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Glioblastoma (GB) is the most angiogenic tumor. Nevertheless, antiangiogenic therapy has not shown significant clinical efficacy.
The aim of this study was to assess blood vessel characteristics on survival of GB patients. Surgically excised GB tissues were
histologically examined for overall proportion of glomeruloid microvascular proliferation (MP) and the total number of blood
vessels. Also, immunohistochemical vascular staining intensities of CD133 and ICAM-1 were determined. Vessel parameters were
correlated with patients’ overall survival. The survival time depended on the number of blood vessels (𝑝 = 0.03) but not on the
proportion of MP. Median survival times for patients with low (<median) and high (≥median) number of blood vessels were 9.0
months (95% CI: 7.5–10.5) and 12.0 months (95% CI: 9.3–14.7). Also, median survival times for patients with low (<median) and
high (≥median) vascular expression level of CD133 were 9.0 months (95% CI: 8.0–10.1) and 12.0 months (95% CI: 10.3–13.7). In
contrast, the staining intensity of vascular ICAM-1 did not affect survival. In multivariate analysis, the number of blood vessels
emerged as an independent predictor for longer overall survival (HR: 2.4, 95% CI: 1.2–5.0, 𝑝 = 0.02). For success in antiangiogenic
therapy, better understanding about tumor vasculature biology is needed.

1. Introduction

Glioblastoma (GB) is the most aggressive type of brain
cancer in adults. Despite the use of multimodal treatment
combinations, the prognosis of GB is still poor [1]. Since
1978, postoperative radiotherapy has been the mainstay of
standard adjuvant treatment of GB [2]. However, in contrast
to radiation-induced excellent local control rates in most
solid tumors, nearly all GB patients die due to locally recur-
rent disease within 1 year after diagnosis [2, 3]. Additional
chemotherapy with temozolomide, given concomitantly and
after radiotherapy, has increased median survival time of GB
patients only to 14.6 months [4], pointing towards the urgent
demand for more effective treatment choices.

GB is one of the most angiogenic malignant tumors.
Therefore, the inhibition of tumor angiogenesis has been an

extremely attractive research area in neurooncology with a
number of anticancer drugs (e.g., bevacizumab, cediranib,
cilengitide, sunitinib, sorafenib, vandetanib, aflibercept, and
tandutinib) being in various stages of clinical development
for both newly diagnosed and recurrent GB [5–7]. Although
these antiangiogenic therapeutics have shown high initial
efficacy when used alone or in combination with standard
treatments (including radiotherapy and chemotherapy), the
duration of the tumor response is transient without a signifi-
cant impact on patients’ overall survival [5, 7–10].The reasons
for the lack of significant clinical efficacy of antiangiogenic
drugs, however, are not fully elucidated [11], necessitating
further look into the biology of GB vasculature.

Excessive and grossly disorganized blood vessel forma-
tion is a hallmark of GB. Next to typical intratumoral capil-
laries and bigger blood vessels, this tumor type contains also
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disease characteristic glomeruloid microvascular prolifera-
tion (MP). MP is defined as tangles of tiny vessels immersed
in a complex mixture of irregularly ordered pericytes and
extensive multilayered basement membrane. Although it is
specific for glioblastoma, MP may also be found in a wide
variety of human tumors, such as the stomach and breast
cancer, where it is linked to unfavorable prognosis [12–14].
In anaplastic astrocytomas, these vascular proliferation types
have been associated with rapid tumor growth and clinical
progression. However, other studies have found no influence
of MP on patients’ survival with aggressive brain tumors,
making clear conclusions about the significance of MP in
glioblastoma difficult [15].

Blood vessels of GB can arise from sprouting and
proliferation of endothelial cells from preexisting vascular
networks (angiogenesis) and de novo through colonization
of circulating bone marrow-derived endothelial progenitor
cells that are recruited to the tumor (vasculogenesis). Also,
extensive in vitro and in vivo studies have shown that, in GBs,
a subpopulation of the multipotent CD133+ stem-like cell
fraction is capable of differentiation into endothelial lineages
and exerting alternative mechanisms of vascularization [16,
17]. Next to previously mentioned pathways, another mech-
anism in glioblastoma vascularization, tubular vasculogenic
mimicry, has been described [18]. The latter term is used
for “blood-conducting channels” that are nonendothelial cell
lined and formed by tumor cells themselves. Consequently,
blood vessels in GB may or may not contain endothelial
cells and are very heterogeneous in their morphology and
structure.

In addition to their distinct morphology, it is widely
known that angiogenic blood vessels in tumors have abnor-
mal function accompanied by high levels of local VEGF-A
expression and increased expression of intercellular adhesion
molecule-1 (ICAM-1) as well as permeability [19].The roles of
increased ICAM-1 expression and subsequent transendothe-
lial migration of leucocytes have been reported to be contro-
versial. Overexpression of ICAM-1 has been demonstrated
to be involved in immune surveillance in breast, gastric,
and colorectal cancers, but it was shown to promote tumor
growth, progression, and angiogenesis in oral cancer [20]. In
GB, the significance of increased ICAMexpression is not fully
elucidated.

The formation of vessels in GB and tumor blood supply
involves vascular structures with various parameters whose
influence on treatment efficacy and prognosis is not exactly
known. Therefore, the aim of the present study was to assess
various blood vessel characteristics on the survival of GBM
patients.We assessed the prognostic significance of the quan-
titative amount ofMP and all blood vessels as well as vascular
expression of CD133 and ICAM-1. The latter mentioned
markers were preferred over classical endothelial markers,
since blood vessels in GB may not contain endothelial cells.

2. Materials and Methods

The present study was carried out with permission from the
Research Ethics Committee of the University of Tartu.

Table 1: Characteristics of 42 patients with glioblastoma (GB).

Variable No of patients (𝑛 = 42) Percentage (%)
Gender

(i) Male 23 55%
(ii) Female 19 45%

Age, years (range)∗ 30–77
Radiotherapy dose (range) 30–60Gy
Chemotherapy∗∗

(i) No 16 38%
(ii) Yes 26 62%

∗Age at the time of operation; ∗∗Used for recurrent disease.

Between January 2006 and December 2008, 42 patients
with GB were operated on at Tartu University Hospital or
North Estonian Medical Centre. All patients had maximal
safe resection (none had biopsy only). After surgery, the
patients were treated with postoperative three-dimensional
radiotherapy (±chemotherapy). Characteristics of patients
are listed in Table 1.

2.1. Treatment Planning and Treatment Parameters. Treat-
ment planning was performed using CT/MRI scans and
TPS XiO CMS treatment planning system. The gross tumor
volume (GTV) encompassed the resection cavity and any
residual tumor. A 2-3 cm margin was added to create clinical
target volume (CTV). Critical tissues were spared (brainstem,
chiasma). For planned target volume (PTV), a 0.5 cm mar-
gin was included. Treatments were performed using linear
accelerators (30–60Gy in 2.0Gy fractions; group mean dose:
54Gy). The prescribed dose was normalized to 100% at the
isocenter and PTV was covered by 95% isodose surface
(ICRUReport 50). None of the patients received concomitant
and adjuvant chemotherapy with temozolomide (available
in Estonia since 2010). However, for recurrent disease, 26
patients received chemotherapy with lomustine (CCNU).

2.2. Microscopy and Immunohistochemistry (IHC). Surgically
excised GB specimens were immediately fixed in the buffered
10% formalin (pH 7.4) for 24 hours and subsequently embed-
ded into paraffin wax as routinely performed. From the
resulting tissue blocks, serial 4 𝜇m paraffin sections were
cut and placed on glass slides for standard hematoxylin-
eosin (H&E) staining and immunohistochemistry (IHC).The
diagnosis of GB was confirmed on the H&E stained slides by
two independent pathologists.

The overall proportion of MP (based on the amount
of MP per microscopic field and graded as low, medium,
or high) was determined in H&E stained sections by an
experienced pathologist. Studies on the morphology of
angiogenesis have been based on H&E stained sections
or immunohistochemical detection of microvessel markers,
such as factor VIII, von Willebrand factor, CD34, CD31, and
CD105 [21]. Since no single endothelial marker is perfect
and both microvessel marker positive and negative vascular
structures (e.g., vasculogenic mimicry) have been reported
in GB [18, 22], we decided to determine the total number
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of blood vessels in H&E stained sections in high-power
microscopic fields (×40) by counting vascular structures
based on typical morphological appearance and the presence
of the counted vascular lumen and intraluminal red blood
cells. All visible blood vessels were counted in 6 randomly
taken microscopic fields (not compromised by necrosis)
and the mean number of vessels per microscopic field was
calculated.

For immunostaining, solutions and buffers provided by
Dako (Hamburg, Germany) were used. The sections were
deparaffinized and incubated in the target retrieval solution
(pH 9.0) in a 96∘C thermostated water bath for 40min and
afterwards in a peroxidase blocking solution for 5min at
room temperature. Subsequently, the tissue sections were
incubated with the specific anti-human CD133 (1 : 50; Biorbyt
Ltd., #orb18124) or ICAM-1 (1 : 100, G-5; Santa Cruz Biotech-
nology; sc-8439, Lot #F2111) antibody at room temperature
for 1 hour under humid conditions. After several washings,
the antigen-antibody complex was visualized by using Dako
REAL� EnVision Detection System, Peroxidase/DAB+, Rab-
bit/Mouse. Slides were counterstained with hematoxyline,
dehydrated, and coverslipped for light microscopy.

AfterGB immunostaining, vascular staining intensities of
CD133 and ICAM-1 were determined in 5-6 randomly taken
high-power microscopic fields (not compromised by necro-
sis; ×40) using an arbitrary score (0 = no staining, 1 = weak
staining, 2 = moderate staining, and 3 = strong staining).The
mean vascular staining intensity per microscopic field was
calculated.

2.3. Statistical Analysis. The SPSS statistical software was
used to calculate individual means, group means, and stan-
dard deviations of the mean as well as median values. Addi-
tionally, a Pearson correlation analysis was utilized. Based
on the proportion of overall MP, patients were allocated into
subgroups (low-medium and high). Also, according to the
median values of all visible blood vessels, vascular staining
intensities of CD133 and ICAM-1 patients were divided into
subgroups <median (less than median) and ≥median (equal
to and more than median). These subgroups were used in
survival analysis. Overall survival (OS) was defined as the
period from the date of operation to the date of death
resulting from GB or to the date of the last analysis. Survival
curves were created using the Kaplan-Meier method and
differences between the groups were compared using the log-
rank test. Multivariate analysis was performed using the Cox
proportional hazards model. A 𝑝 value < 0.05 was regarded
as statistically significant.

3. Results

3.1. Proportion of MP and Total Number of Visible Blood
Vessels in GB. The overall proportion of MP was determined
by an experienced pathologist. Additional evaluation and
scoring of slides (visible blood vessel numbers, staining inten-
sities of CD133 and ICAM-1) were carried out in a blinded
fashion by two independent researchers, whose results were
in good accordance (𝑅 = 0.8, 𝑝 < 0.001).

All GB sections contained MP, which is one of the
hallmarks of this tumor type. The overall proportion of MP
was low-medium (Figure 1(a)) in 39% and high (Figure 1(b))
in 61% of GB patients. Individual mean numbers of blood
vessels were between 0.7 and 7.0 per microscopic field. The
mean number of all visible blood vessels per high-power
microscopic field in thewhole study groupwas 2.5±1.4 (mean
± SD) and the median number was 2.1.

3.2. Correlation of Vascular Staining Intensities of CD133
and ICAM-1 with the Total Number of Blood Vessels in GB.
Positive staining intensity of CD133 was found in all types of
GB blood vessels, including small capillaries andMP. Figure 1
depicts CD133-negative (CD133−; Figure 1(c)) and CD133-
positive (CD133+; Figure 1(d)) blood vessels in GB tissue.
Individual mean values for CD133 staining intensity ranged
from 0 to 1.8. In the whole group, the mean vascular CD133
staining intensity was 1.0 ± 0.5 (mean ± SD) and the median
value was 1.0. A positive association was found between the
number of visible blood vessels and vascular CD133 staining
intensity (𝑝 = 0.03); that is, tumors in which stronger CD133
staining was detected contained more visible blood vessels.

Similar to the previous marker, a positive staining inten-
sity of ICAM-1 (ICAM-1+) was found in all types of GB
blood vessels. Figure 1 illustrates GB blood vessels with weak
(1E) and strong (1F) vascular staining intensity of ICAM-1.
Individual mean values for ICAM-1 intensity were from 1.2
to 2.9. Group mean value was 1.8 ± 0.4 (mean ± SD) and
the median value was 1.7. In contrast to CD133, between the
number of visible blood vessels and vascular ICAM-1 staining
intensity, a negative correlation was detected (𝑝 = 0.04);
that is, in tumor samples with strong ICAM-1 staining, fewer
blood vessels were seen.

3.3. Correlation of Blood Vessel Parameters with Overall
Survival in GB Patients. At the time of analysis, 40 patients
out of 42 had died. The median OS of the whole study group
was 10.0 months (95% CI: 9.0–11.0). The proportion of MP
(low-mediumversus high) did not significantly affect survival
(log-rank test, 𝑝 = 0.07), although a trend towards improved
OS in patients with high proportions of MP in tumor tissue
was evident (Figure 2(a)).

Figure 2(b) illustrates theOS amongpatientswith low and
high number of all visible blood vessels. The survival time
clearly depended on the total number of visible blood vessels
in GB tissue (𝑝 = 0.03). Median survival times for patients
with low (<median) and high (≥median) number of blood
vessels were 9.0 months (95% CI: 7.5–10.5) and 12.0 months
(95% CI: 9.3–14.7), respectively.

Impact of vascular staining intensity of CD133 on survival
of GB patients is depicted in Figure 2(c). The survival time of
GB patients depended on the staining intensity of CD133 (𝑝 =
0.04). Median survival times for patients with low (<median)
and high (≥median) immunohistochemical expression level
of CD133 were 9.0months (95%CI: 8.0–10.1) and 12.0months
(95% CI: 10.3–13.7), respectively. The staining intensity of
vascular ICAM-1 did not affect survival (𝑝 = 0.39) of GB
patients (Figure 2(d)).
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(a) (b) (c)

(d) (e) (f)

Figure 1: Blood vessels with various characteristics in glioblastoma (GB). The proportion of microvascular proliferation varied from low-
medium to high. (a) Example of a case with sparsely located small microvascular proliferation (H&E, ×20). (b) Example of abundant large size
microvascular tufts (H&E, ×20). (c) Immunohistochemical staining with anti-CD-133 antibody revealed portion of capillary blood vessels
with CD133-negative staining (×40). (d) GB blood vessels with CD133-positive vascular staining (×40). (e) GB blood vessels with weak
immunohistochemical staining for ICAM-1 (×40). (f) GB blood vessels with strong immunohistochemical staining for ICAM-1 (×40).

Table 2: Multivariate analysis for overall survival (OS).

Variable OS
𝑝 HR (95% CI)

No of visible blood vessels <median vs ≥median 0.02 2.4 [1.2–5.0]
Radiotherapy dose∗ range 30–60Gy 0.64 1.0 [0.9–1.1]
Chemotherapy yes vs no 0.66 0.8 [0.4–1.8]
Karnofsky performance score <70% vs ≥70% 0.01 3.0 [1.3–6.9]
∗Continuous variable; HR, hazard ratio; CI, confidence interval.

In multivariate analysis (Table 2), the number of blood
vessels (HR: 2.4, 95% CI: 1.2–5.0, 𝑝 = 0.02) and Karnofsky
Performance Score (HR: 3.0, 95% CI: 1.3–6.9, 𝑝 = 0.01)
emerged as significant independent prognostic factors forOS.

4. Discussion

GB is considered one of the most angiogenic tumors. The
optimum protocol for antiangiogenic targeting in combina-
tion with radiation therapy and cytotoxic chemotherapy is,
however, unclear and needs to be determined. For this, a
better understanding of the biology of tumor vasculature is
of paramount importance.

The present study showed that GB samples contain vari-
ous types and amounts of blood vessels. In all tumor tissues,
MP, as one of the characteristic features of GB, was seen.

However, individual proportions of MP differed, being low-
medium in 39% and high in 61% of GB patients. Additionally,
the total number of all visible blood vessels varied between
patients. In the study group, there were tumors that contained
only 0.7 blood vessels per high-power microscopic field,
whereas in some samples as many as 7.0 visible blood vessels
were detected. Striking heterogeneity of themicrovasculature
in GB has also been reported in previous studies [6, 23, 24].
For example, it has been shown that GBmay contain vascular
rich areas with a plenty of small capillaries, areas with MP
(especially around necrosis), and almost avascular fields,
resulting in wide range (51.7–304.3 vessels/mm2 ) of vascular
density values in 46 evaluated tumor cases [24].

GB tissue was seen to comprise CD133−, CD133+, and
ICAM-1+ blood vessels. This is in good accordance with
earlier studies where such types of blood vessels have also
been seen [25–27]. In our study, a positive association was
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Figure 2: Kaplan-Meier analysis of overall survival (OS). (a) OS according to the proportion of glomeruloidmicrovascular proliferation (MP,
low-medium versus high). (b) OS according to the number of all visible blood vessels (Vsl, <median versus ≥median). (c) OS according to
the vascular staining intensity of CD133 (CD133si, <median versus ≥median). (d) OS according to the vascular staining intensity of ICAM-1
(ICAMsi, <median versus ≥median).

found between the number of all visible blood vessels and
vascular CD133 staining intensity; that is, tumors in which
stronger CD133 staining was detected contained also more
blood vessels. It has been previously reported that CD133
potentiates proangiogenic activities of vascular endothelial
growth factor (VEGF) and supports angiogenesis [28]. More-
over, knocking down CD133 in endothelial cells disrupts
capillary formation in vitro and decreases angiogenesis in
vivo, confirming a remarkable role of CD133 in angiogenesis
[28].

Earlier studies have shown that CD133+ GB stem cells
are able to form nonendothelial cell lined blood-conducting
channels (“tubular vasculogenic mimicry”) [18, 22] but also
transdifferentiate into endothelial cells [16, 25, 29]. Indeed,
it has been reported that xenograft tumors derived from
human CD133+ GB stem cells display widespread neoangio-
genesis and significantly higher vascular density compared
to CD133− cell formed tumors [30]. The participation of

CD133+ GB stem cells in tumor blood vessel formation
has also been confirmed in studies where these cells have
been found to secrete markedly elevated levels of angiogenic
growth factors such as VEGF, basic fibroblast growth factor,
(bFGF), platelet derived growth factor (PDGF), and epider-
mal growth factor (EGF) [22, 30]. Also, gene expression
analysis of 8 fresh, primary, and nonculturedCD133+GB cells
showed upregulation of a number of genes (e.g., COL1A1,
COL1A2, PGF, and TGFB1) involved in angiogenesis [31].
Importantly, in tumor tissue of 70 patients, a significant
positive correlation has been found between the expression
of CD133+ GB stem cells and CD133+ blood vessels [25].
Therefore, it is plausible that the majority of CD133+ blood
vessels detected in the present study might have a tumor
origin. The latter is also supported by the finding that a
variable number (range: 20–90%, mean: 61%) of endothelial
cells in GB carry the same genomic alteration as tumor
cells, indicating that a significant portion of the vascular
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endothelium has a neoplastic origin [29]. In contrast to
CD133, between the number of blood vessels and vascu-
lar ICAM-1 staining intensity, a negative correlation was
detected; that is, in GB samples with strong vascular ICAM-
1 staining, fewer blood vessels were seen. This suggests that,
in the process of abundant angiogenesis, ICAM-1 might be
downregulated. In fact, earlier in vitro studies have shown
that the stimulation of normal and tumor-derived endothelial
cells with angiogenic growth factors (VEGF, bFGF) results in
substantially suppressed ICAM-1 expression [32]. Moreover,
in vivo, significantly lower vascular density has been reported
in the brain of ICAM-1 knockout mice after local infusion of
VEGF [33].

Next to the morphological evaluation of tumor blood
vessels, their impact on the survival of GB patients was
determined. The median OS of the whole study group was
10.0 months, which is in good accordance with earlier studies
where postoperative radiotherapy, as the main adjuvant ther-
apy, was similarly utilized [2, 3]. The current study showed
that the proportion of MP (low-medium versus high) did
not significantly affect survival, although a trend towards
improved OS in patients with high proportions of MP in
tumor tissuewas evident.Thiswas somewhat surprising since
MP is generally considered as one of the markers of the
aggressiveness of the disease [34]. Morphological appearance
of the MP is, however, often distorted and does not allow
direct judgments concerning tumor blood flow in these blood
vessels. Therefore, whether MP represents an accelerated
form of effective angiogenesis or just a dysfunctional type
of proliferation remains unclear. In spite of that, in a study
of anaplastic oligodendroglial tumors that also included a
proportion of patients with GB features, the presence of
MP did not similarly influence survival [15]. In detail, GB
patients with an oligodendroglial element (GBMO) had
median survival time of 9months and both stratified log-rank
test (𝑝 = 0.6) and multivariate regression analysis (𝑝 = 0.1)
showed no effect of MP on patients’ overall survival.

When all visible tumor blood vessels were considered, a
clear effect on survival of GB patients was detected.We found
3-month difference in survival, in favor of patients whose
tumors contained higher number of visible blood vessels per
high-power microscopic field. In addition, the multivariate
analysis revealed that, next to the well-established prognostic
factor KPS, the number of visible blood vessels emerged
as the significant independent predictor for longer overall
survival. Similar results have been published in a study of
pediatric high grade gliomas mostly consisting of GB [35]. A
significant relationship between the extent of vascular density
(high versus low-medium) and survival was found in patients
tending to survive longer if their tumor had higher density of
CD31-positive vessels (HR = 0.9, 𝑝 = 0.008).

It is well known that tumor oxygenation is an important
determinant of the outcome of radiotherapy and possibly also
of other treatment modalities in a number of tumor types
[36]. In fact, it has been shown that tumor hypoxia induces
both radioresistance and chemoresistance in glioblastoma
preclinical in vitro and in vivo models [37, 38]. Therefore,
better outcome of postoperative radiotherapy in more vascu-
larized glioblastomas, presented in the current study, may be
related to higher tumor perfusion and oxygen levels.

The present study revealed opposite effects of vascular
CD133 and ICAM-1 expression on blood vessel numbers.
Similar to the number of visible blood vessels, 3-month
survival difference was detected in patients between low and
high vascular expression levels of CD133 in favor of patients
with stronger CD133 staining. In contrast, vascular ICAM-1
staining intensity did not affect survival. The latter has also
been shown in GB study, where ICAM-1 gene expression did
not correlate with overall survival of 14 patients. Moreover,
distinct effects of blood vessels with different immunoprofiles
on GB patients’ survival have been reported in an earlier
published study. It was shown that CD31-positive microvessel
density (>median versus ≤median) did not affect survival of
29 GB patients, whereas CD105-positive microvessel density
resulted in a significant difference in survival (mean survival
times: 10.4 versus 18.6 months) [39]. Taken together, these
data show that striking differences exist between vascular
structures with various characteristics in GB tissue. Blood
vessels differ by presence of endothelial cells, immunopro-
file, effect on conventional treatment outcome, prognostic
impact, and probably mechanisms by which the formation
of vessels is stimulated or suppressed. Moreover, currently, it
is not clear when and which type of blood vessel formation
should be blocked. The latter might be one of the reasons
why a vastmajority of extensively tested antiangiogenic drugs
have failed to show significant clinical efficacy.

The present study has several limitations. These include
retrospective data collection and a small number of patients.
Additionally, some important variables, such as tumor O6-
methylguanine-DNA methyltransferase (MGMT) methyla-
tion status and recursive partitioning analysis (RPA), were
not recorded.

5. Conclusions

The survival time of patients withGB depends on the number
of blood vessels and vascular CD133 staining intensity prior to
radiotherapy. For optimizing antiangiogenic therapy, a better
understanding about tumor vasculature biology is clearly
needed.
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