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Abstract

Background and purpose: Antigens CD31 and CD34 and
relative cerebral blood volume (rCBV) in gliomas reflect in dif-
ferent ways neoangiogenesis of the tumour. Thus, we decided:
(1) to estimate the correlation between the values of CD31 and
CD34 and the value of rCBV in low-grade gliomas (LGG),
and (2) to establish the prognostic value of these markers.
Material and methods: The investigated group consisted of
53 patients with LGG who were operated on in the Neuro-
surgical Department at Sosnowiec between 2005 and 2011.
On the basis of perfusion-weighted imaging (PWI-MRI) in
the tumour texture, rCBV was calculated. The values of CD31
and CD34 were estimated on the basis of immunohisto-
chemical investigation. Three outcome measures were as-
sessed: (1) overall survival, (2) progression-free survival, and
(3) malignant-free survival. Statistical analyses were done
using the STATISTICA 9.0 program.

Results: Higher value of rCBV in the texture of LGG sig-
nificantly correlated with higher CD31 (» = 0.0006) and
CD34 values (p = 0.0043). Progression-free survival was
significantly longer in patients with rCBV < 1.75 than for
persons with rCBV > 1.75 (p = 0.015). Lower expression
of CD31 correlated with probability of longer survival of the
patients after the operation of LGG (p = 0.068).

Streszczenie

Wstep i cel pracy: Antygeny CD31 i CD34 oraz warto$é
wzglednej objetosci krwi (rCBV) w tkance glejakéw mézgu
odzwierciedlaja w réznym stopniu neoangiogenez¢ w obrebie
guza. Dlatego autorzy postanowili okresli¢ korelacje migdzy
warto$ciami CD31 1 CD34 a warto$cia rCBV w utkaniu gle-
jakdéw wysoko zréznicowanych oraz ustali¢ warto$¢ rokow-
niczg tych wskaznikéw.

Materiat i metody: Badania dotyczyly 53 pacjentéw, ktérzy
w latach 2005-2011 byli operowani w Klinice Neurochirur-
gii w Sosnowcu z powodu wysoko zréznicowanego glejaka
mézgu. U chorych tych na podstawie badania perfuzji metoda
rezonansu magnetycznego okreslono objetos¢ krwi w guzie
przed operacja (rCBV). Wartosci CD31 1 CD34 oznaczono
na podstawie reakcji immunohistochemicznej. Miarami wyko-
rzystanymi w rokowaniu byly: 1) catkowity czas przezycia,
2) progresja nowotworu i 3) zfoliwa transformacja nowo-
tworu. Analize statystyczng wykonano za pomocg programu
STATISTICA 9.0.

Wyniki: Wieksze warto$ci rCBV w utkaniu glejaka wysoko
zréznicowanego istotnie korelowaly z wigkszymi warto$cia-
mi CD31 (p = 0,0006) i CD34 (p = 0,0043). Czas wolny
od progresji nowotworu (PFS) byt istotnie dtuzszy u chorych
z warto$cia rCBV w utkaniu glejaka < 1,75 niz u os6b z war-
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Conclusions: Density of microvessels as assessed immuno-
histochemically with CD31+ and CD34+ in LGG corre-
lated with the value of rCBV in the tumour. The value of 1.75
for rCBV may be the threshold for better or poorer outcome
of these patients. Expression of CD31 antigen is an impor-
tant prognostic factor for the time of survival for patients with

LGG.

Key words: low-grade gliomas, outcome, CD31, CD34,
rCBV.

Introduction

CD31 and CD34 molecules constitute markers for
vascular endothelium; moreover, CID34 is a marker for
bone marrow stem cells within the circulatory system
[1,2]. Their expression has been found in glioma cells
as well [2]. Khattab ez a/. proved the presence of CD31
antigen in 78% of brain gliomas. The level of expression
increased with the level of malignancy of the tumour [3].
The highest levels of expression have been reported in
glioblastomas, then in anaplastic, gemistocytic and, final-
ly, fibrillary astrocytomas. Similar findings were report-
ed by others [4]. Circulatory bone marrow stem cells that
show high expression of CD34 antigen are incorporated
into glioma vessels and expand in their vicinity [5].

The highest expression levels of CD31 and CD34
antigens are usually found within neoangiogenic zones
of an expanding brain tumour. Angiogenesis within
a brain tumour is reflected in magnetic resonance imag-
ing (MRI) by maps of relative cerebral blood volume
(rCBV) and relative cerebral blood flow (rCBF) gen-
erated with a dynamic susceptibility contrast-enhanced
perfusion-weighted imaging (DSCE-PWT) sequence.
Importantly, rCBV positively correlates with biological
malignancy of glioma and vascular density [6-9]. Rel-
ative cerebral blood volume values are the lowest with-
in astrocytomas, higher within oligoastrocytomas, and
the highest within oligodendrogliomas [10]. Accordin-
gly, rCBV values allow the differentiation of glioma sub-
types.

Based on aforementioned data, we decided to per-
form a prospective study with 68 participants treated for
low-grade brain gliomas [11] in order to evaluate the
expression levels of endothelial markers CD31 and
CD34 along with their prognostic values. Prognostic
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toscig rCBV > 1,75 (p = 0,015). Niskie wartosci antygenu
CD31 koreluja z prawdopodobienstwem dluzszego przezycia
chorych z wysoko zréznicowanymi glejakami (p = 0,068).
Whioski: Gestos¢ mikronaczyn wyznakowanych immunohi-
stochemicznie CD31+ 1 CD34+ w utkaniu wysoko zréz-
nicowanych glejakéw koreluje z wielkoscig rCBV w obrebie
tych guzéw. Wartos¢ 1,75 dla rCBV w glejakach wysoko
zréznicowanych moze by¢ wartoscig progows dla lepszego
1 gorszego rokowania tych pacjentéw. Ekspresja antygenu
CD31 jest waznym czynnikiem rokowniczym czasu przezycia
chorych z wysoko zréznicowanymi glejakami mézgu.

Stowa kluczowe: glejaki wysoko zréznicowane, rokowanie,
CD31, CD34, rCBV.

value of rCBV within the tumour was appraised as well.
Finally, CD31 and CD34 expression levels were corre-
lated with rCBV values within the tumour.

Material and methods

Our cohort included 53 patients out of 68 who were
treated for low-grade gliomas in the Department of Neu-
rosurgery, Silesian Medical University in Sosnowiec
between 2005 and 2011. All of them had perfusion-
weighted MR imaging (PW-MRI) performed prior to
surgery in order to assess rCBV within the tumour. Mag-
netic resonance studies were performed either on 1.5 T
Magnetom Avanto (Siemens AG, Erlangen, Germany)
or 3 T Achieva (Philips Medical Systems, Best, Nether-
land) scanners with standard head coils. A fast echo-pla-
nar imaging (EPI) sequence during and after paramag-
netic contrast injection was implemented so as to acquire
PWI data. Settings for perfusion studies were as follows:
repetition time/echo time (TR/TE) 1560/30 ms, field of
view (FOV) 250 X 250 mm, 21 slices (thickness —
5 mm), matrix 128 X 128, voxel size 2.0 X 2.0, gap 20%,
flip angle 90° and acquisition time 1 min 24 s with 50 re-
petitions of 1.6 s for the Siemens Avanto scanner and
TR/TE 16/24 ms, FOV 230 X 187 X 144 mm, 36 slices
(thickness — 4 mm), matrix 64 X 52, voxel size 3.59 X
3.59, flip angle 7° and acquisition time 1 min 28 s with
60 repetitions of 1.4 s for the Philips Achieva scanner.
Paramagnetic contrast (0.1 mmol/kg) was injected at
6 mL/s following the 4th acquisition with subsequent sali-
ne bolus. The standard manufacturer’s software was sub-
sequently used in order to analyse PWI data. Next, colour-
coded rCBV maps were used to define regions of interest
(ROIs). Regions of interest were placed within solid parts
of the tumours and in the contralateral hemisphere’s nor-
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mal white matter as a reference. The relationship between
mean rCBV within the tumour and rCBV value within
normal white matter was then calculated based on those
predefined ROIs (normalized rCBV).

Prognosis was defined as: (1) overall survival (OS)
— from surgery to death; (2) progression-free survival
(PFS) — from surgery to either tumour enlargement in
the FLLAIR sequence or the occurrence of contrast en-
hancement, and (3) malignant transformation-free sur-
vival (MFS) — from surgery to malignant transforma-
tion affirmed on MRI and confirmed with a biopsy or
open surgery.

A routine microscopic examination of postoperative
sections of the tumour served as a basis for histopatho-
logical diagnosis. Expression of endothelial markers
CD31 and CD34 was subsequently identified and
scored within the parenchyma of the glial tumour.

Tissue samples for histopathology were fixed for
16 hours in 4% buffered formalin then dehydrated and
embedded in Histowax (HistoLab). Next, 3-4 um thick
paraffin sections were sectioned on a rotatory microtome
and mounted on Superfrost Plus (Menzel Gliser) glass-
es. Sections were then dried, deparaffinized in PTlink
(Dako) tissue processor, processed with FnVision™
FLEX Target Retrieval Solution (Dako) and gradual-
ly hydrated. Endogenous peroxidase activity was sub-
sequently quenched with hydrogen peroxidase (EnVi-
sion™ FLEX Peroxidase-Blocking Reagent, Dako).

All immunohistochemical reactions were performed
at the same time for all of the samples in the Neu tissue
processor. Commercially available antibodies (FLEX
Ready-to-Use Primary Antibodies, DAKO) were used
in order to detect the markers in question: FLEX MO
A-HU CD31, ENDOTHELIAL CELL, clone
JC70A for the CD31 marker and FLEX MO A-HU
CD34 CLASS I, clone QBEnd 10Autostainer Link 48
for the CD34 marker along with the visualization system
EnVision™ FLEX+ (DAKO). 3,3’-diaminobenzidine
served as a chromogen. Afterwards, immunohistochem-
istry data were evaluated with an Axioplan 2e light micro-
scope equipped with an Axiocam HRc digital camera and
image analysis software Axiovision 4.3 (Zeiss). Primary
analysis of the sample under small magnification allowed
the selection of hot spots with the richest vascularisation.
Then the selected region was studied for the presence of
a positive immunohistochemical reaction under 400 X
magnification. Criteria for microscopic analysis of CD31
and C34 expression were as follows:

A single, positively stained endothelial cell or a clus-
ter of them regardless of the presence of the lumen was

Neurologia i Neurochirurgia Polska 2013; 47, 4

considered a vessel. A semi-quantitative, three-step scale
for evaluation of microvascular density was implement-
ed for 20 consecutive fields of view and the average was
then calculated:

1+ (scant), i.e. < 20 vessels within a field of view,

2+ (moderate), i.e. 20-100 vessels within a field of view,
3+ (intense), i.e. > 100 vessels within a field of view.

Statistical analysis

Statistical analysis was performed with STATISTICA
9.0 software. In order to assess the differences between
variables, a non-parametric Kruskal-Wallis ANOVA was
initially implemented. Whenever a statistically significant
difference was found, multiple comparisons were per-
formed. Kaplan-Meier analysis was performed for OS,
PFS and MFS and a log-rank test was subsequently exe-

cuted in order to evaluate the influence of analysed vari-
ables on survival measurements (OS, PFS and MES).

Results

CD31 and CD34 expression levels along with rCBV
values are presented in Table 1.

CD31 expression levels were determined at 1+ in
19 cases, 2+ in 26 cases and 3+ in 8 cases.

CD34 expression levels were determined at 1+ in
24 cases, 2+ in 21 cases and 3+ in 8 cases.

Relative CBV values were calculated for 49 patients
(4 patients were not included) and varied from 0.52 to
4.39. Examples of lowest and highest rCBV values are
shown on perfusion maps along with standard M RI
images (Figs. 1A-B and Figs. 2A-B).

Consequently, rCBV values were compared in sub-
groups of patients with various expressions of CD31 and
CD34 antigens. Analysis was performed with non-para-
metric Kruskal-Wallis test with multiple comparisons of
rCBV values in different CD31 and CD34 expression
subgroups. Results are presented in Table 2.

Relative CBV values in tissue that showed various
CD31 and CD34 expression levels from 1+ to 3+ were
significantly different. The higher the expression levels,
the higher was the rCBV within the tumour.

Relative CBV values in relation to CD31 expression
levels differed significantly (» = 0.0006). Multiple com-
parisons for CD31 showed significant differences of
rCBV values between 1+ and 3+ subgroups (p =
0.0004) as well as between 2+ and 3+ subgroups (p =
0.0402). The relative CBV value in the subgroup of
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Table 1. CD31 and (D34 expression levels and relative cerebral blood volu-
me (r(BV) values measured within the parenchyma of low-grade gliomas

Table 1. Cont.

No. CD31 CD34 rCBY
37. 24 2+ 1.96
38. 1+ 1+ 1.08
39. 3+ 2+ 2.99
40. 24 1+ 1.50
41. 1+ 1+ 1.84
42. 1+ 2+ 2.40
43. 3+ 3+ 3.63
44. 1+ 1+ 0.81
45, 2+ 2+ 1.19
46. 2+ 1+

47. 1+ 1+ 0.78
48, 1+ 1+ 0.52
49. 24 1+ 1.26
50. 1+ 2+ 0.87
51, 1+ 1+ 2.62
52. 24 2+ 1.37
53. 2+ 2+ 2.76

No. CD31 CD34 rCBY
1. 2+ 1+ 1.27
2. 2+ 2+ 1.51
3. 2+ 1+ 2.78
4. 2+ 1+ 1.11
5. 2+ 2+ 1.58
6. 3+ 3+ 1.49
7. 1+ 2+ 1.27
8. 3+ 3+ 1.68
9. 2+ 2+ 1.73
10. 1+ 1+ 1.29
11. 2+ 2+
12. 2+ 2+ 0.87
13. 3+ 2+ 1.88
14. 1+ 1+ 1.68
15. 2+ 1+ 1.62
16. 1+ 1+ 0.91
17. 2+ 2+ 1.52
18. 3+ 3+ 4.39
19. 2+ 2+ 0.79

20. 2+ 2+ 1.60

21. 1+ 1+ 0.61

22. 1+ 1+ 0.62

23. 1+ 1+ 2.45

24. 1+ 1+ 0.99

25. 3+ 3+ 2.08

26. 1+ 1+ 1.10

27. 2+ 3+

28. 2+ 2+ 1.37

29. 1+ 1+ 0.72

30. 1+ 1+ 1.00

31. 2+ 2+ 0.93

32. 2+ 3+ 1.94

33. 2+ 1+ 1.83

34. 2+ 2+ 1.28

35. 2+ 3+

36. 3+ 3+ 3.12
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patients with tumours assessed at 3+ was considerably
the highest.

Similarly, rCBV values in relation to CD34 expres-
sion levels differed significantly (»p = 0.0043) as well.
Multiple comparisons for CD34 showed significant dif-
ferences of average rCBV values between 1+ and 3+
subgroups (» = 0.0032). Relative CBV values in the
subgroup with 3+ CD34 expression levels were sig-
nificantly higher than in the subgroup with 1+ expres-
sion. No significant differences in rCBV values between
the tumours with 2+ and 3+ expression levels were
found.

Previous studies [11,12] proved that an rCBV val-
ue of 1.75 within a low-grade glial tumour is a thresh-
old value for better or worse prognosis of patients. Based
on that, we decided to evaluate the prognosis for patients
with rCBV values < and > 1.75.

Log-rank analysis proved significant differences of
PFES between patients with rCBV values < 1.75 and
> 1.75 (» = 0.015) (Fig. 3).

In order to evaluate the risk of recurrence/progression
of the tumour based on rCBV values in our cohort of 53
patients we assessed the optimal, mean value of rCBV based
on the ROC curve first. The obtained value, however, had
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Fig. 1A-B. Perfusion map of a patient with an insular glioma with the lowest relative cerebral blood volume value

Table 2. Comparison of relative cerebral blood volume (1CBV) values in tissues showing (D31 and (D34 expression

CD31 expression 1+ 2+ 3+ p-value*
rCBV

median (interquartile range) 1.00 (0.78-1.68) 1.51(1.26-1.73) 2.54(1.78-3.38) 0.0006
range 0.61-2.45 0.79-2.78 1.49-4.39

CD34 expression 1+ 2+ 3+ p-value*
rCBV

median (interquartile range) ~ 1.11 (0.81-1.68) 1.51(1.23-1.92) 2.09 (1.68-3.63) 0.0043

range 0.61-2.78

0.79-2.99

1.49-4.39

*Kruskal-Wallis test

neither high sensitivity nor high specificity and the area
under the curve presented low accuracy of classification.

Accordingly, an analysis of overall survival (OS) rel-
ative to the different expression levels of CD31 antigen
was performed. Results are presented in Figure 4.

The differences between the curves were assessed
with the log-rank test. For overall survival of 53 patients
with CD31 expression, a p-value of 0.0683 was achiev-
ed. This value is marginally significant. Values for PF'S
and MFS were not significant. For CD34, the p-value
averaged 0.3173 for overall survival, i.e. was not sig-
nificant.

Discussion

Malignant, rapidly growing glial tumours — glioblas-
toma multiforme in particular — are characterized by high
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intensity of neoangiogenesis and rapid growth of the
tumour [13].

In order to evaluate the intensity of angiogenesis, we
performed studies with anti-CD31 and anti-CD34 anti-
bodies. They can detect antigens on the surface of
endothelial cells of microvessels within the tumour
[4,14]. Immunohistochemical stains for CD31 and
CD34 markers allow the assessment of vascular densi-
ty within the tumour as well as in the regions free of neo-
plastic infiltration [15]. Based on microvascular densi-
ty within the tumour evaluated with CD31 antibody it
was proven that glioblastomas have the most intense
expansion of microvessels, while in oligodendrogliomas
or WHO grade 11 astrocytomas it is either moderate or
scant [4,14,16,17]. Our study of low-grade gliomas, on
the other hand, showed that microvascular density,
judged based on CD31 and CD34 presence within
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Fig. 2A-B. Perfusion map of a patient with an insular glioma with temporal lobe involvement and the highest relative cerebral blood volume value
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Fig. 3. Progression-free survival of patients with relative cerebral blood volu-
me (r(BV) values < or>1.75

endothelial cells of low-grade gliomas, varies consider-
ably from scant to intense. It suggests that a fraction of
low-grade glial tumours has a substantial number of
pathological vessels that might support more robust
expansion of a tumour. Angiogenesis within the tumour
might be stimulated by bone marrow stem cells or result
from stimulatory effects of glioma cells on this cell pop-
ulation. Santarelli ez a/. [5] reported that endothelial
progenitor cells derived from bone marrow stem cells
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Fig. 4. Kaplan-Meier curves for overall survival of the patients based on (D31
expression

might be integrated into new blood vessels within the
developing malignant glioma. Importantly, these cells
express CD34 and Flk-1. While the percentage of bone
marrow-derived cells within the glioma is relatively low
(4%), they are usually found within ramifications or at
the end of newly born vessels, i.e. they decide about the
further development of glioma vessels.

Whenever CD31 and CD34 values are related to the
rCBV within the tumour it has been proven that CD31

Neurologia i Neurochirurgia Polska 2013; 47, 4
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and CD34 values positively correlate with high values
of rCBV within the tumours. A number of authors have
stressed that rCBV values define the malignancy of
gliomas and microvascular density within the tumours,
L.e. the level of angiogenesis [2,7-9]. Others proved that
rCBV above 1.75 is a recognized prognostic factor
for WHO grade II gliomas and precedes rapid expan-
sion of the tumour within the brain [12]. It is an addi-
tional prognostic factor on top of the fundamental one,
i.e. histopathology of the tumour. Accordingly, both
CD31 and CD34 expression levels and rCBV values
comparably reflect the degree of neoangiogenesis with-
in the tumour. Moreover, these values correlate with
each other.

It has been proven as well that an rCBV value of 1.75
is an important threshold that stratifies patients into
groups with higher and lower risk of an unfavourable
outcome [11,12]. In our cohort of 53 patients, we found
that patients with high values of CD31 expression with-
in a low-grade glioma tissue had lower probability of
overall survival. Accordingly, high density of microves-
sels within a WHO grade 11 glioma is a negative prog-
nostic factor. On the other hand, no relationship between
high levels of CD34 within the tumour’s parenchyma
and worse prognosis exists. It might arise, however, from
a semi-quantitative method that we implemented for the
number of patients with CD34 3+ and 2+ expression
levels in our cohort was comparable to the one with high
expression of CD31 antigen.

Conclusions

1. Increased expression of CD31 and CD34 signifi-
cantly correlates with higher values of rCBV within
low-grade gliomas.

2. The relative CBV value of 1.75 in WHO grade 11
gliomas might be a threshold value for better or worse
prognosis for these patients.

3. CD31 antigen expression is an important prognostic
factor for overall survival of patients with low-grade
brain gliomas.
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