2.6 13 03

tumours and metastases identified a list of differentially
expressed genes but none of the 778 differentially expressed
annotated genes were in common with the six genes reported
by D'Arrigo et al and the 40 genes reported by Yanagawa et al
(7,8). Despite the lack of concordance with these two
microarray studies, our list of differentially expressed genes
comprised genes that agree with studies using non-microarray
methods to investigate gene expression in tumours (cited
throughout discussion).

The lack of concordance with microarray studies is likely
due to differences in array clone sets or tissue specificity.
Arrays used by D'Arrigo et al and Yanagawa et al were
cDNA arrays of 7,864 and 9,121 genes, respectively (7,8). Both
studies analysed matched tumour pairs which were subjected
to laser-capture microdissection of tumour cells. The tumour
samples in our investigation were processed whole to take
account of the biology of the tumour stroma because many
studies have shown that tumour growth is influenced by the
tumour stroma (14-16).

Tumour stroma not only consists of extracellular
matrix, but also comprises vascular cells, immune cells and
fibroblasts. These cells can secrete cytokines, growth
factors and enzymes that can promote tumour progression.
Studies of cancer-associated fibroblasts promoting
malignant-transformation and tumour growth were reviewed
by Bhowmick et al (15) and Mueller and Fusenig (16). Gene
expression changes between tumour stroma of metastases
and primary tumours which may contribute to tumour
progression can thus be observed by processing the tumour
samples whole.

We found that genes associated with tissue remodelling and
immune response were upregulated in liver metastases relative
to primary tumours. Tissue remodelling and immune response
are processes associated with wound-healing. Tumours are
referred to as ‘wounds that do not heal’ because extracellular
matrix changes and inflammatory processes similar to that of
wound healing are observed in the tumour site (17). The genes
associated with tissue remodelling and immune response may
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be expressed by either tumour stromal cells or tumour cells.
Expression of these genes by stromal cells would indicate that
the tumour stroma of metastases is different from the primary
tumour and may be enabling the growth of colorectal tumour
cells in a different environment. Regardless of the source of
expression, the proteins encoded by these genes can influence
tumour invasion and growth.

Genes associated with tissue remodelling found to be
upregulated in liver metastases relative to primary tumours
include those that encode collagens, fibronectin and proteo-
glycans, which are commonly found in tumour stroma (18-20).
Such extracellular matrix molecules are not only important for
structural support, but can also promote angiogenesis, growth
and invasion, as illustrated by versican in cell line studies
(21,22). Increased versican expression was reported in
colorectal primary tumours relative to normal colon (23), and
our QPCR analysis showed that versican was upregulated
in liver metastases relative to primary tumours, indicating
that increasing levels of versican may be associated with
colorectal cancer progression.

Two other tissue remodelling genes confirmed by QPCR
analysis to be upregulated in liver metastases relative to
primary tumours are osteopontin and ADAM17. Osteopontin,
a matricellular protein important in tissue repair was shown
to enhance the motility and invasiveness of colorectal cancer
cells (24). Osteopontin is likely to be important in colorectal
cancer progression, as its expression in colorectal cancer was
shown to increase with tumour progression (25). Furthermore,
in vivo studies showed that osteopontin silencing reduced
colorectal metastases growth in mice (26).

ADAMI17 is a transmembrane protease that may be
involved in modulating extracellular matrix turnover in tumour
stroma as it can cleave proteoglycans such as versican (27)
and collagen IV (28). This enzyme has been reported to be
upregulated in colorectal primary tumours relative to normal
colon (29). Another potential role of ADAM17 in the
metastatic process is to promote inflammation since the
proteolytic action of the enzyme can also release membrane-
bound cytokines such as tumour necrosis factor-a (28).

The increased expression of genes associated with tissue
remodelling in metastases relative to primary tumours may be
a mechanism that enables colorectal tumour cells to invade
and colonise the liver, since these genes encode molecules
that can influence invasion and growth. By remodelling the
surrounding tissue, the metastatic colorectal cells may be
creating a suitable microenvironment to support growth in a
foreign organ.

As previously mentioned, the inflammatory processes
observed in tumours are similar to that of wound-healing.
Inflammation is linked to the development of cancer, and the
paradoxical role of immune cells on cancer progression was
recently discussed by de Visser et al (30). One of the functions
of immune cells is to eliminate damaged cells but studies are
demonstrating that immune cells can promote tumour
progression through inflammatory processes (30). We found
that genes expressed by the innate and adaptive immune cells
were upregulated in metastases relative to primary tumours,
indicating the presence of chronic inflammation in metastases.
Inflammation is likely to be induced by the host liver as a
defence response against the foreign invading tumour cells,
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but inflammation can also stimulate tumour growth. Chronic
activation of innate immune cells can modulate cell survival,
angiogenesis and tissue remodelling through the production
of growth factors, cytokines and metalloproteinases (30).
Studies in mouse models have shown that the attenuation of
innate immune cell infiltration reduces tumour development
(30).

Certain genes expressed by immune cells may also be
expressed by tumour cells, as illustrated by the chemokine
receptor CXCR4 and its ligand CXCL12 (11). The proteins
encoded by both of these genes are involved in the trafficking
of immune cells to injured tissue, and their expression was
observed in various cancers including colorectal cancer (11,31).
Our QPCR analysis confirmed the upregulation of both genes
in metastases relative to primary tumours. Since CXCL12-
CXCR4 signalling can induce cell migration, these proteins
may be involved in invasion of colorectal tumour cells in liver.
Additionally, CXCL12 can induce angiogenesis by regulating
endothelial cell trafficking and responses (32). In vivo studies
using xenograft techniques on mice showed that CXCL12
from carcinoma-associated stromal fibroblasts of breast
tumours promoted angiogenesis in breast tumours (33). High
CXCR4 expression in colorectal cancer was reported to
correlate with poor prognosis and metastasis (34). In vivo
studies on mice demonstrated that CXCR4 was required for the
growth of colorectal metastases in distant organs, as micro-
metastases formed by CXCR4-deficient tumour cells did not
expand (35).

We found that genes associated with proliferation were
downregulated in liver metastases relative to primary tumours.
These genes mainly encode proteins involved in cell cycle
processes such as CDC2, CKS2, MCM2, MCM6 and Ki67,
and thus are indicators of cell proliferation. Downregulation
of such genes indicate that colorectal tumour cells were not
proliferating in the liver as rapidly as in the colon, which was
an unexpected finding since tumour progression is usually
associated with increased proliferation of tumour cells.
Decreased proliferation of liver metastases relative to colo-
rectal primary tumours has been reported by other studies
using Ki67 or PCNA immunostaining to assess proliferation
(36,37). We also found that genes encoding the mito-
chondrial electron transport chain were downregulated in
metastases relative to primary tumours, which would be
consistent with decreased energy requirements of reduced
proliferation.

Our QPCR confirmed that the expression of two genes
associated with proliferation, CKS2 and PRDX1, were
upregulated in primary tumour samples relative to normal
colon, but were downregulated in metastases relative to
primary tumours, indicating decreased proliferation of
metastatic cells. CKS2 protein is essential for the function of
cyclin dependent kinases. PRDX1 protein is an antioxidant
enzyme with proliferative properties where fibroblasts
lacking PRDX1 showed decreased proliferation (38).

The reduced expression of genes associated with
proliferation in metastases suggests that the proliferative
activity of tumour cells may be affected by the liver micro-
environment which may be lacking appropriate growth signals.
It is unlikely that the downregulation of these genes were
caused by the anti-proliferative effect of the systemic chemo-
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therapy drugs fluorouracil and leucovorin which were given
to 70% of the patients prior to liver resection. SAM
comparison between the gene expression profile of
metastases from chemotherapy-treated patients and non-
treated patients did not identify any differentially expressed
genes, thus ruling out the possiblity of chemotherapy
influencing the proliferation of metastases.

In summary, our study shows that liver metastases undergo
gene expression changes that distinguishes them from primary
tumours. These gene expression changes are likely to be
important for the invasion and colonisation of metastases in
the new organ site, as illustrated by the upregulation of genes
associated with tissue remodelling and immune response which
can enhance tumour progression. We also found that genes
associated with proliferation were downregulated in metastases
relative to primary tumours, which may be caused by the
liver microenvironment. The decreased proliferative activity
in metastases relative to primary tumours is currently being
investigated.
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