
ORIGINAL PAPER

Visualising and quantifying angiogenesis in metastatic
colorectal cancer
A comparison of methods and their predictive value for chemotherapy response

Torben Frøstrup Hansen & Boye Schnack Nielsen &

Anders Jakobsen & Flemming Brandt Sørensen

Accepted: 24 June 2013 /Published online: 10 July 2013
# International Society for Cellular Oncology 2013

Abstract
Purpose Angiogenesis plays an important role in tumour
growth and dissemination. We have recently shown that blood
vessel density, determined by image analysis based on
microRNA-126 (miRNA-126) in situ hybridization (ISH) in
the primary tumours of metastatic colorectal cancers (mCRC),
is predictive of chemotherapy response. Here, we evaluated
whether more general approaches to determine vessel density
in primary tumours are equally predictive of chemotherapy
response.
Methods This methodological study was carried out using
paraffin embedded tissues from primary tumours of 89 pa-
tients with mCRC, who had all been treated with first-line
chemotherapy (XELOX). Tissue sections from the deepest
invasive tumour front were processed for miRNA-126 ISH
and CD34 immunohistochemistry (IHC). Estimates of
microvessel density (MVD) were obtained for both miRNA-
126 and CD34 by quantitative image analyses (MVDi), vascular

area per image (μm2) analyses, and manually counting vessels
in vascular hot spots (MVDh). Clinical responses were evaluat-
ed according to Response Evaluation Criteria In Solid Tumours
(RECIST).
Results The MVDi for miRNA-126 showed a significant
correlation with treatment response (p=0.01), with a median
value of 2,071 μm2 (95 % CI, 1,505–3,075 μm2) in the
responder group compared to 1,337 μm2 (95 % CI, 1,038–
1,499 μm2) in the non-responder group. This difference trans-
lated into a significant difference in progression free survival
(p=0.01).
Conclusions The methodological assessment of MVD and
the molecular vessel marker are both important for the pre-
diction of the chemotherapy response in mCRC. Our find-
ings indicate that MVDi for miRNA-126 represents a pow-
erful estimate and may serve as a clinical biomarker superior
to MVDh.

Keywords Angiogenesis . Chemotherapy . Colorectal
neoplasms . MicroRNA .Microvessel density . Predictive
biomarkers

1 Introduction

Angiogenesis, the development of new capillaries from
existing blood vessels, is a classical hallmark of cancer and
affects tumour biology at different stages [1]. Several anti-
angiogenetic drugs have already been approved for the treat-
ment of malignant diseases, and additional ones are currently
being tested in clinical trials. Within this context, the identi-
fication of reliable predictive biomarkers for the rational
implementation of these drugs is a prerequisite. Tumour
angiogenesis parameters are considered to be important for a
patient’s prognosis and treatment response, in the sense that the
penetration of chemotherapy seems to depend primarily on the
extent of the tumour vasculature [2–4]. Parameters reflecting
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tumour angiogenesis may be of particular interest since the
clinical benefit from anti-angiogenetic drugs should, according
to the above paradigm, be related to the angiogenic activity of
the tumours.

A specific visualisation of vascular endothelial cells (ECs)
and a systematic and unbiased quantification of the visualised
blood vessels are prerequisites for an estimate to become a
reliable parameter in clinical decisionmaking. To date, several
immunohistochemical EC markers are available (i.e., factor
VIII, CD31, CD34, CD105), but despite their strong associa-
tions with ECs, none of them seems to be EC-specific [5–11].
Antibody cross-binding or unspecific antibody interactions in
general represent additional obstacles in the immunohisto-
chemical visualisation of ECs [12, 13]. An interesting alterna-
tive to the immunohistochemical detection of ECs is the iden-
tification of EC-specific microRNAs (miRNAs). MicroRNAs
are small non-coding RNAs with the ability to modulate gene
expression at the post transcriptional level [14, 15]. The field of
miRNA research has gained considerable interest in recent
years, due to its increasingly recognized role in modulating
tumour behaviour, including the de-novo formation of tumour
blood vessels [16, 17]. MicroRNAs can be detected in tissue
sections by in situ hybridization (ISH) using high affinity
Locked Nucleic Acid-DNA (LNA-DNA) chimeric probes
[18]. MicroRNA-126 has in the recent past been identified as
an EC-specific miRNA, affecting vascular endothelial growth
factor A (VEGF-A)-mediated cell signalling, suggesting a piv-
otal role of this miRNA in the angiogenetic process [19–21].
Currently, the vast majority of the literature on miRNAs and
their role in cancer development is based on in vitro studies and
experimental animal studies. Since the functions of miRNAs
are likely to be tumour and/or tissue-specific, tissue-based
studies of patients with cancer are necessary for this knowledge
to be implemented into future clinical treatment strategies.
Assessing angiogenesis in tumour sections may also provide
additional information on tumour biology and may open up the
way to perform large scale biomarker validation studies. The
above mentioned problems related to the specific detection of
ECs using immunohistochemistry (IHC) are, however, also
relevant to miRNA ISH [18, 22] and, as such, call for further
elucidation. In a previous study, using the EC-specific miRNA-
126 in a quantitative ISH assay, we found that this visualisation
technique provided novel, clinically meaningful information
[23] that, if validated, could prove valuable in the development
of a predictive bio-marker.

The quantification of stained vascular structures in tissues
is, in turn, also associated with technical obstacles. In the past,
the microvessel density (MVD) method has been established
as the preferred technique. Microvessels are usually assessed
in the most vascularised areas of the tumour sections (so-
called hot spots), based on the assumption that they provide
the optimal estimate of the angiogenic activity. The MVD
technique is, however, observer dependent and may be subject

to considerable intra- and inter-observer variability [24]. Com-
puter guided image analysis, on the other hand, represents a
less observer dependent approach allowing a more systematic
quantification and, thus, enabling the attainment of unbiased
and more reproducible results [24]. The current evidence
seems to support the use of MVD as a prognostic marker in
patients with colorectal cancer (CRC) [6, 25, 26], but its
putative role as a predictive biomarker for treatment response
is less well studied.

We have previously shown that estimates of MVD, deter-
mined by miRNA-126 ISH and quantified by image analysis
in the primary tumours from patients with metastatic CRC
(mCRC), was predictive for response to first-line chemother-
apy [23]. Here, we evaluated whether more general ap-
proaches to determine MVD in the primary tumours may
provide an equally predictive value. Estimates were obtained
from the deepest invasive tumour front for both miRNA-126
and CD34 by quantitative image analysis (MVDi), and by
manually counting vessels in vascular hot spots according to
the established MVD technique (MVDh, Fig. 1).

2 Material and methods

2.1 Study population

The present study includes a consecutive cohort encompassing
89 patients with mCRC histologically verified at the Depart-
ment of Clinical Pathology, Vejle Hospital, Denmark. First-line
chemotherapy (XELOX, see below) was initiated in the period
from May 2004 to December 2009. None of the patients with
rectal cancer had received preoperative chemoradiation. Sur-
vival data from patients with previous cancer diagnoses, but no
sign of relapse at the time of their CRC diagnosis (n=2), were
left uncensored. Progression free survival (PFS) data from ten

Fig. 1 Diagram illustrating the design and aim of the study. MVDi
microvessel density estimated by quantitative image analyses, MVDh
microvessel density estimated by manually counting vessels in vascular
hot spots
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patients were censored based on initiation of second-line treat-
ment or local interventions, such as radiofrequency ablation or
surgical resection of liver metastases (data were censored from
the day of the intervention). The study was approved by the
Regional Scientific Ethical Committee for Southern Denmark
according to Danish law, J.nr. S-VF-20040047, and informed
consent was obtained from all patients enrolled in the study.

2.2 Treatment regimen

All patients received XELOX, including a 2-hour intravenous
infusion of oxaliplatin 130 mg/m2 on day 1 followed by oral
capecitabine 1,000 mg/m2 twice daily on days 1 through 14
(28 doses) in a 21-day cycle. The treatment was discontinued
in case of disease progression. None of the patients experi-
enced unacceptable toxicity.

2.3 Evaluation and tumour response criteria

Treatment responses were evaluated according to the Re-
sponse Evaluation Criteria In Solid Tumors (RECIST) (ver-
sion 1.0) every 9 weeks. Responding patients were classified
as having either a complete response (CR) or a partial re-
sponse (PR). Patients with stable disease (SD) or progressive
disease (PD) were defined as non-responders. All CT scans
were evaluated during the course of the treatment and re-
evaluated by one of the investigators (TFH) in relation to the
current study.

2.4 Histological specimens

Immediately after surgery the removed bowel segment, con-
taining the primary tumour, was transferred to the Depart-
ment of Clinical Pathology where a pathologist performed
standard sampling. All samples followed routine formalde-
hyde fixation and paraffin embedding (FFPE). The tumours
were histologically classified (WHO) and staged according
to the pTNM system. Paraffin blocks containing the tumour
periphery with the deepest invasive site were selected for this
study. The tissue sections for IHC and ISH were obtained
from the same paraffin block in the closest possible proxim-
ity of each other.

2.5 MicroRNA-126 in situ hybridization

MicroRNA-126 ISH was performed as previously described
[18, 22]. In brief, ISH was carried out using a one-day protocol
on a Tecan Freedom Evo automated hybridization instrument
(Tecan, Männedorf, Switzerland) [22]. All FFPE tissue sections
were 6-μm thick and processed on two separate days. A double
digoxigenin (DIG)-labelled miRCURY Locked Nucleic Acid
(LNA) probe (LNATM microRNA detection probe, Exiqon,
Denmark) specific for human miRNA-126 was used. The

DIG-labelled probe was detected with alkaline phosphatase
conjugated sheep anti-DIG Fab fragments followed by 4-
nitro-blue tetrazolium (NBT) and 5-brom-4-chloro-3′-
Indolyl-phosphate (BCIP) chromogenic staining and nuclear
fast red counterstaining.

2.6 CD34 immunohistochemistry

The CD34 immunostaining was performed as previously
described [27]. In brief, 4-μm thick FFPE sections were
deparaffinised using heat-induced epitope retrieval in Tris
EGTA (TEG) buffer at ph 9. Next, endogenous peroxidase
was blocked with hydrogen peroxide and the sections were
incubated with anti-CD34 mouse monoclonal antibody
(CD34 Class II, clone QBEnd 10, M7165, Dako, Denmark)
diluted 1:400 and, subsequently, visualised using the Super
Sensitive IHC Detection System (BioGenix, Fremont, CA,
USA). This procedure was followed by incubation in a solu-
tion of Tris-buffered Saline (TBS) containing 0.5 % copper
sulphate to intensify the DAB chromogene. Finally, the sec-
tions were counterstained with haematoxylin. The CD34
immunostainings were performed manually. The same anti-
CD34monoclonal antibodywas used for the entire cohort, but
the Biogenex detection system involved two different lots
(approximately half of the patients with each lot).

2.7 Microvessel density counting by the hot-spot method
(MVDh)

Tumour sections stained for miRNA-126 and CD34 were
assessed for the presence of hot spots at 40× and 100×, and
counting of microvessels was performed at 200× through
microscope oculars using an inserted counting grid. Any
stained EC or EC cluster clearly separated from adjacent
microvessels by tumour cells and/or stromal elements was
considered a single, countable microvessel. Vessel lumen
was not required for a structure to be counted as a microvessel.
Counting was performed in three hot spots in each section,
using an unbiased counting frame with an area of 0.07 mm2,
and the mean MVD (MVDh) was used for data analysis.
Microvessels were counted at the deepest invasive tumour
front by one observer (TFH) unaware of the patient outcome.
The inter-observer reproducibility related to this technique has
previously been reported, with r=0.80 and p<0.0001 [27].

2.8 Microvessel density counting by image analysis (MVDi)

MicroRNA-126: The Visiopharm integrated microscope and
software module (Visiopharm, Hørsholm, Denmark) were used
for image analysis. Initially, the deepest invasive tumour front,
corresponding to the 1.5 mm tumour periphery, was marked
(Fig. 2). Ulcerating, necrotic, and normal tissue areas were
avoided. For image analysis, up to 20 random, systematically
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positioned images (282× total magnification on the computer
monitor) were collected from the marked area corresponding to
at minimum 5 % of the entire invasive front. Only images with
cancer cells and tumour stroma were included and images
containing distorted tissue and staining artefacts were excluded.
Tumour structures with gland-like lumen, some of which con-
tain necrotic debris, were present in the images for the MVDi
analyses, but constituted a minor fraction of the total area.
Tumour cells were clearly identified when they constituted 5–
10 % of the image. In general the images contained 30–70 %
cancer cells and 30–70 % stroma. A corresponding pixel clas-
sifier was designed and included the following colours for
identification of the stained histological structures: strong blue
(the ISH signal), weak blue (background ISH signal), red
(nuclear stain), and unstained (no-tissue and erythrocytes).
The strong blue area of the ISH signal (i.e., vascular area in
μm2 per image) was used as the parameter reflecting miRNA-
126 MVD, and the mean score from the sampled images was
calculated for each patient (MVDi). The same pixel classifier
was used for all 282× images using batch processing. Five cases
were excluded due to a limited number of images (less than 10
images). Figure 3a shows the underlying pixel classifier for
miRNA-126. The image analysis protocol was performed by
one observer (BSN) unaware of the clinical results.

CD34: For image analyses of CD34 the same principles
were followed as for miRNA-126. The image acquisition
configuration was the same, but another pixel classifier dis-
criminating DAB chromogen from haematoxylin was devel-
oped. Parameters for the CD34 stained sections included
intense DAB (strongly stained specific DAB reaction), weak
DAB (medium stained specific DAB reaction), blue counter
stain (haematoxylin), and unstained area (no tissue and

erythrocytes). As for the miR-126 assessment, the same pixel
classifier was used for all 282× images through batch pro-
cessing. The area of the strong + medium DAB signals (μm2

per image) was used as the parameter reflecting CD34
MVDi, and the mean score from the sampled images (at
20× magnification) was used for each patient. Figure 3b
shows an example of the underlying pixel classifier. We
noted a difference in the staining intensities for the two
antibody detection lots. Therefore, a ratio consisting of the
average mean score for each patient sample detected with lot
number one and number two was calculated. This ratio was
used for normalisation of the scores from lot number one in
order to obtain comparable scores for the entire cohort.
Performing all the statistics with non-normalised data from
the two lots individually did, however, not change any of the
presented results.

2.9 Statistical analysis

Median values were compared using the Wilcoxon rank sum
test. The progression free survival (PFS) was defined as the
time from start of treatment until the first documented tu-
mour progression or death by any cause. The overall survival
(OS) was defined as the time from start of XELOX therapy
until death by any cause. All patients were successfully
followed and the survival data were complete. The log rank
test was used to test for differences between the groups. All
statistical calculations were carried out using the NCSS
statistical software package (NCSS Statistical Software,
Kaysville, UT 84037, USA, version 2007). P values <0.05
were considered significant, and all tests were two-sided.

3 Results

3.1 Visualisation of EC structures

Endothelial cell (EC)-derived structures were successfully
visualised in the vast majority of all tissue sections. The
miRNA-126 probe resulted in a strong ISH signal in vessels,
while only sparse, unspecific staining was detected in the
surrounding tissues (Fig. 3a). Background signals were de-
tected in a few samples. Correspondingly, CD34 immuno-
histochemical visualisation resulted in strong signals from
tumour vessels, while unspecific staining of non-ECs was
detected in a few cases (Fig. 3b).

3.2 Correlation between MVD and patient characteristics

Patient characteristics along with the four microvessel den-
sity (MVD) estimates are listed in Table 1. These data re-
vealed a significant correlation between the number of meta-
static organ sites and the median miRNA-126 MVDi. Thus,

Fig. 2 Sampling of cancer area for determination of MVD by image
analysis (MVDi). Representative tissue section with normal colonic
epithelium, invasive cancer and adjacent submucosa and muscular coat.
A tissue area of the tumour periphery (depth 1.5 mm) containing the
deepest invasive tumour front was marked in which systematic random
selection of up to 20 images was obtained for the data analyses. The
section presented was stained for CD34 (see Fig. 3) and counterstained
with hematoxylin
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the presence of two or more metastatic organ sites was related
to a lower density in the primary tumour of miRNA-126
MVDi compared to the miRNA-126 MVDi in patients with
metastases limited to one organ site (p<0.001). Furthermore,
our data revealed that patients with high CD34 MVDh values
significantly more often carried microsatellite stable (MSS)
tumours (p=0.01).

3.3 Relationships between the four angiogenic estimates

The relationships between the four MVD estimates were
analysed with both the visualisation method and the quanti-
fication method held constant. This approach resulted in four
correlation analyses as illustrated in Fig. 4. In general, the
correlations were weak and only in two situations they resulted
in significant (p<0.05) or nearby significant (p=0.05) results,
i.e., when image analyses were held constant (miRNA-126
MVDi versus CD34 MVDi) and when CD34 visualisation
analyses were held constant (CD34 MVDh versus CD34
MVDi).

3.4 Relationship with treatment response and survival

Five patients were excluded, as they had received XELOX as
second or third line treatment. One patient was excluded
because of insufficient response evaluation according to the
RECIST criteria (this patient was also excluded for the fol-
lowing reason). Four additional patients were excluded from
the miRNA-126 MVDi analysis because the invasive tumour
fronts in their tissue sections were of inadequate size for image
analysis in order to provide a reliable estimate (Table 2). The
median miRNA-126 MVDi was significantly higher in the

responding patients, 2,071 μm2 (95 % CI, 1,505–3,075 μm2)
compared to the non-responding patients, 1,337 μm2 (95 % CI,
1,038–1,499 μm2), p=0.01. None of the remaining three MVD
estimates were related to treatment response. To assess the
predictive value of miRNA-126 MVDi, patients were divided
into two groups. The median value (2,071 μm2) from the
response group was used as cut-off. By applying this strategy,
the predictive value of a positive test (>2,071 μm2) was
18/26=69 %, and of a negative test (<2,071 μm2) 36/53=68 %.

In order to assess the possible prognostic value of the
MVD estimates, a two group comparison was applied using
median values from the respective estimates as cut-off
(Table 3). The median overall survival for the entire cohort
(n=89) was 18.5 months (95 % CI, 16.7–21.8 months). The
results of miRNA-126MVDi and treatment response yielded
a significant difference in PFS, p=0.01. The median PFS for
patients with a high miRNA-126 MVDi was 8.9 months
(95 % CI, 7.4–9.8 months) compared to 6.2 months (95 %
CI, 4.3–6.9 months) for patients with a low miRNA-126
MVDi. The difference in PFS also translated into a tendency
difference in OS, p=0.06. Similarly, as observed for the
treatment response, none of the other three MVD estimates
investigated were related to survival. Subgroup analyses
based on tumour localization and stage at the time of diag-
noses did not alter any of the presented results.

4 Discussion

Angiogenesis is important for the growth of a malignant
tumour and for several steps to be taken in the metastatic
process. These aspects have become increasingly important in

Fig. 3 a MicroRNA-126
positive structures (left)
visualised by in situ
hybridization in a tissue section
from a patient with colon cancer
and the corresponding pixel
classifier (right) used for image
analyses. The image is one of
many sampled images collected
from each tumour. b
Immunohistochemical
visualisation of CD34 positive
structures (left) in another tissue
section from the same patient and
the corresponding pixel classifier
(right)
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daily clinical practise, especially after the introduction of anti-
angiogenetic drugs. Our knowledge on this tumour feature is
constantly growing, but we still fail to understand why anti-
angiogenetic drugs are beneficial for instance in a metastatic
setting [28], but not in an adjuvant setting [29]. Reliably
estimating the clinical relevance of angiogenesis is essential
for dealing with this challenge. Here, we showed that among
the four different microvessel density (MVD) estimates tested,

the miRNA-126 positively stained microvessel estimate,
quantified by image analysis (miRNA-126 MVDi), was the
only one to predict response to first-line XELOX treatment in
a cohort of patients with metastatic colorectal cancer (mCRC).
It is surprising that the traditional MVD estimates, based on
the same visualisation technique but quantified differently, did
not result in more convincing correlations. Different sizes of
the areas used for quantification and differences in the

Fig. 4 a–d Linear regression
comparing the four estimates
based on visualisation (miRNA-
126 or CD34) and quantification
(image analyses or conventional
microvessel counting (MVD))
(n=84 in a and b, n=89 in
c and d)

Table 2 Angiogenic estimates in relation to response to treatment

Estimate Response

Yes (n=37) No (n=46) p-value
Median (95 % CI) Median (95 % CI)

miRNA-126 MVDi 2071 (1505–3075) 1337 (1038–1499) 0.01

miRNA-126 MVDh 9.7 (8.7–10.3) 9.0 (7.7–10.0) 0.34

CD34 MVDi 3714 (3180–5154) 3672 (3129–4583) 0.57

CD34 MVDh 12.7 (10.7–14.0) 13.0 (11.7–13.7) 0.70

P-values in bold are below the limit of significance (p<0.05)

Yes positive response to treatment, No no response to treatment, CI confidence interval, MVDi microvessel density estimated by quantitative image
analyses,MVDhmicrovessel density estimated by manually counting vessels in vascular hot spots. (n=79 in the miRNA-126 MVDi comparison, n=83
in the remaining three comparisons (for excised cases see text))
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magnification between the two techniques may explain some
of this divergence. The only estimates with a significant overall
correlation were miRNA-126 MVDi and CD34 MVDi. This
may indicate a superior reproducibility of the image guided
quantification technique compared to the MVD technique
based on the subjective quantification in hot spots (MVDh).
Our results also clearly revealed the difficulties in obtaining
reliable MVD estimates and how different methodological
approaches may profoundly affect the final conclusions. In this
study the miRNA-126 MVDi and CD34MVDi estimates were
obtained exclusively from images of the invasive tumour front.
This was done to allow a direct comparison with the MVDh
estimates, which were also obtained from the invasive front
zone.

We found that the group of responding patients generally
exhibited higher miRNA-126 MVDi estimates, which is in
agreement with our previous findings based on MVDi esti-
mates obtained from the entire tumour area [23]. Together,
these observations suggest that the miRNA-126 related
microvessel integrity is not limited to specific tumour com-
partments. The two estimates based on CD34 visualisation
showed no relationship with treatment response. This may be
related to CD34 being a less specific EC marker as compared
to miRNA-126. It does not explain, however, why the
miRNA-126 MVDh estimate was not related to response.
One reason may be that, although a specific visualisation of
EC-derived structures was achieved, the use of a more
observer-dependent quantification method, such as MVDh,
may render the final estimate invalid with respect to treatment

efficacy. Furthermore, the smaller area fraction of the invasive
front used for quantification with the MVDh technique may
render this estimate less representative for the entire invasive
front.

We noted an interesting association between low miRNA-
126 MVDi estimates and increased numbers of metastatic
sites. The presence of miRNA-126 is important for
maintaining blood vessel integrity [19, 30], and an associa-
tion with MVD has been reported in CRC as well [31]. The
blood vessel integrity should, consequently, be lower in
tumours with low miRNA-126 expression levels which, in
turn, may facilitate the entering of cancer cells into the blood
circulation. A recent report on this topic fully supports this
hypothesis [32].

Current knowledge on miRNA-126 suggests that it is
essential for several angiogenic processes. The ability of a
tumour to regulate miRNA-126 expression may be important
during multiple phases of the metastatic process, such as the
entering of tumour cells into the lymph- and/or bloodstream,
the extravasation into distant organs and the subsequent
induction of angiogenesis in order for the colonization of
the metastatic cells to be successful. The delivery of chemo-
therapy to the malignant tumour entails another scenario, in
which the blood vessel structure is known to be of impor-
tance [33, 34]. The increased interstitial tumour pressure that
follows low blood vessel integrity will hamper the passage of
macromolecules such as cytostatics from the blood vessel
compartment to the tumour cells, which provides an explana-
tion of the lower response rate observed among these patients.

Table 3 Angiogenic estimates in relation to survival

Progression free survival (PFS) Overall survival (OS)

Estimate (median) Events/median PFS (months) HR (95 % CI) p-value Events/median OS (months) HR (95 % CI) p-value

miRNA-126 MVDi

<1519 36/6.2 1 40/16.8 1

>1519 29/8.9 0.54 (0.33–0.88) 0.01 33/21.8 0.65 (0.41–1.03) 0.06

miRNA-126 MVDh

<9.3 35/7.1 1 44/18.9 1

>9.3 33/7.1 0.99 (0.62–1.60) 0.98 32/17.3 0.93 (0.59–1.46) 0.76

CD34 MVDi

<3714 38/7.1 1 41/19.1 1

>3714 30/7.2 0.84 (0.52–1.35) 0.47 35/16.9 1.04 (0.66–1.63) 0.88

CD34 MVDh

<12.7 36/6.8 1 42/18.2 1

>12.7 32/7.4 0.78 (0.48–1.26) 0.30 34/18.5 1.21 (0.77–1.92) 0.39

P-values in bold are below the limit of significance (p<0.05)

HR hazard ratio, CI confidence interval, MVDi microvessel density estimated by quantitative image analyses, MVDh microvessel density estimated
by manually counting vessels in vascular hot spots

Total number of events is smaller for the miRNA-126 MVDi analyses due to the removal of data from four patients caused by insufficient image
sampling. (PFS and OS comparisons: n=79 and n=84 with regard to miRNA-126 MVDi, n=83 and n=89 with regard to the remaining three
estimates (for details, see text))
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With these notions in mind, there might be a causal relation-
ship between miRNA-126 expression at the invasive tumour
front, the number of metastatic sites and, subsequently, the
response to chemotherapy. A less pronounced relationship
was also observed in our previous study in which we assessed
miRNA-126 expression in the entire tumour area [23]. Further
detailed analyses of the relationships between miRNA-126
expression, tumour response, and metastases will require larg-
er cohort studies.

The present analyses are based on histological examina-
tions of the primary tumours, and do not involve metastatic
lesions. Interestingly, all these primary tumours were re-
moved by surgery before chemo-therapeutic intervention,
indicating a relationship between the miRNA-126 MVDi
estimate and the efficacy of the treatment targeting the
remaining tumour burden (i.e., the metastasis). This suggests
that cellular and/or molecular characteristics of the primary
tumour may be retained at the metastatic sites [35, 36]. The
correlation observed between miRNA-126 MVDi and treat-
ment response translated into a significant difference in PFS
when patients were divided into groups according to the
median miRNA-126 MVDi. A marginally significant rela-
tionship with OS was also detected. A multivariate analysis
was not appropriate based on the limited size of the current
study cohort and the lack of obvious prognostic markers in
the clinical setting of advanced, metastatic disease. Hence,
the possible prognostic value of the miRNA-126 MVDi
needs further exploration in appropriately sized cohorts.

MicroRNA-126 and CD34 constitute the biological basis
of the EC parameters tested, and represent two different ways
of estimating the angiogenic activity. The expression of
miRNA-126 is especially pronounced in ECs [21], whereas
CD34 is a cell adhesion molecule expressed in different cells
besides ECs (i.e., tissue stem cells, myoepithelial cells, mes-
enchymal cells, inflammatory cells etc.) [37, 38]. Although
most CD34 positive cells in the CRC tissue sections seem to
be ECs, we also noted a certain contribution from stromal
fibroblastic cells. Hence, the visualisation of these two
markers may lead to the quantification of two compartments
not entirely identical and this, in turn, may explain the lack of
correlation between the estimates and their differences in
predicting therapy response. Adding to this, differences in
quantification techniques and sizes of the areas estimated
may have resulted in four very different estimates. While
both markers, miRNA-126 and CD34, provide numerical
estimates of the angiogenetic activity in the respective tu-
mours, miRNA-126 may also add information about blood
vessel integrity [19, 30].

Although miRNA-126 MVDi provided the most promis-
ing results in the current study, more studies are needed to
substantiate miR-126 MVDi as a valid therapy response
biomarker. Several methodological aspects of the quantita-
tive miRNA ISH assay require elucidation and should be

taken into account when interpreting the results. Factors that
could influence the final results include surgical handling of
the specimen, time of ischemia, fixation and storage of the
tissue, experimental parameters in the ISH analysis, and
normalization of the semi-quantitative results obtained by
the image guided analyses. The relatively high stability of
microRNA in FFPE material [39] may facilitate retrospec-
tive studies to substantiate the strength of the miR-126
MVDi parameter.

Although the retrospective design and the size of the
current study pose limitations, our results underline the tech-
nological difficulties in obtaining clinically useful MVD
estimates in tissue sections from CRC patients. Different
technical approaches have a profound impact on the ultimate
data obtained. We showed that both the methodological
assessment of MVD and the molecular endothelial marker
used are imperative for predicting chemotherapy response in
mCRC. The miRNA-126 MVDi estimate was the only bio-
marker related to response in patients with mCRC treated
with first-line XELOX, suggesting that MVDi represents a
clinical biomarker superior to MVDh. Future studies on
samples obtained from treatment regimens based on chemo-
therapy plus bevacizumab will be needed to address the
question whether the miRNA-126 MVDi estimate can be
used for treatment stratification within this context.
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