FULL PAPER

B)C

Keywords: MMPs; angiogenic cytokines; stroma; primary colorectal cancer; metastases

Tumour-site-dependent expression profile
of angiogenic factors in tumour-associated
stroma of primary colorectal cancer

and metastases

C Kahlert'®, M Pecqueuxz's, N Halama®, H Dienemann®, T Muley4, J Pfannschmidt?, F Lasitschka®, F Klupp1,
T Schmidt’, N Rahbari', C Reissfelder?, C Kunz®, A Benner®, C Falk’, J Weitz> and M Koch™*?

"Department of General, Visceral and Transplantation Surgery, National Center for Tumor Diseases and Hamamatsu Tissue Imaging and
Analysis (TIGA) Center, Institute for Medical Biometry and Informatics, University of Heidelberg, Im Neuenheimer Feld 110, 69120,
Heidelberg, Germany; 2Department of General, Visceral and Thoracic Surgery, University of Dresden, Fetscherstrasse 74, 01307 Dresden,
Germany; *Department of Medical Oncology, National Center for Tumor Diseases and Hamamatsu Tissue Imaging and Analysis (TIGA)
Center, Institute for Medical Biometry and Informatics, University of Heidelberg, Heidelberg, Germany; *Department of Thoracic Surgery,
Thoraxklinik am Universitatsklinikum Heidelberg, Amalienstrasse 5, 69126 Heidelberg, Germany; °Institute of Pathology, University of
Heidelberg, Im Neuenheimer Feld 220, 69120 Heidelberg, Germany; SDivision of Biostatistics, German Cancer Research Center,
Im Neuenheimer Feld 280, 69120 Heidelberg, Germany and “Medizinische Hochschule Hannover, Institut fir Immunologie,
Carl-Neuberg-Straie 1, 30625 Hannover, Germany

Background: Tumour-associated stroma has a critical role in tumour proliferation. Our aim was to determine a specific protein
expression profile of stromal angiogenic cytokines and matrix metalloproteinases (MMPs) to identify potential biomarkers or new
therapy targets.

Methods: Frozen tissue of primary colorectal cancer (n=25), liver (n=25) and lung metastases (n=23) was laser-microdissected
to obtain tumour epithelial cells and adjacent tumour-associated stroma. Protein expression of nine angiogenic cytokines and
eight MMPs was analysed using a multiplex-based protein assay.

Results: We found a differential expression of several MMPs and angiogenic cytokines in tumour cells compared with adjacent
tumour stroma. Cluster analysis displayed a tumour-site-dependent stromal expression of MMPs and angiogenic cytokines.
Univariate analysis identified stromal MMP-2 and MMP-3 in primary colorectal cancer, stromal MMP-1, -2, -3 and Angiopoietin-2 in
lung metastases and stromal MMP-12 and VEGF in liver metastases as prognostic markers (P>0.05, respectively). Furthermore,
stroma-derived Angiopoietin-2 proved to be an independent prognostic marker in colorectal lung metastases.

Conclusion: Expression of MMPs and angiogenic cytokines in tumour cells and adjacent tumour stroma is dependent on the
tumour site. Stroma-derived MMPs and angiogenic cytokines may be useful prognostic biomarkers. These data can be helpful to
identify new agents for a targeted therapy in patients with colorectal cancer.

Malignant tumours consist of a complex structure that is heterogenous group of stromal cells such as fibroblasts, endothelial
composed of malignant cancer cells and the surrounding tumour  cells, pericytes and inflammatory cells, which are embedded in the
microenvironment. The tumour microenvironment contains a  extracellular matrix (Sund and Kalluri, 2009). Via a continuous
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cross-talk between cancer cells and their cellular and extracellular
microenvironment, tumour stroma exerts substantially influence on
tumour progression and dissemination (Gout and Huot, 2008).
However, the tumour microenvironment has a bimodal role in
cancer: on one hand, it notably supports cancer cells in proliferation
or forming new blood vessels for nutritive supply by releasing pro-
tumorigenic cytokines and angiogenic factors (Kessenbrock et al,
2010; Sakurai and Kudo, 2011). On the other hand, tumour-
associated stroma cells can release MMPs or tumour-inhibiting
cytokines, which have rather a protective role against tumour growth
and metastasis (Noel et al, 2012). Therefore, tumour stroma-derived
angiogenic factors and MMPs might be promising targets for cancer
therapy and could be utilised as a potential source for substantial
biomarkers. Recent studies have reported that a stromal gene
signature predicts clinical outcome in primary breast cancer and
esophageal adenocarcinoma (Finak et al, 2008; Farmer et al, 2009;
Saadi et al, 2010). Thus, stroma-derived expression signatures might
complement clinical staging for risk stratification in patients with
cancer, hence aiding to develop a ‘tailored’ therapy for an improved
clinical outcome. Moreover, stroma-derived expression signatures
may help to identify target genes, which would be suitable for new
treatment approaches. Recent studies have solely focused on the
expression profile on mRNA transcript level. The complex interac-
tions between MMPs and angiogenic cytokines, however, are mainly
modulated on the protein level (Gialeli et al, 2011). In this study, we
performed a protein analysis using the new technology of a multiplex-
based angiogenic cytokine and MMP assay. This assay allowed us to
quantify the expression of nine angiogenic cytokines and eight MMPs
in laser-microdissected tissue samples from colorectal cancer cells and
adjacent tumour stroma. We thereby provided a detailed angiogenic
protein profile for primary colorectal cancer, colorectal liver
metastases and colorectal lung metastases.

MATERIALS AND METHODS

Patient characteristics and data collection. Tissue collection was
approved by the Ethics Committee of the University of Heidelberg.
A written informed consent for the tissue sampling was obtained
preoperatively from all patients and the planned analyses regarding
potential prognostic markers. For analysis, kryo-frozen tissue
samples were retrieved from 25 primary colorectal adenocarcino-
mas, 25 colorectal liver metastases and 23 colorectal lung
metastases. All samples were obtained from different individuals.
Patients with primary colorectal cancer or colorectal metastases
underwent tumour resection between 2004 and 2009 at the
Department of General, Visceral, and Transplantation Surgery,
University of Heidelberg. Patients with colorectal lung metastases
were operated at the Department of Thoracic Surgery, University
of Heidelberg between 2003 and 2008. Clinical information was
obtained for all patients including variables such as age, gender,
TNM classification, grading, tumour location (in case of primary
colorectal cancer) and cancer-specific survival (time from diagnosis
to cancer-related death or last follow-up).

Clinical specimens. Immediately after resection, samples were
snap-frozen in liquid nitrogen and stored at — 80 °C until further
processing. A 10-um reference section of each sample was cut and
stained with hematoxylin and eosin by standard methods to
evaluate the proportion of tumour tissue and adjacent tumour
stroma. Samples with a tumour stroma proportion >30% were
included in this study.

Microdissection
Tissue preparation and laser microdissection. Twenty-micro-

metre sections were cut from the frozen tissue using a cryostat
(Leica, Wetzlar, Germany), mounted on Zeiss membrane slides

(Carl Zeiss microimaging, Jena, Germany), stained with cresyl
violet using an LCM Staining Kit (Ambion/Applied Biosystems,
Darmstadt, Germany) and stored at —80°C wuntil further
processing. Tumour (40 mm?) tissue and adjacent tumour stroma
(40 mm?) were microdissected using a PALM Microbeam (Carl
Zeiss microimaging). Microdissected tissue was transferred to an
adhesive cap (Carl Zeiss) and stored immediately at — 80 °C until
further processing.

Protein lysates. Microdissected tissue samples were lysed in Bio-
PlexLysis Buffer, and protein concentrations were evaluated as
reported recently (Halama ef al, 2011). Briefly, concentration of all
lysates was determined using a BCA protein assay kit (Thermo
Scientific, 58239 Schwerte, Germany). Subsequently, samples were
adjusted to a total protein concentration of 150 ugml~ ' and
quantified using the BioRadBio-Plex Human Angiogenesis Assay
(Bio-Rad Laboratories, Inc., Hercules, CA 94547, USA) and the
Millipore MILLIPLEX MAP Human MMP Panels 1 and 2
(Millipore, 290 Concord Road, Billerica, MA, USA) according to
the manufacturer’s instructions. These panels included the
following proteins: angiopoietin-2, follistatin, granulocyte colony-
stimulating factor (G-CSF), hepatocyte growth factor (HGF),
interleukin-8 (IL-8), leptin, platelet-derived growth factor beta
(PDGE-BB), platelet endothelial cell adhesion molecule-1
(PECAM-1), vascular endothelial growth factor (VEGF), matrix
metalloproteinase (MMP)-1, -2, -3, -7, -9, -10, -12 and -13.
Standard curves and concentrations were calculated with Bio-Plex
Manager 4.1.1 on the basis of the 5-parameter logistic plot
regression formula. The detection sensitivity of all analysed
samples ranged from 2pgml ™' to 30 ngml ~".

Statistical analysis. The statistical analysis is based on the
log-transformed values of MMPs and angiogenetic cytokines.
Wilcoxon rank sum tests were used to test the pairwise associations
of MMPs and angiogenetic cytokines. Pairwise signed-ranked
Wilcoxon tests were implemented to analyse association between
tumour and stromal tissue. P-values were adjusted for multiple
testing using Hochberg’s method (Hochberg, 1988). A cluster
analysis was used to identify patient groups with similar expression
patterns. For cluster analysis, the distance between two clusters was
measured by Ward’s method (Ward, 1963). Heatmaps including
dendograms visualise the expression values and clustering of the
patients. The influence of single MMPs and angiogenetic cytokines
on cancer-specific survival was assessed by univariate analysis
using the log-rank test. The Cox proportional hazards regression
model was conducted on all covariates that showed a significant
association with cancer-specific survival in the univariate analysis.
P-values <0.05 were considered to be significant. The statistical
analysis was performed using R version 2.14.0 and 2.15.3 (http://www.
r-project.org) and SPSS version 21.0 (IBM, New York, NY, USA).

RESULTS

Patient characteristics. In our study, we have included 25
specimens of primary colorectal cancer, 25 specimens of colorectal
liver metastases and 23 tissue samples from colorectal lung
metastases (Supplementary Table 1). The median age of patients
at the time of tumour resection was 69 years. Forty-nine patients
were male and 24 were female. Eleven patients with primary
colorectal cancer were diagnosed at the UICC stage II, 11 patients
at the UICC stage III and three patients with the UICC stage IV.
Eight out of 25 patients with colorectal liver metastases were
suffering from synchronous disease and 17 specimens were
retrieved from metachronous liver metastases. All specimens of
colorectal lung metastases were obtained from metachronous
secondary tumour sites. Five patients with rectal cancer were
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Figure 1. Twenty-five samples of primary colorectal cancer (CRC), 25 samples of colorectal liver metastases (liver) and 23 samples of colorectal
lung metastases (lung) were subjected to laser microdissection to obtain separately tumour and stroma tissues. After lysis, protein expression
was determined using the new technology of a multiplex-based angiogenic cytokine and MMP assay. Expression analysis included angiopoietin-2,
follistatin, G-CSF, HGF, IL-8, leptin, PDGF-BB, PECAM-1, VEGF, MMP-1, -2, -3, -7, -9, -10, -12 and -13 in tumour epithelial cells (red) and

tumour-associated stroma (green). Unit: pgml ~". Each dot represents a single analysis of one tumour/stroma sample. P-values were adjusted
for multiple testing using Hochberg’s method. *P<0.05.

treated preoperatively by radiochemotherapy and 12 patients with  preoperative chemotherapy was applied within 3 months before
primary colorectal cancer received postoperative adjuvant treat- liver surgery. All patients with lung metastases were chemother-
ment. In 10 out of 25 patients with colorectal liver metastases, apy-naive 3 months prior to surgical resection.
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Stromal vs epithelial expression of MMPs and angiogenic
cytokines. We started our approach by analysing the stromal vs
epithelial expression of eight MMPs and nine angiogenic cytokines
in primary colorectal cancer, and colorectal liver and lung
metastases (Figure 1 and Table 1).

Significantly higher expression between tumour and tumour
stroma were found:. in all three tumour sites:

e for tumour-derived VEGF
o for stroma-derived angiopoietin-2, HGF and MMP-3.

in primary colorectal cancer and lung metastases:

o for stroma-derived follistatin, G-CSF, PECAM-1, MMP-1 and -2
in lung and liver metastases:

o for tumour-derived IL-8
only in primary colorectal cancer:

o for tumour-derived PDGF
o for stroma-derived leptin

only in colorectal lung metastases:
o for stroma-derived MMP-10

only in colorectal liver metastases:
o for tumour-derived leptin.

o for stroma-derived MMP-9

MMP-12 and MMP-13 were not differentially expressed
between tumour cells and the stromal compartment in all three
tumour sites. In colorectal liver metastases, MMP-13 was below the
detection threshold in the tumour compartment in all samples and
in the stromal compartment in 23 out of 25 samples.

Tumour site-dependent expression of MMPs and angiogenic
factors. In a second approach, we compared the expression profile
of MMPs and angiogenic factors in relation to the tumour site.
Interestingly, this analysis revealed a heterogenous expression
signature of single MMPs and angiogenic cytokines between
primary colorectal cancer, and colorectal liver and lung metastases
(Figure 1). Significant differential expression (P<0.05) was found
(Table 2):

e in primary colorectal cancer vs lung metastases:

e for two stroma-derived MMPs and two tumour-derived MMPs

e in primary colorectal cancer vs liver metastases:

e for 12 stroma-derived factors and for 10 tumour-derived factors

e in liver vs lung metastases:

o for 10 stroma-derived factors and for 10 tumour-derived factors.
A cluster analysis of the expression of all tumoral and stromal

MMPs and angiogenic cytokines was performed for all patients

(Figure 2), revealing two cluster groups with a different expression

profile. Cluster 1 included 21 out of 25 colorectal liver metastases

and no sample from any other tumour site. Cluster 2 included all

samples from primary colorectal cancer and lung metastasis as well
as four liver metastasis. Cluster 1 was characterised by a higher

Table 1. Expression analysis of nine angiogenetic cytokines and eight MMPs in tumour cells and adjacent tumour stroma in primary colorectal cancer,

liver metastases and lung metastases

| Primary colorectal cancer | Liver metastases [ Lung metastases |
Cytokines/MMPs Stroma Tumour P-value Stroma Tumour P-value Stroma Tumour P-value
Angiopoietin-2 26.5 7.1 0.004 98.5 32.0 0.002 56.2 8.5 0.003
Follistatin 215.8 79.5 <0.001 172.6 180.7 0.83 311.0 63.6 <0.001
G-CSF 9.1 5.8 0.002 14.0 14.3 0.83 9.9 6.4 0.03
HGF 1283.7 667.5 0.002 812.5 3125 <0.001 1444.0 773.6 0.002
IL-8 190.4 176.8 0.97 178.1 700.1 <0.001 100.5 296.7 0.02
Leptin 264.8 228.9 0.02 162.2 208.2 0.005 246.3 245.5 0.96
PDGF-BB 19.5 17.0 0.41 23.8 33.6 <0.001 18.9 21.5 0.75
PECAM-1 22617.6 5887.1 <0.001 6420.8 5841.0 0.83 20709.5 6980.9 <0.001
VEGF 30.0 217.5 <0.001 94.1 474.0 <0.001 38.1 182.3 <0.001
MMP-1 1424.4 197.2 0.007 94.3 65.9 0.17 397.1 176.2 0.01
MMP-2 4218.3 914.6 <0.001 2098.3 1780.7 0.66 1860.0 852.9 <0.001
MMP-3 1155.1 152.0 <0.001 50.5 14.6 <0.001 75.0 22.8 0.001
MMP-7 174.6 500.3 0.63 107.7 258.8 0.24 218.6 323.4 0.61
MMP-9 7094.3 6068.4 0.45 1495.4 10561.7 <0.001 4423.2 6270.2 0.15
MMP-10 16.4 13.9 0.97 19.7 21.8 0.83 46.0 14.7 0.003
MMP-12 2007.2 3677.2 0.07 2893.3 3209.6 0.83 8452.6 17155.9 0.61
MMP-13 50.4 41.1 0.97 < 43 < 3.9 NA 291 23.0 0.61
Abbreviations: G-CSF = granulocyte colony-stimulating factor; IL-8 = interleukin-8; MMP = matrix metalloproteinase; PDGF-BB = platelet-derived growth factor beta; PECAM-1=platelet
endothelial cell adhesion molecule-1; VEGF =vascular endothelial growth factor. Tumour and stroma data are compared in the different tumour entities by pairwise signed-rank (paired)
Wilcoxon tests. Reported are P-values adjusted for multiple testing procedures (using Hochberg’s method). Units: pgml~". P-values <0.05 are indicated in bold.
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Table 2. Tumour-site-dependent expression analysis of nine angiogenic cytokines and eight matrix metalloproteinases (MMP) in tumour cells and

adjacent tumour stroma from primary colorectal cancer (n=25), colorectal liver metastases (n= 25) and lung metastases (n= 25)

Cytokines/MMPs | Compartment Pri::r;anrge::(zlcoRrgztal Liver rz?-ciel\tna)stases Lung :\Ej'th)stases CEICIZVI vs CEEMVS L:-I\S '\;I/s
Angiopoietin-2 Tumour 7.1 320 8.5 <0.001 <0.001
Stroma 26.5 98.5 56.2 <0.001
Follistatin Tumour 79.5 180.7 63.6 <0.001 <0.001
Stroma 215.8 172.6 311.0
G-CSF Tumour 58 14.3 6.4 <0.001 0.02
Stroma 9.1 14.0 9.9 <0.001 <0.001
HGF Tumour 667.5 312.5 773.6 <0.001
Stroma 1283.7 812.5 1444.0 0.03
IL-8 Tumour 176.8 700.1 296.7 <0.001
Stroma 190.4 178.1 100.5
Leptin Tumour 228.9 208.2 2455
Stroma 264.8 162.2 246.3 <0.001 <0.001
PDGF-BB Tumour 17.0 33.6 215 <0.001 <0.001
Stroma 19.5 23.8 18.9 <0.001 0.02
PECAM-1 Tumour 5887.1 5841.0 6980.9
Stroma 22617.6 6420.8 20709.5 <0.001 <0.001
VEGF Tumour 217.5 474.0 182.3 <0.001 0.001
Stroma 30.0 94.1 38.1 <0.001
MMP-1 Tumour 197.2 65.9 176.2 <0.001 0.002
Stroma 1424.4 94.3 397.1 <0.001 <0.001
MMP-2 Tumour 914.6 1780.7 852.9 <0.001 0.002
Stroma 4218.3 2098.3 1860.0 <0.001 0.03 0.02
MMP-3 Tumour 152.0 14.6 22.8 <0.001 0.005
Stroma 1155.1 50.5 75.0 <0.001 <0.001
MMP-7 Tumour 500.3 258.8 3234 <0.001
Stroma 174.6 107.7 218.6 0.04 0.009
MMP-9 Tumour 6068.4 10561.7 6270.2
Stroma 7094.3 1495.4 4423.2 <0.001 <0.001
MMP-10 Tumour 13.9 21.8 14.7 <0.001 0.001
Stroma 16.4 19.7 46.0 <0.001 0.01
MMP-12 Tumour 3677.2 3209.6 17155.9
Stroma 2007.2 2893.3 8452.6
MMP-13 Tumour 41.1 < 3.9* 23.0 N/A 0.003 N/A
Stroma 50.4 < 4.3* 29.1 N/A N/A
Abbreviations: G-CSF = granulocyte colony-stimulating factor; IL-8 = interleukin-8; MMP = matrix metalloproteinase; PDGF-BB = platelet-derived growth factor beta; PECAM-1=platelet
endothelial cell adhesion molecule-1; VEGF =vascular endothelial growth factor. Tumour and stroma data are compared in the different tumour entities by pairwise signed-rank (paired)
Wilcoxon tests. Reported are P-values adjusted for multiple testing procedures (using Hochberg's method). Units: pgml ~ .

expression of angiogenic cytokines and a lower expression of
MMPs compared with cluster 2.

Expression of stromal MMPs and angiogenic cytokines in
correlation with prognosis in patients with primary colorectal
cancer, and liver and lung metastases. To evaluate an association
between the stromal and tumour epithelial expression of
angiogenetic factors/MMPs and clinical outcome, samples were
dichotomised according to the median expression value of each
single factor. Low expression was defined as protein levels lower or
equal to the median value in contrast to a high expression where
the protein level was higher than the median value. Univariate
analysis by log-rank test revealed that low stromal expression of

MMP-2 and MMP-3 was associated with a significantly shorter
overall survival in primary colorectal cancer (Supplementary
Table 1, Figure 3). For colorectal liver metastases, high expression
of stroma-derived MMP-12 and stroma-derived VEGF correlated
with a dismal prognosis (Supplementary Table 2, Figure 3). For
colorectal lung metastases, high expression of stroma-derived
MMP-1, MMP-2 and MMP-3 was a significant indicator for a
more favourable clinical outcome, whereas high expression of
stromal angiopoietin-2 was associated with a reduced cancer-
specific survival (Supplementary Table 3, Figure 3). Finally,
multivariate analysis by a Cox regression model for each tumour
site proved angiopoietin-2 as an independent prognostic marker
for cancer-specific survival in lung metastases (Table 3,
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Figure 2. Tumour-site-dependent expression of MMPs and angiogenetic factors. Cluster analysis including all tumorous and stromal MMPs and
angiogenic cytokines reveals a distinct expression pattern discriminating between primary colorectal cancer and lung metastases vs colorectal liver
metastases. The expression pattern of colorectal liver metastases is characterised by a higher abundance of angiogenic cytokines and a lower
expression of MMPs compared with primary colorectal cancer and lung metastases.

Supplementary Tables 4 and 5) (hazard ratio stromal angiopoietin-
2: 7.6; CI: 1.021-50.2 (P = 0.048)).

DISCUSSION

The continuous cross-talk between cancer cells and tumour
microenvironment-associated cells has a significant role in tumour
carcinogenesis and tumour progression. Apart from tumour cells,
the tumour microenvironment is a crucial source of angiogenic
cytokines, proteases and vascular stimulating factors, which are
important to maintain the intercellular communication (Kalluri
and Zeisberg, 2006; Orimo and Weinberg, 2006). This is the first
study describing and quantifying a distinct protein expression
profile of angiogenic cytokines and MMPs in tumour cells and
surrounding tumour stroma of primary colorectal cancer as well as
liver and lung metastases. Our results confirm the findings of
several previous studies assessing the mRNA expression pattern of
MMPs and angiogenic factors in colorectal cancer cells and
adjacent stroma. For example, Poulsom et al (1992) and Chan ef al
(2001) described a strong stromal expression of MMP-2 in primary
colorectal cancer. Likewise, RNA in situ hybridisation against
MMP-9 revealed an abundant expression in stroma-associated
macrophages in primary colorectal cancer but only a low
expression in corresponding liver metastases (Illemann et al,
2006). In contrast, mRNA expression of VEGF is mainly confined
to colorectal cancer cells in comparison to stromal cells (Wong
et al, 1999). These studies are in good accordance with our protein
expression results and show a good correlation between mRNA
expression and protein expression.

As one of our main findings, we provide evidence that, besides
tumour cells, the tumour-associated stroma is a relevant origin of
angiogenic cytokines and MMPs in primary colorectal cancer and

metastases. We show that MMP-3, Angiopoietin-2 and HGF are
upregulated in adjacent tumour stroma compared with tumour
cells in all tumour sites. Moreover, this is the first study revealing
that the expression profiles of several angiogenic cytokines and
MMPs are dependent on the tumour site. Intriguingly, there is a
strong overlap of the expression signature of primary colorectal
cancer and lung metastases, whereas colorectal liver metastases
display a distinct expression pattern with >10 differentially
regulated angiogenic cytokines/MMPs compared with the two
other tumour sites. This finding may be of important relevance in
the context of a potential targeted therapy against angiogenic
cytokines or MMPs. In fact, anti-VEGF treatment by bevacizumab
has an important role in first-line treatment of metastatic
colorectal cancer (Macedo et al, 2012). Our data give evidence
that VEGF is increased in tumour cells of colorectal liver
metastases by an approximate two-fold change compared with
lung metastases and primary colorectal cancer, respectively.
Likewise, stromal angiopoietin-2, which is currently tested as a
target for antitumour in clinical trials (Mita et al, 2010; Karlan et al,
2012), shows an approximately four-fold increase in colorectal liver
metastases compared with primary colorectal cancer, and a two-
fold upregulation in liver metastases vs lung metastases. In
conclusion, the tumour-site expression analysis of potential
therapeutical target cytokines might be useful to refine the
individual treatment of patients with colorectal cancer in the
context of a ‘tailored’ therapy.

Finally, we have evaluated the relation between stroma- and
tumour-derived angiogenic cytokines/MMPs and prognosis.
Although our patient cohort for each tumour site encompasses
only a small number, we were able to observe a significant
correlation between several MMPs/angiogenic cytokines and
cancer-specific survival by univariate analysis. High expression
levels of stromal MMP-2 and MMP-3 were indicators for an
improved clinical outcome in patients with primary colorectal
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Figure 3. Kaplan-Meier curves display cancer-specific survival in correlation with (A) stromal expression of MMP-2 in primary colorectal cancer,
(B) stromal expression of MMP-3 in patients with primary colorectal cancer, (C) stromal expression of MMP-12 in patients with colorectal
liver metastases, (D) stromal expression of VEGF in patients with colorectal liver metastases, (E) stromal expression of MMP-1 in patients with
lung metastases, (F) stromal expression of MMP-2 in patients with lung metastases, (G) stromal expression of MMP-3 in patients with lung
metastases, (H) stromal expression of angiopoietin-2 in patients with lung metastases.
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Table 3. Multivariate analysis (Cox proportional hazards regression
model) of prognostic parameters for cancer-pecific survival in colorectal

lung metastases

Characteristics | Hazard ratio | 95% Cl of relative risk | P-value
Gender 2511 0.56-11.2 0.228
Median age 1.255 0.367-4.287 0.717
Stromal MMP-1 2.245 0.317-15.903 0.418
Stromal MMP-2 0.244 0.028-2.114 0.200
Stromal MMP-3 0.909 0.17-4.854 0.911
Stromal ANGP-2 7.161 1.021-50.225 0.048
Abbreviation: MMP = matrix metalloproteinase.

cancer and lung metastases. These data are in good accordance with
two previous studies showing that low expression levels of MMP-2
and MMP-3 are adverse prognostic markers in primary colorectal
cancer (Wong et al, 2011; Agesen et al, 2012). Moreover, our data
show that upregulated stroma-derived MMP-1 is associated with a
more favourable outcome in patients with lung metastases by
univariate analysis. Initially, MMPs have been considered to elicit
mainly pro-tumorigenic effects by degrading the extracellular matrix,
hence facilitating tumour cell migration and invasion (Kessenbrock
et al, 2010). However, more recent experimental evidence imply that
some members of the MMP family may also exert tumour-
suppressive functions (Decock et al, 2011; Noel et al, 2012). In
conclusion, it is tempting to hypothesise that stromal overexpression
of some members of the MMP family is part of the antitumour
response and may contribute to a protective microenvironment of
the host against cancer cells. This might also explain, why many
clinical trials in the last decade have failed when broad-spectrum
MMP inhibitors were applied to patients in an attempt to find an
anticancer agent (Coussens et al, 2002). However, several tumour-
recruited stroma cells also sustain tumour growth and promote
tumour progression by tumour angiogenesis. This may explain our
findings that overexpression of stromal VEGF in colorectal liver
metastases relates to shortened clinical outcome. Moreover, we have
identified high expression of stroma-derived angiopoietin-2 as an
independent adverse prognostic marker in colorectal lung metastases
by univariate and multivariate analyses. Angiopoietin-2 is expressed
primarily by endothelial cells where it may increase tumour
metastasis by promoting endothelial disruption, increasing tumour
cell translocation and homing to target organs (Falcon et al, 2009;
Holopainen et al, 2012). Our results complement data of a previous
study, where serum angiopoietin-2 has been identified as a biomarker
for reduced survival in patients with colorectal cancer (Goede et al,
2010) and was mainly expressed in the stromal compartment of
colorectal cancer tissue (Goede et al, 2010). In summary, this is the
first study using a comprehensive protein expression analysis to
elucidate the expression signature of angiogenic cytokines and MMPs
in tumour cells and tumour-associated stromal cells in primary
colorectal cancer as well as colorectal liver and lung metastases. We
showed a differential expression of several MMPs and angiogenic
cytokines in tumour cells compared with tumour-associated stroma.
Moreover, we provide evidence that the tumour site-related
expression profile in colorectal liver metastases differs significantly
from the expression profiles found in the primary colorectal cancer
and colorectal lung metastases. Decreased expression of several
stromal MMPs was associated with an inferior clinical outcome in
primary colorectal cancer, lung metastases and liver metastases.
Furthermore, we have identified stroma-derived angiopoietin-2 as an
independent prognostic marker in colorectal lung metastases.
However, further prospective studies including a larger size of
patients are required to validate this hypothesis.
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