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IGFBP-2 EXPRESSION,
ANGIOGENESIS AND
PSEUDOPALISADES IN
GLIOBLASTOMA

Abstract
Glioblastoma is the most frequent, the most malignant and the best vascularised primary brain tumor.
Substantial evidence suggests that IGFBP-2 (insulin-like growth factor binding protein) may play a significant
role in the development and progression of various types of cancer, including the anaplastic progression of
astroglial tumors. The correlation of IGFBP-2 and VEGF over-expression in diffuse gliomas and strong IGFBP-2
immunostaining and co-expression with VEGF in the cells of pseudopalisading necrosis suggests the induction
of IGFBP-2 expression by hypoxia and/or possible involvement of its protein product in angiogenesis. The aim of
this study was to analyze the expression of IGFBP-2 and the relationship between the IGFBP-2 expression, extent
of bizarre angiogenesis and the presence of pseudopalisades. The prognostic impact of these variables was
estimated, as well. Our results revealed that most glioblastoma (75%) express IGFBP2 and that IGFBP2 expression
was associated with the presence of pseudopalisading necrosis as well as extensive bizarre angiogenesis.
IGFBP-2 immunoreactivity in more than 5% of tumor cells and the presence of pseudopalisading necrosis
were prognostically significant in univariate analysis (p=0.034) while in multivariate analysis only a patient’s
age and the presence of pseudopalisades remained statistically significant (p=0.004). The results of our study
showed the association of IGFBP-2 expression in glioblastoma with pseudopalisades and bizarre angiogenesis
thus confirming on morphological grounds presumed induction of this gene under hypoxic conditions and its
possible role in angiogenesis.
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1. Introduction a high affinity for insulin-like growth IGFBP-2 possibly controls the cellular

Glioblastoma is the most common primary
brain tumor and one of the most malignant
human neoplasms. It accounts for 12-15% of
all intracranial neoplasms and 60-75% of glial
tumors [1]. Median survival time is only 12-14
months [2,3].
Characteristic  histological features of
this tumor include cellular proliferation and
pleomorphism, mitotic activity, necrosis and
Microvascular

microvascular  proliferation.

proliferation  results in bizarre vascular
formations such as glomeruloid bodies, vascular
garlands and vascular clusters [4]. Necrosis,
particularly pseudopalisading type, and bizarre
angiogenesis are morphological hallmarks of
glioblastoma that distinguish this glioma from
other infiltrative astrocytomas of lower grade [5].

IGFBP-2 (insulin-like growth factor binding

protein) is one of the seven peptides with

* E-mail: leo.pazanin@gmail.com

factors (IGF) [6,7]. By sequestering IGFs
away from the type | IGF receptor, IGFBPs
differentiation,
IGF-stimulated

Substantial
IGFBP-2 over-expression

may inhibit mitogenesis,

and other
[6,8,9].
that

related to development and

survival,
events evidence
suggests

might be
progression of various types of cancer
[9-16]. Serum IGFBP-2 level is elevated in
several malignant diseases such as prostatic
[17-19], ovarial [20-22], and gastro-intestinal
cancers[23,24]. IGFBP-2expressioninatypical
and neoplastic prostatic and epithelium, but
not in normal or hyperplastic type, suggests
that it could be an independent marker of
[9,25,26]. The
strong correlation between over-expression

neoplastic transformation

of IGFBP-2 and histologic grade implies that
IGFBP-2 may play a significant role in glioma
progression [27-33].

functions that are crucial in determining the
phenotypes of advanced stages of cancer,
such as cell proliferation, angiogenesis and
invasion [32,34,35]. Reactivation of IGFBP-2
in glioblastoma is accompanied by the over-
expression of VEGF and vascular proliferation
suggesting the possible role of IGFBP-2 in tumor
angiogenesis. Strong IGFBP-2 immunostaining
and co expression with VEGF in the cells of
pseudopalisades suggests the induction of this
gene by hypoxia [16,33,36,37].

In order to further explore the presumed
proangiogenic and hypoxia-associated
role of IGFBP-2 the aim of this study was
to determine the relationship between
the IGFBP-2 expression, extent of bizarre
vascular formations and the presence of
pseudopalisades. Additionally, the prognostic
significance of these variables on overall
patient survival was also estimated.

219



/
VERSITA

2. Experimental Procedures

Fifty-six patients, 30 male and 26 female, who
underwent surgery of primary glioblastoma
between January 2003 and December 2007
at the Department of Neurosurgery Clinical
Hospital Center Sestre Milosrdnice were
included in this retrospective study. Median
age at surgery was 62.5 years (range 47-77
years) and median survival time was 162
days. All tumor specimens were reviewed and
confirmed as primary glioblastomas according
to the criteria of World Health Organization
(WHO) Classification of Brain Tumors [1].
Recurrent tumors or tumors with a history
of previous low-grade astrocytoma were
excluded from this study. No chemotherapy or
radiotherapy was administered to the patients
before the surgery.

Surgical specimens were fixed in 10%
buffered formalin and embedded in paraffin
blocks. For each sample, all sections were taken
from the same paraffin blockin orderto evaluate
IGFBP-2 expression, neovascularisation and the
presence of pseudopalisades in the identical
tumor areas. |Immunohistochemistry was
performed on 4-um formalin-fixed paraffin-
embedded tissue sections using the LSAB
method and Dako TechMate TM automatic
immunostainer according to the manufacturer’s
instructions.  Primary antibodies used were
goat polyclonal antihuman insulin-like growth
factor-binding protein 2 (IGFBP-2, Santa Cruz
Biotechnology, Santa Cruz, California, 1:75)
and mouse monoclonal antihuman endoglin
(CD105) (DAKO, Glostrup, Denmark, 1:25).
Human placenta served as a positive control,
while the negative control was obtained
by substituting the primary antibody with
normal goat IgG. Endoglin (CD105) was used
as immunohistochemical marker for activated
endothelial cells which participate in the
neovascularisation in order to facilitate the
recognition of the angiogenesis pattern. All
immunopositive neoplastic cells were included
in this study. IGFBP-2 expression was estimated
by using a semiquantitative four-tiered scale:
score 0 = no IGFBP-2 positive cells; score 1T = up
to 5% of IGFBP-2 positive tumor cells; score 2
=>5-25% of IGFBP-2 positive tumor cells; score
3 - > 25% of IGFBP-2 positive tumor cells [28].

Bizarre vascular formations (glomeruloid
bodies, vascular clusters and vascular garlands)
and the three-tired scoring system of bizarre
angiogenesis were defined according to
Birner et al. [4]. The scoring system was
used as follows: 0 points: no bizarre vascular
formations (glomeruloid bodies or vascular
clusters or vascular garlands) evident; 1 point:
only single bizarre vascular formation in the
whole tumor specimen detectable; 2 points:
easily detectable multiple bizarre vascular
formations. Scoring points of glomeruloid
bodies, vascular clusters and vascular garlands
in the individual tumor were added giving the
final bizarre angiogenesis score (maximum
score of 6). Pseudopalisades were defined as an
irregular focus of tumor necrosis surrounded by
the palisading tumor cell nuclei [1].

Data were analyzed by Statistica 6.0 software
(StatSoft Inc, Tulsa, OK, USA). Spearman
correlation was used to assess the correlation
between categorical variables. Survival
probabilities were computed according to
the Kaplan-Meier method. Survival data were
obtained form the National Cancer Register
ending with September 5, 2009 (census date).
Overall survival was defined from the day of
the initial surgery until death of the patient.
Survival until the end of the observation was
considered as censored observation. For all
tests, a 2-tailed p-value of <0.05 was considered
as significant.
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3. Results

IGFBP-2 immunoreactive cells (Figure 1) were
found in 75% of (42/56) analyzed tumors.
IGFBP-2 expression in up to 5% of tumor cells
was observed in 28.6% (16/56) tumors, >5 to
25% tumor cells in 35.7% (20/56) and >25%
of tumor cells in 10.8% (6/56) cases. IGFBP-2
expression was limited to the tumor cells
only. IGFBP-2 immunoreactivity was found
diffusely throughout the neoplastic cells but
was enhanced in the tumor cells forming
pseudopalisades.

Vascular garlands, glomeruloid bodies
and vascular clusters were observed in 14
(25.0%), 34 (60.7%) and 43 (76.8%) cases,
respectively. Only 2 cases had no bizarre
vascular formations, and only 2 cases had the
maximum bizarre angiogenesis score of 6.
At least one bizarre vascular formation was
observed in 54 (96.4%) cases. Pseudopalisades
were observed in 31/56 (55.4%) cases. IGFBP-2
expression was positively associated with
vascular clusters, bizarre angiogenesis score
and pseudopalisades (Table 1).

Patient age was negatively associated
with glomeruloid bodies and bizarre
angiogenesis score (Table 2). The age of the
patient was negatively associated with the
survival and this association was statistically
significant (Spearman Rank correlation, r=-
0.26, p=0.044). No associations between the

Figure 1. Variable cytoplasmicIGFBP-2immunoreactivity is present in majority of glioblastoma cells. Magnification

400x."
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X . X Table 1. IGFBP-2 correlation with bizarre angiogenesis and pseudopalisades (N=56).
bizarre vascular formations and survival were

observed.
. 5 . Spearman - R t(N-2) p
When IGFBP-2 expression was classified in 4
categories it showed no statistically significant vascular garlands 0,0039 0,029 0,976

correlation with survival (x2=5.218, p=0.157,
Kaplan-Meier). However, if IGFBP-2 expression glomeruloid bodies 0,105 0,778 0,439
was classified in only two categories, one with

; i vascular clusters 0,272 2,082 0,042
less or equal 5% immunoreactive cells and
the other with >5% immunoreactive cells, the bizarre angiogenesis score 0,281 2,155 0,035
patients with more IGFBP-2 immunoreactive
cells survived longer and this was statistically pseudopalisades 0346 2712 0,008
significant (Z =-2,120, p=0.034, Kaplan-Meier)
(Figure 2). Table 2. Patient’s age correlation with bizarre angiogenesis (N=56).
Pseudopalisades were also a statisticall
udopall W istically Spearman - R t(N-2) p
significant predictor of longer survival in
univariate analysis. Median survival of patients vascular garlands -0,030 -0,224 0,823
with pseudopalisades was 6.6 months
while median survival of patients without glomeruloid bodies -0359 -2:832 0.006
pseudopalisades was 4.6 months (Z=-2.036; vascular clusters 0127 0,948 0347
p=0.0418, Kaplan Meier)(Figure 3).
When pseudopalisades were analyzed in a bizarre angiogenesis score -0,375 -2,976 0,004
model including patient age (most significant
predictor of survival) previously determined
statistical significance of pseudopalisades as Cumulative Proportion Surviving (Kaplan-Meier)
an independent predictor of survival was lost o Complete + Censored
(p=0.092), although the model was a statistically 0 T T T T T T T T T
significant predictor of survival (x2=10.554; |
df=2; p=0.005). As there was no statistically 0,9}
significant difference for age between groups o 08|
with and without pseudopalisades this was £
most probably not the cause of the loss of 5 o
TS . . %
statistical significance for pseudopalisades in a c 06
o
two variant model. k=
o 05
Adding more factors in a multivariate model CQL
predicting survival (bizarre angiogenesis score % 0.4
and IGFBP-2 expression), the multivariate % 0,3
model showed a statistically significant 2
. . S £ 02
influence on survival (p=0.043) with significant o
independent influence of age (p=0.004) and 0.1+
i in a way that o0l S —
pseudopalisades (p=0.034) in a way that 0,0} K
younger individuals (aged 47-55 years) having
seudopalisades have longer survival 0.1 = ' ' ' ' ' ' ' ' — Group 1
P P 9 : 0 10 20 30 40 50 60 70 80 90
~—- Group 2
Time

4. Discussion

Figure 2. Kaplan-Meier survival curves in patients stratified by IGFBP-2 expression. Group 1 are patients with no
immunoreactive tumor cells (stratum 0) and patients with less or equal 5% of immunoreactive tumor
cells (stratum 1). Group 2 are patients with >5% of immunoreactive tumor cells (stratum 2 and 3).
most malignant and the best vascularised Censored data are presented as ,+"'

Glioblastoma is the most frequent, the

primary brain tumor. Pseudopalisades, bizarre

angiogenesis and IGFBP-2 over-expression differentiated astroglial tumors. IGFBP-2 and is one of the most frequent molecular
are morphological and molecular features over-expression directly correlates with the events in glioblastomas [16,27,31]. IGFBP-2
distinguishing glioblastoma from better tumor grade of diffuse astroglial tumors immunoreactivity in our study was found in
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be a consequence of the poor interobserver

Cumulative Proportion Surviving (Kaplan-Meier) agreement already noticed in the vascular

° Complete + Censored pattern recognition [43].
1,0} : I : I I I I I I Although the prognosis for patients with
0.9 glioblastoma is poor, survival is variable and
3-5% are known to survive for more than 3 years
o 0.8 [44]. Established good prognostic factors include
E 0,7 young age, high Karnofsky Performance Status
a (KPS), high mini-mental status examination
5 0.6 score, O6-methylguanine methyltransferase
§_ 0,5 promoter methylation, and resection of > 98%
E 0.4 of the tumor [45]. Few studies investigated the
2 prognostic significance of IGFBP-2 expression
% g with the contradictory results. McDonald et al.
€ 02 found no difference in the median survival of
© 0.1 (AR R N IGFBP-2 positive and negative glioblastomas
o A A + (182 days with IGFBP-2 expression compared to
0,0 186 with no IGFBP-2 expression) [28] although
0,1 . . . . . N long-term survival of more than 3 years was
0 10 20 30 40 50 60 70 80 90 ___y observed in patients with IGFBP-2 negative

Time

Figure 3. Kaplan-Meier survival curves in patients with (Y) and without (N) pseudopalisades in analyzed tumor

samples. Censored data are presented as,+"

75% of glioblastomas confirming the previously
published results indicating IGFBP-2 positivity
in 69% to 100% glioblastomas [28,29,31,38].
IGFBP-2 likely exerts its oncogenic potential
through the control of cellular functions that
are crucial in determining the phenotypes
of advanced stages of cancer, such as cell
proliferation, angiogenesis and invasion
[32]. Hsieh et al. demonstrated IGFBP-2 over-
expression within the stem-cell compartment
of glioblastomas and its significance for clonal
expansion and proliferation of stem-cells [39].
They suggest that IGFBP-2 may contribute
significantly to glioblastoma pathogenesis by
promoting stem-cell proliferation and survival.
Moore et al. indicated that IGFBP-2 behaves as
an oncogenic driver in glioma progression [40].
Association  of  immunohistochemically
IGFBP-2 with

morphological correlates of neovascularisation

determined expression
(bizarre angiogenesis score) and hypoxia
(pseudopalisades) in our study might be
their
hypoxic pathogenesis. The correlation of

explained with presumed identical
IGFBP-2 and VEGF over-expression in diffuse

gliomas and strong IGFBP-2 immunostaining

and co-expression with VEGF in the cells of
pseudopalisades suggest the induction of this
gene by hypoxia through the HIF-1a (hypoxia-
inducible factor) activated transcription and/
or possible involvement of its protein product
in angiogenesis [16,33,36,37]. Evidence that
IGFBP-2 expression can be induced under
anoxic or hypoxic conditions in glioblastoma
cell lines and mouse embryonic stem cells
and hypoxic injury to the rat brain supports
this hypothesis [33,36]. Hypoxic conditions
associated with necrosis probably induce
angiogenic response and this could explain
the intimate relationship between necrosis and
glomeruloid bodies in glial neoplasms [41].
However, it remains unclear whether IGFBP-2
expression is intricately involved in the process
of angiogenesis or whether it is merely a
consequence of the hypoxic environment [28].

According to some authors vascular patterns
clinical outcome

significantly  influence

in primary glioblastomas [4] but not in
ependymomas [42]. In our study no association
was found between the extent of bizarre
angiogenesis and survival. This disagreement

with the previously published results [4] might

glioblastoma [28]. In the report of Santosh
et al. univariate analysis showed statistically
significant association between the IGFBP-2
labeling index and worse clinical outcome [33].
However, the patients in our study with > 5%
IGFBP-2 immunoreactivity cells survived longer
and this was statistically significant. Positive
association of IGFBP-2 and survival in analyzed
tumors might be the consequence of enhanced
IGFBP-2 expression in tumor cells forming
pseudopalisades which in multivariate analysis
had statistically significant and independent
influence on survival.

Multivariate analysis in our study showed
that patient age and the presence of
pseudopalisades had statistically significant
and independent influence on survival
in a way that younger individuals having
pseudopalisades had longer survival. Because
necrosis and apoptosis can lead to cell
removal, one might suggest that they are both
desirable in cancer treatment. However, in the
setting of glioblastoma multiforme, clinical
studies indicate that as the degree of necrosis
advances, the patient’s prognosis worsens. It
has been shown that the presence of palisading
necrosis in glioblastoma is an indicator of poor
prognosis [46]. Although the magnitude of the
survival difference between patients with and
without tumor necrosis was small, absence of

necrosis, after adjustment for age and extent
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of resection, was still a statistically significant
predictor of longer survival in multivariate
analysis [47]. Pierallini A et al. evaluated the
prognostic significance of the extent of the
necrotic area as seen on contrast-enhanced CT
and/or MRI [48]. Their survival data suggested
that only patients with a small area of necrosis
(less than 35% of the tumor) had a significantly
longer survival time. When necrosis involved
more than 35% of the mass, patients had a

shorter survival time, without any further
correlation with the extent of necrosis [48] .
Theresults of our study showed the association
of IGFBP-2 expression in glioblastoma with
pseudopalisades and bizarre angiogenesis thus
confirming presumed induction of this gene
under hypoxic conditions and its possible role
in angiogenesis. Positive prognostic influence
of IGFBP-2 expression and pseudopalisades on
overall survival is surprising and has to be further

: . v
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evaluated because our sample was small and
there is a possibility that observed differences
may be accidental.

Acknowledgement

This work was supported in part by the
Ministry of Science, Education and Sports of
the Republic of Croatia (grant number 108-
1081870-1884 to B.K.).

References

[1] Kleihues P, Cavenee W. K, ed., World Health Organization
Classification of Tumours, Pathology and Genetics of Tumours of the
Nervous System, Lyon: IARC Press; 2007.

[2] Palanichamy K., Erkkinen M., Chakravarti A, A predictive and
prognostic markers in human glioblastomas, Curr. Treat. Options
Oncol,, 2006, 7, 490-504

[3] Reardon D. A, Wen PY. Therapeutic advances in the treatment
of glioblastoma: rationale and potential role of targeted agents,
Oncologist, 2006, 11, 152-64

[4] Birner P, Piribauer M., Fischer I., Gatterbauer B., Marosi C., Ambros P. F.
et al,, Vascular patterns in glioblastoma influence clinical outcome
and associate with variable expression of angiogenic proteins:
evidence for distinct angiogenic subtypes, Brain Pathol., 2003, 13,
133-43

[5] Brat D. J, Van Meir E.G., Vaso-occlusive and prothrombotic
mechanisms associated with tumor hypoxia, necrosis, and
accelerated growth in glioblastoma, Lab. Invest., 2004, 84, 397-405

[6] Jerome L., Shiry L., Leyland-Jones B., Deregulation of the IGF axis
in cancer: epidemiological evidence and potential therapeutic
interventions, Endocr. Relat. Cancer, 2003, 10, 561-678

[7]1 Schlenska-Lange A., Knupfer H., Lange T., Kiess W., Knupfer M., Cell
proliferation and migration in glioblastoma multiforme cell lines are
influenced by insulin-like growth factor | in vitro, Anticancer Res.,
2008, 28, 1055-1060

[8] WangH., Rosen D.G.,Wang H., Fuller G.N., Zhang W.,, Liu J., Insulin-like
growth factor-binding proteins 2 and 5 are differentially regulated in
ovarian cancer of different histologic types, Mod. Pathol., 2006, 19,
1149-1156

[9] Zhang L., Huang W., Chen J., Zhou X., Lu Z., Zhou H., Expression of
IGFBP2 in gastric carcinoma and relationship with clinicopathologic
parameters and cell proliferation, Dig. Dis. Sci., 2007, 52, 248-253

[10] Dunlap S. M., Celestion J., Wang H., Jiang R, Holland E. C,, Fuller G. N.
et al., Insulin-like growth factor binding protein 2 promotes glioma
development and progression, Proc. Natl. Acad. Sci. USA 2007, 104,
11736-11741

[11] Hoeflich A., Reisinger R., Lahm H., Kiess W., Blum W. F, Klob H. J,
Insulin-like growth factor-binding protein 2 in tumorigenesis:
protector or promoter?, Cancer Res. 2001, 61, 8601-8610

[12] Huynh H,, lizukaS.,Kaba M., Kirak O., Zheng J., Lodish H.F. et al., Insulin-
like growth factor-binding protein 2 secreted by a tumorigenic cell
line supports ex vivo expansion of mouse hematopoietic stem cells,
Stem Cells, 2008, 26, 1628-1635

[13]Kitszel A., Krawczuk-Rybak M., Are elevated serum levels of
IGFBP-2 after intensive chemotherapy of childhood acute
lymphoblastic leukemia a risk factor of relapse?, Adv. Med. Sci.,
2007,52,147-153

[14] Mehrian-ShaiR.,Chen C,, ShiT., Horvath S., Nelson S., Reichardt J. et al.,
Insulin growth factor-binding protein 2 is a candidate biomarker for
PTEN status and PI3K/Akt pathway activation in glioblastoma and
prostate cancer, Proc. Natl. Acad. Sci. USA, 2007, 104, 5563-5568

[15] Miyako K., Cobb L. J,, Francis M., Huang A., Peng B., Pintar J. E. et al.,
PAPA-1 is a nuclear binding partner of IGFBP-2 and modulates its
growth-promoting actions, Mol. Endocrinol., 2009, 23, 169-175

[16] Wang H., Shen S. S, Wang H., Diwan AH., Zhan W., Fuller G.N.
et al., Expression of insulin-like growth factor-binding protein 2 in
melanocytic lesions, J. Cutan. Pathol., 2003, 30, 599-605

[17] Cohen P, Peehl D. M., Stamey D. A., Wilson K. F, Clemmons D. R,
Rosenfeld R. G., Elevated levels of insulin-like growth factor-binding
protein-2 in the serum of prostate cancer patients, J. Clin. Endocrinol.
Metab., 1993, 76, 1031-1035

[18] Kanety H., Madjar Y., Dagan., Levi J., Papa M., Pariente C. et al., Serum
insulin-like growth factor binding protein-2 (IGFBP-2) is increased
and IGFBP-3 is decreased in patients with prostate cancer: correlation
with serum prostate-specific antigen, J. Clin. Endocrinol. Metab.,
1993,77,229-233

[19] Ho P. J,, Baxter R. C,, Insulin-like growth factor-binding protein-2 in
patients with prostate carcinoma and benign prostatic hyperplasia,
Clin. Endocrinol., 1997, 46, 333-342

[20] Flyvbjerg A., Mogensen O., Mogensen B., Nielsen O. S., Elevated
serum insulin-like growth factor-binding protein 2 (IGFBP-2) and
decreased IGFBP-3 in epithelial ovarian cancer: correlation with
cancer antigen 125 and tumor-associated trypsin inhibitor, J. Clin.
Endocrinol. Metab., 1997, 82, 2308-2313

[21] Baron-Hay S., Boyle F., Ferrier A., Scott C., Elevated serum insulin-like
growth factor binding protein-2 as a prognostic marker in patients
with ovarian cancer, Clin. Cancer Res., 2004, 10, 1796-1806

223



e
VERSITA

[22] Lancaster J. M., Sayer R. A., Blanchette C., Calingaert B., Konidari I.,
Gray J. et al., High expression of insulin-like growth factor binding
protein-2 messenger RNA in epithelial ovarian cancers produces
elevated preoperative serum levels, Int. J. Gynecol. Cancer, 2006, 16,
1529-1535

[23] El Atiq F.,, Garrouste F.,, Remacle-Bonnet M., Sastre B., Pommier G.,
Alterations in serum levels of insulin-like growth factors and insulin-
like growth-factor binding proteins in patients with colorectal cancer,
Int. J. Cancer, 1994, 57, 491-497

[24] Liou J. M., Shun C. T, Liang J. T., Chiu H. M., Chen M. J., Chen C. C.
et al,, Plasma insulin-like growth factor-binding protein-2 levels as
diagnostic and prognostic biomarker of colorectal cancer, J. Clin.
Endocrinol. Metab., 2010, 95, 1717-1725

[25] Perks C. M., Vernon E. G., Rosendahl A. H., Tonge D., Holly J. M. P, IGF-II
and IGFP-2 differentially regulate PTEN in human breast cancer cells,
Oncogene, 2007, 26, 5966-5972

[26] Rowlands M.-A., Gunnell D., Harris R., Vatten L. J., Holly J. M., Martin
R.M., Circulating insulin-like growth factor peptides and prostate
cancer risk: a systematic review and meta-analysis, Int. J. Cancer,
2009, 124, 2416-2429

[27] Fuller G. N., Rhee C. H,, Hess K. R., Caskey L. S., Wang R., Bruner J. M.
et al.,, Reactivation of insulin-like growth factor binding protein 2
expression in glioblastoma multiforme: a revelation by parallel gene
expression profiling, Anticancer Res., 1999, 59, 4228-4232

[28] McDonald K. L., O'Sullivan M. G,, Parkinson J. F,, Shaw J. M., Payne
C. A, Brewer J. M. et al., IQGAP1 and IGFBP2: valuable biomarkers
for determining prognosis in glioma patients, J. Neuropathol. Exp.
Neurol., 2007, 66, 405-417

[29] Becher O. J., Peterson K. M., Khatua S., Santi M. R., MacDonald T. J.,
IGFBP2 is overexpressed by pediatric malignant astrocytomas and
induces the repair enzyme DNA-PK, J. Child Neurol., 2008, 23, 1205-
1213

[30] Fukushima T., Kataoka H., Role of insulin-like growth factor binding
protein-2 (IGFBP-2) in glioblastoma, Anticancer Res., 2007, 27, 3685-
3692

[31] ElImlinger M. W.,, Deininger M. H., Schuett B. S., Meyermann R., Duffner
F., Grote E. H. et al., In vivo expression of insulin-like growth factor-
binding protein-2 in human gliomas increases with the tumor grade,
Endocrinology, 2001, 142, 1652-1658

[32]Wang H., Wang H., Shen W., Huang H., Hu L., Ramda L. et al., Insulin-
like growth factor binding protein 2 enhances glioblastoma
invasion by activating invasion-enhancing genes, Cancer Res.,
2003, 63,4315-4321

[33] Santosh V., Arivazhagan A., Sreekanthreddy P, Srinivasan H., Thota B.,
Srividya M. R. et al.,, Grade-specific expression of insulin-like growth
factor-binding proteins-2, -3, and -5 in astrocytomas: IGFBP-3 emerges
as a strong predictor of survival in patients with newly diagnosed
glioblastoma, Cancer Epidem. Biomar., 2010, 19, 1399-1408

[34] Jiang R., Mircean C., Shmulevich I, Cogdell D., Jia Y., Tabus . et al,,
Pathway alterations during glioma progression revealed by reverse
phase protein lysate arrays, Proteomics, 2006, 6, 2964-2971

Translational Neuroscience

[35] Hoelzinger D. B, Demuth T,, Berens M., Autocrine factors that sustain
glioma invasion and paracrine biology in the brain microenviroment,
J. Natl. Canc. Inst. 2007, 99, 1583-1593

[36] Feldser D., AganiF, lyer N., Pak B., Ferreira G., Semenza G. L., Reciprocal
positive regulation of hypoxia-inducible factor 1alpha and insulin-
like growth factor 2, Cancer Res., 1999, 59,3915-3518

[37] Godard S., Getz G., Delorenzi M., Farmer P, Kobayashi H., Desbaillets I.
et al,, Classification of human astrocytic gliomas on the basis of gene
expression: a correlated group of genes with angiogenic activity
emerges as a strong predictor of subtypes, Cancer Res. 2003, 63,
6613-6625

[38] Marucci G., Morandi L., Magrini E., Farnedi A. Franceschi E.,
Miglio R. et al, Gene expression profiling in glioblastoma and
immunohistochemical evaluation of IGFBP-2 and CDC20, Virchows
Arch., 2008, 453, 599-609

[39] Hsieh D., Hsieh A., Baldassarre S., Ellsworth R., IGFBP2 promotes
glioma tumor stem cell expansion and survival, Biochem. Biophys.
Res. Commun., 2010, 397, 367-372

[40] Moore L. M., Holmes K. M., Smith S. M., Wu Y., Tchougounova E.,
Uhrbom L. et al., IGFBP2 is a candidate biomarker for INK4a-Arf status
and a therapeutic target for high-grade gliomas, Proc. Natl. Acad. Sci.
USA, 2009, 106, 16675-16679

[41] Brat D. J., Van Meir E. G., Glomeruloid microvascular proliferation
orchestrated by VGF/VEGF, A new world of angiogenesis research,
Am. J. Pathol., 2001, 158, 789-796

[42] Preusser M., Wolfsberger S., Haberler C., Breitschopf H., Czech T,
Budka H. et al., Vascularization and expression of hypoxia-related
tissue factors in intracranial ependymoma and their impact on
patient survival, Acta Neuropathol., 2005, 109, 211-216

[43] Preusser M., Heinzl H., Gelpi E., Schonegger K., Haberler C., Birner P.
et al., Histopathological assessment of hot-spot microvessel density
and vascular patterns in glioblastomas: poor observer agreement
limits clinical utility as prognostic factors: a translational research
project of the European Organization for Research and Treatment of
Cancer Brain Tumor Group, Cancer, 2006, 107, 162-170

[44] Krex D., Klink B., Hartmann C., von Deimling A., Pietsch T., Simon M.
et al., Long-term survival with glioblastoma multiforme, Brain, 2007,
130, 2596-2606

[45] Adamson C., Kanu O. Mehta A. Di C, Lin N. Mattox A. et al,
Glioblastoma multiforme: a review of where we have been and
where we are going, Expert Opin. Investig. Drugs, 2009, 18, 1061-
1083

[46] Dong S., Nutt C. L., Betensky R. A., Stemmer-Rachamimov A. O., Denko
N. C, Ligon K. L. et al., Histology-based expression profiling yields
novel prognostic markers in human glioblastomas, J. Neuropathol.
Exp. Neurol., 2005, 64, 948-955

[47] Barker F.G., Davis R.L.,Chang S. M., Prados M. D., Necrosis is a prognostic
factor in glioblastoma multiforme, Cancer, 1996, 77, 1161-1166

[48] Pierallini A., Bonamini M., Osti M. F,, Pantano P, Paleggiani F., Santoro
A. et al, Radiological assessment of necrosis in glioblastoma:
variability and prognostic value, Neuroradiology, 1998, 40, 150-153

224





