
Abstract. Background: Glioblastoma is a very aggressive brain
tumour with poor prognosis despite radical surgery or
radiotherapy. Signal transducers and activators of transcription
(STAT) proteins are important elements in intracellular
signalling and part of the JAK-STAT pathway. They are
activated by growth factors and cytokines and translocate into
the nucleus upon activation to exert their function as
transcription factors. STAT-1 can be induced by interferons and
has also been found to be important in sensitizing tumours to
chemotherapeutic drugs. Materials and Methods: Forty-six
glioblastoma samples have been analysed for the expression of
STAT-1 by immunohistochemistry. Results: In our study
performed by immunohistochemistry, 22 out of 46 glioblastomas
(48%) were strongly positive for staining with a STAT-1
antibody, 9 (20%) showed an intermediate reactivity, 8 (17%)
low immunoreactivity, and 7 (15%) were completely negative.
In the tumour tissue, STAT-1 expression was mostly localized in
the cytoplasm. This location of STAT-1 suggests the
predominant presence of an inactive form of STAT-1. Tumour
giant cells were frequently strongly stained. Part of the
peritumoral brain tissue showed strongly positively reactive glial
cells. Interestingly, within the infiltration area strong STAT-1
expression was found in reactive astrocytes, glia, and particularly
in microglial components. Conclusion: The expression of STAT-
1 in the majority of glioblastomas, together with its documented
role in apoptosis and in the action of chemotherapeutic drugs
on tumour cell lines point to a possible function of this protein
in the response of glioblastomas to chemotherapy.

Glioblastoma is one of the most aggressive types of brain
tumour and, depending on the location of the neoplasm and
on the operative therapy, has a very poor prognosis. This
tumour entity is the most common primary intracranial
tumour in adults (1-4). The mean age of onset is 55 years,
with very rare occurrence in childhood. Clinical signs are
rapidly progressive neurological deficits. Glioblastomas are
usually situated in one of the cerebral hemispheres, and less
frequently in the brain stem, cerebellum and spinal cord.
Occasionally, they seed through the ventricular system and
metastasize down the spinal cord. They rarely metastasize
outside the CNS, and only sometimes occur in cervical
lymph nodes (5, 6). Outcome depends on the site of the
lesion, the age of the patient, the stage of the neoplastic
expansion and the therapeutic procedures used. Most
clinical studies neglect by evaluating survival time that the
WHO-definition has changed since 2000 (7-10) possibly
leading to confusion in evaluation of tumour specimens! 

The histological features of glioblastoma are
characterized by necrosis and glomeruloid microvascular
(capillary endothelial) proliferations in an astrocytic cell-
rich tumour with pleomorphic cells. Mitotic figures are
usually detected, including highly atypical forms. The vast
majority of glioblastomas have a combination of malignant
glial cell types, with notable pleomorphism, and with
multinucleated giant cells mixed with small anaplastic cells.
Immunohistochemically, the expression of glial fibrillary
acidic protein (GFAP) confirms the astrocytic origin and, in
combination with proliferation antigens such as Ki-67/MIB-
1, is the most valuable marker for glioblastoma. The
expression of GFAP in glioblastomas is variable, but the
nuclear labelling index for Ki-67 must be between 5% and
10% to identify the tumour as glioblastoma. 

Glioblastomas may develop "de novo" as primary
glioblastomas or through progression from low-grade or
anaplastic astrocytomas (secondary glioblastomas) (11).
These subtypes of glioblastoma constitute distinct disease
entities that evolve through different genetic pathways,
affect patients at different ages, and are likely to differ in
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prognosis and response to therapy. Primary glioblastomas
develop in older patients and typically show EGFR
overexpression (12), PTEN (MMAC1) mutations (13),
DKN2A (p16) deletions and, less frequently, MDM2
amplification (14). Secondary glioblastomas develop in
younger patients and often contain TP53 mutations as the
earliest detectable alteration (12). 

STAT-proteins are activated by tyrosine phosphorylation,
usually by JAK kinases. They dimerize, translocate to the
nucleus and there activate their specific target genes (15-
17). In many cases, STAT activation is transient.
Inactivation of STAT proteins is carried out by several
mechanisms, including dephosphorylation of STAT proteins
in the nucleus and degradation through the ubiquitin-
proteasome pathway. A family of negative feedback
inhibitors of the JAK-STAT pathway has been identified,
referred to as suppressor-of-cytokine-signaling (SOCS)
proteins, JAK-binding (JAB) proteins and STAT-induced
STAT inhibitors (SSIs). In addition, a family of protein
inhibitors of activated STAT (PIAS) proteins has been
isolated. Thus, it seems that the overall strength of STAT
signalling for any given cell type may largely be influenced
by the relative levels of STAT, SOCS and PIAS protein
expression. 

STAT-1, the first STAT to be discovered, is an essential
component of IFN signalling and required in innate
immunity. It has been shown that STAT-1 is activated by
IFN-Á, whereas both STAT-1 and STAT-2 are activated by
IFN-alpha (18). 

In addition STAT-1 can be also activated by many growth
factors such as the interleukins IL-6 and IL-10, growth
hormone and thrombopoietin (19). STAT-1 deficient mice
exhibit a severe defect in IFN-dependent immune response
against viruses and microbial pathogens. However these
mice retain the ability to respond to other cytokines, and
have no apparent abnormality in development. Thus, STAT-
1 is primarily important for IFN-dependent signaling
pathways (20).

STAT-1 can serve as a potent inhibitor of growth and as
a promoter of apoptosis in normal and tumour derived
cells. Although STAT-1-deficient mice develop no
spontaneous tumours they are highly susceptible to
chemical carcinogen-induced tumourigenesis (21). Crossing
the STAT-1 mutation into a p53-deficient background
yields animals that develop tumours more rapidly, and with
a broader spectrum of tumour types than is seen with p53
mutants alone (21). The requirement of STAT-1 for
apoptosis and growth arrest in some cell types may be
explained by its ability to up-regulate caspases and the cdk
inhibitor p21 (22).

Recent research has indicated that activation of STAT-1
in neoplasms, either by cell autonomous mechanisms or in
response to the stimulation of the immune system, might

result in higher sensitivity to chemotherapy (23, 24).
Furthermore, it has been shown to lead to a better
prognosis (25) and tumours lacking STAT-1 seem to be
more resistant to inducers of apoptosis (26, 27).

To better understand the impact of STAT-1 in the
pathogenesis of glioblastomas and to evaluate the protein’s
importance in modulating the response to chemotherapy,
we investigated its expression in glioblastomas and
peritumoral tissues. 

Materials and Methods

Tumour samples. Forty-six surgically removed glioblastoma samples
were examined defined based on the revised WHO-classification
as "an anaplastic, cellular glioma composed of poorly
differentiated, often pleomorphic astrocytic tumour cells with
marked nuclear atypia and brisk mitotic activity. Prominent
microvascular proliferation and/or necrosis are essential diagnostic
features" (28). After reevaluation by a reference neuropathologist
(C.S.), only glioblastomas with all the listed diagnostic features
were included in this study. Sections of the formalin-fixed and
paraffin-embedded tumour tissues were stained for STAT-1.
Normal brain tissues from patients who had recently died a sudden
death without cerebral cause or systemic disease served as controls. 

Immunohistochemistry. Immunohistochemistry was performed using
the rabbit polyclonal antibody as described previously (29). Briefly,
5-Ìm sections were cut from paraffin-embedded tissue blocks,
mounted on adhesive-coated glass slides, deparaffinized, and
rehydrated. Endogenous peroxidase was blocked with methanol
containing 3% hydrogen peroxide over 20 min. After washing in
Tris buffer, slides were incubated for 30 min at room temperature
with anti-STAT-1, rabbit polyclonal primary antibody at 1:1000
dilution (C-24, Santa Cruz Biotechnology, Santa Cruz, CA, USA).
As a second step slides were treated with an enzyme-linked
antibody using the Envisionì DAKO ChemMATì Detection Kit
followed by peroxidase/diaminobenzidine (DAB) chromogen
(rabbit/mouse). Finally, slides were counterstained with Mayer’s
Haemalaun solution. STAT-1 immunoreactivity was evaluated by
three independent assessors (J. H., P.O. and C. S.) using light
microscopy. 

The proportion score described the estimated percentage of
positively stained tumour cells (0, none; 1, <10%; 2, 10%-50%; 3,
50%-80%; 4, >80%). An intensity score represented the estimated
staining intensity (0, no staining; 1, weak; 2, moderate; 3, strong).
The total score was defined as the product of proportion and
intensity scores and ranged from = to 12. For detail expression
analysis, STAT-1 expression was divided into 4 subgroups: group
1, score 0 = negative; group 2, score 1-4 = low; group 3, score 6
and 8 = intermediate; group 4, score 8 and 12 = high (30). STAT-
1 overexpression was defined as >4.

Results

In our collection of 46 glioblastomas, 22 tumours (48%)
were strongly positive for STAT-1, nine tumours (20%)
exhibited intermediate reactivity, eight (17%) showed low
immunoreactivity, and seven (15%) were completely
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negative. In the tumour cells, the staining was restricted to
the cytoplasm in all samples investigated, indicating that in
glioblastomas STAT-1 is not translocated to the nucleus
(Figure 1). 

Tumour giant cells exhibited the densest immunoreactions,
whereas the small cell component and endothelial capillary
proliferations were not stained (Figure 1, Panel D). 

The peritumoral brain tissue partially showed strongly
positively reactive glial cells (Figure 1, Panel E), which was
additionally confirmed by immunohistochemistry for p53-
protein (results not shown) known to be overexpressed in
reactive processes as well as in neoplastic changes. To analyze
the numbers of lymphocytic effector cells in and around the
tumour tissue, the material was classified into four groups
containing: no lymphocytes, few lymphocytes, moderate
number of lymphocytes or many lymphocytes. We found that
34 samples showed few lymphocytes (74%), 7 presented with
a moderate leucocytic infiltrate (15%) and 5 (11%) with many
inflammatory cells inside the tumour, especially in the
infiltration zone. There were no tissues without any
inflammatory reaction to the tumour. In the normal brain
tissue, neurones and astrocytes exhibited positive staining,
whereas other cellular elements were negative (Figure 2).

Interestingly, strong STAT-1 expression was found in
reactive astrocytes, especially within the invasion front
(Figure 3). 

Discussion

The main result of our study was that STAT-1
immunoreactivity was found in glioblastomas in different
patterns. Corresponding to the heterogeneity of this
tumour, the reaction was not uniform. The only common
feature was the high staining of cells at the margin of the
tumour the invasion front. This is an interesting point with
respect to the thesis of field cancerization at the border of
the invaded normal parenchyma. The strong staining for
STAT-1 was found in the cytoplasmic region and might be
the result of a long-term activation of the JAK-STAT
pathway, since STAT-1 induces its own expression (31). The
enhanced STAT-1 staining found at the tumour margin
might not be an intrinsic property of the neoplasm but
rather be the result of the reaction between tumour and
normal tissue as shown by the strong positive reaction and
the reactive glial cells at the border between glioblastoma
and the non-invaded brain tissue. In this region we were
often able to detect many lymphocytes, which might be
components of the reaction between tumour and normal
tissue. By contrast, in another study with tumours from
patients with oral squamous carcinoma, nuclear STAT-1
was found in 18% of the analysed tumours (23). This
suggests that signalling pathways activating STAT-1 are not
active in the vast majority of glioblastomas. 

What could be the function of STAT-1 in glioblastomas?
Work from other types of tumours and tumour cell lines
have elucidated several modes of action of STAT-1 in
tumours. Overexpression of STAT-1 in cell lines derived
from squamous carcinomas resulted in growth inhibition
(32). This is in accordance with the general role of STAT-
1 as a tumour suppressor and as a marker for good
prognosis in mammary cancer (25, 33). Another report
documents enhanced chemosensitivity of STAT-1 positive
cancer cells, where type I interferons activate STAT-1 and
synergistically induce apoptosis with some chemo-
therapeutic drugs (24). Furthermore, in squamous cell
carcinomas the action of the topoisomerase inhibitor CPT-
11 (irinotecan) and the antifolate raltitrexed was shown to
be dependent on STAT-1 expression (26). This could also
hold true for glial tumours. Cell-cycle check point pathways
represent another site of interaction between STAT-1 and
chemotherapeutic agents. Many chemotherapeutic drugs
act by inducing DNA damage and genotoxic stress and
activate ataxia – telangiectasia - mutated (ATM) and ataxia
- telangiectasia, Rad 3 – related (ATR)-triggered cell-cycle
check point pathways (34) as part of their anti-tumour
action (35). Activation of these cell cycle check points
promotes DNA repair of the damaged cells. When DNA
repair is not possible, these check points initiate apoptosis
in order to remove damaged cells. A recent report
demonstrated that STAT-1 is required for the
transcriptional up-regulation of two important mediators of
ATM checkpoint activation, namely p53 binding protein 1
(53BP1) and mediator of DNA damage check point 1
(MDC1), suggesting the hypothesis that STAT-1 can
enhance the action of DNA damaging drugs by its influence
on the ATM check point pathway (36). STAT-1 has also
been found to be an indicator and possible mediator of
response to immunotherapy (33). In accordance with this
notion, loss of STAT-1 activation in tumours has been
demonstrated to be part of an immune escape mechanism
of aggressive tumour variants (37). Since some
chemotherapeutic drugs can augment anti-tumour immune
responses (38), it is tempting to speculate that
glioblastomas with activated STAT-1 respond better to
chemotherapy, because STAT-1 signalling promotes
immuno-surveillance mechanisms (39). On the other hand
a high proportion of patients with low tumour STAT-1
expression potentially might not benefit from adjuvant
chemotherapy. This is suggested by a report indicating that
the efficient operation of the ATM check point pathway
requires STAT-1 signalling (36). Thus STAT-1 deficiency
would lead to an increased accumulation of drug-induced
mutations as the result of deficient ATM dependent DNA
repair mechanisms. Indeed, STAT-1 knock-out mice are
more likely to form tumours in response to
chemotherapeutic drugs (21). According to the above-
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Figure 1. Examples of STAT-1 expression in brain tissues. (A): Example of a weakly stained tumour: the cytoplasm of few tumour cells reacted positively
(arrows) in contrast to oligodendroglia, microglia, macrophages and lymphocytes which do not stain. (B): Examples of strongly stained tumour: area of
severe anaplasia showing high cellularity, pleomorphic astrocytes (arrows). (C): Strongly stained tumour shows vascular proliferations (arrows), band-
like necrosis, and frequent mitoses. (D): Tumour giant cells exhibited the densest immunoreactivity (arrows), whereas the small cell component as  well
as endothelial capillary proliferations are not positively stained; moderate STAT-1 immunoreactivity in neurons and glial cells (arrowheads): astrocytes
were weakly positive,oligodendrocytes were negative. (E): The peritumoral brain tissue shows strongly positive reactive glial cells (arrows). (F):
Lymphocytes occur within the neoplastically transformed tissue (arrowheads). (G, H): Classical features of glioblastoma; original magnification x200.
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Figure 2. Normal brain tissue (A,B): neurons (arrows)  and astrocytes (arrows) show positive staining, all other cellular elements are negative. (C,
D): Oligodendrocytes (arrows) and endothelial cells (arrowheads) are negative; original magnification x200.

Figure 3. Tumour invasion front: (A): endothelial cells (arrows) do not react positively. (B, C, D): neurons (arrows) and astrocytes (arrowheads) are
positive, all other cellular elements remain negative. (C, D, E, F): Oligodendrocytes and microglial cells are negative; original magnification x200.



mentioned multiple roles of STAT-1 in tumours, STAT-1
expression determined by immunohistochemistry in
glioblastomas could be a useful biomarker to guide
therapeutic decisions. To date, decision-making on the
therapeutic strategies for patients with glioblastomas is
mainly influenced by the size of the neoplasm, the cerebral
regions which are invaded, histological features, and
performance status. However, these clinicopathological
parameters do not sufficiently predict the response to
chemotherapy, surgery or radiotherapy. Further studies
which investigate STAT-1 expression and response to
therapy are needed, to evaluate the possible usefulness of
STAT-1 as a useful predictive marker for glioblastomas.

In this respect it will be also interesting to evaluate
primary against secondary glioblastomas concerning the
STAT-1 immune reaction. A difference between them may
exist which could also be exploited to broaden the
diagnostic criteria for these variants of this disease and to
refine the therapy of these two forms of tumour
manifestation. 

References

1 Kleihues P, Louis DN, Scheithauer BW, Rorke LB,
Reifenberger G, Burger PC and Cavenee WK: The WHO
classification of tumors of the nervous system. J Neuropathol
Exp Neurol 61: 215-225, 2002.

2 Schiffer D: Classification and biology of astrocytic gliomas.
Forum (Genova ) 8: 244-255, 1998.

3 Kleihues P, Soylemezoglu F, Schauble B, Scheithauer BW and
Burger PC: Histopathology, classification, and grading of
gliomas. Glia 15: 211-221, 1995.

4 Wiestler OD and Wolf HK: Revised WHO classification and
new developments in diagnosis of central nervous system
tumors. Pathologe 16: 245-255, 1995.

5 Durmaz R, Erken S, Arslantas A, Atasoy MA, Bal C and Tel
E: Management of glioblastoma multiforme: with special
reference to recurrence. Clin Neurol Neurosurg 99: 117-123,
1997.

6 Phillips J, Sikora K and Watson JV: Localisation of glioma by
human monoclonal antibody. Lancet 2: 1214-1215, 1982.

7 Hsu E, Keene D, Ventureyra E, Matzinger MA, Jimenez C,
Wang HS and Grimard L: Bone marrow metastasis in astrocytic
gliomata. J Neurooncol 37: 285-293, 1998.

8 Jubelirer SJ: A review of the treatment and survival rates of
138 patients with glioblastoma multiforme. W V Med J 92:
186-190, 1996.

9 Park CC, Hartmann C, Folkerth R, Loeffler JS, Wen PY, Fine
HA, Black PM, Shafman T and Louis DN: Systemic metastasis
in glioblastoma may represent the emergence of neoplastic
subclones. J Neuropathol Exp Neurol 59: 1044-1050, 2000.

10 Scott JN, Rewcastle NB, Brasher PM, Fulton D, Hagen NA,
MacKinnon JA, Sutherland G, Cairncross JG and Forsyth P:
Long-term glioblastoma multiforme survivors: a population-
based study. Can J Neurol Sci 25: 197-201, 1998.

11 Kleihues P and Ohgaki H: Primary and secondary glioblastomas:
from concept to clinical diagnosis. Neuro Oncol 1: 44-51, 1999.

12 Nozaki M, Tada M, Kobayashi H, Zhang CL, Sawamura Y, Abe
H, Ishii N and Van Meir EG: Roles of the functional loss of
p53 and other genes in astrocytoma tumorigenesis and
progression. Neuro Oncol 1: 124-137, 1999.

13 Li J, Yen C, Liaw D, Podsypanina K, Bose S, Wang SI, Puc J,
Miliaresis C, Rodgers L, McCombie R, Bigner SH, Giovanella
BC, Ittmann M, Tycko B, Hibshoosh H, Wigler MH and
Parsons R: PTEN, a putative protein tyrosine phosphatase gene
mutated in human brain, breast, and prostate cancer. Science
275: 1943-1947, 1997.

14 Halatsch ME, Schmidt U, Unterberg A and Vougioukas VI:
Uniform MDM2 overexpression in a panel of glioblastoma
multiforme cell lines with divergent EGFR and p53 expression
status. Anticancer Res 26: 4191-4194, 2006.

15 Heim MH: The Jak-STAT pathway: cytokine signalling from
the receptor to the nucleus. J Recept Signal Transduct Res 19:
75-120, 1999.

16 Rawlings JS, Rosler KM and Harrison DA: The JAK/STAT
signaling pathway. J Cell Sci 117: 1281-1283, 2004.

17 Kisseleva T, Bhattacharya S, Braunstein J and Schindler CW:
Signaling through the JAK/STAT pathway, recent advances and
future challenges. Gene 285: 1-24, 2002.

18 Darnell JE Jr, Kerr IM and Stark GR: Jak-STAT pathways and
transcriptional activation in response to IFNs and other
extracellular signaling proteins. Science 264: 1415-1421, 1994.

19 Shuai K: The STAT family of proteins in cytokine signaling.
Prog Biophys Mol Biol 71: 405-422, 1999.

20 Akira S: Functional roles of STAT family proteins: lessons from
knockout mice. Stem Cells 17: 138-146, 1999.

21 Kaplan DH, Shankaran V, Dighe AS, Stockert E, Aguet M,
Old LJ and Schreiber RD: Demonstration of an interferon
gamma-dependent tumor surveillance system in immuno-
competent mice. Proc Natl Acad Sci USA 95: 7556-7561, 1998.

22 Bromberg J: Stat proteins and oncogenesis. J Clin Invest 109:
1139-1142, 2002.

23 Laimer K, Spizzo G, Obrist P, Gastl G, Brunhuber T, Schafer
G, Norer B, Rasse M, Haffner MC and Doppler W: STAT1
activation in squamous cell cancer of the oral cavity: a potential
predictive marker of response to adjuvant chemotherapy.
Cancer, 2007.

24 Thomas M, Finnegan CE, Rogers KM, Purcell JW, Trimble A,
Johnston PG and Boland MP: STAT1: a modulator of
chemotherapy-induced apoptosis. Cancer Res 64: 8357-8364, 2004.

25 Widschwendter A, Tonko-Geymayer S, Welte T, Daxenbichler
G, Marth C and Doppler W: Prognostic significance of signal
transducer and activator of transcription 1 activation in breast
cancer. Clin Cancer Res 8: 3065-3074, 2002.

26 McDermott U, Longley DB, Galligan L, Allen W, Wilson T and
Johnston PG: Effect of p53 status and STAT1 on
chemotherapy-induced, Fas-mediated apoptosis in colorectal
cancer. Cancer Res 65: 8951-8960, 2005.

27 Choi EA, Lei H, Maron DJ, Wilson JM, Barsoum J, Fraker DL,
El Deiry WS and Spitz FR: Stat1-dependent induction of tumor
necrosis factor-related apoptosis-inducing ligand and the cell-
surface death signaling pathway by interferon beta in human
cancer cells. Cancer Res 63: 5299-5307, 2003.

28 Kleihues P, Louis DN, Scheithauer BW, Rorke LB,
Reifenberger G, Burger PC and Cavenee WK: The WHO
classification of tumors of the nervous system. J Neuropathol
Exp Neurol 61: 215-225, 2002.

ANTICANCER RESEARCH 27: 3829-3836 (2007)

3834



29 Obrist P, Spizzo G, Ensinger C, Fong D, Brunhuber T, Schafer
G, Varga M, Margreiter R, Amberger A, Gastl G and
Christiansen M: Aberrant tetranectin expression in human
breast carcinomas as a predictor of survival. J Clin Pathol 57:
417-421, 2004.

30 Gastl G, Spizzo G, Obrist P, Dunser M and Mikuz G: Ep-CAM
overexpression in breast cancer as a predictor of survival.
Lancet 356: 1981-1982, 2000.

31 Wong LH, Sim H, Chatterjee-Kishore M, Hatzinisiriou I,
Devenish RJ, Stark G and Ralph SJ: Isolation and
characterization of a human STAT1 gene regulatory element.
Inducibility by interferon (IFN) types I and II and role of IFN
regulatory factor-1. J Biol Chem 277: 19408-19417, 2002.

32 Xi S, Dyer KF, Kimak M, Zhang Q, Gooding WE, Chaillet JR,
Chai RL, Ferrell RE, Zamboni B, Hunt J and Grandis JR:
Decreased STAT1 expression by promoter methylation in
squamous cell carcinogenesis. J Natl Cancer Inst 98: 181-189, 2006.

33 Battle TE, Wierda WG, Rassenti LZ, Zahrieh D, Neuberg D,
Kipps TJ and Frank DA: In vivo activation of signal transducer
and activator of transcription 1 after CD154 gene therapy for
chronic lymphocytic leukemia is associated with clinical and
immunologic response. Clin Cancer Res 9: 2166-2172, 2003.

34 Kastan MB and Bartek J: Cell-cycle checkpoints and cancer.
Nature 432: 316-323, 2004.

35 Zhou BB and Bartek J: Targeting the checkpoint kinases:
chemosensitization versus chemoprotection. Nat Rev Cancer 4:
216-225, 2004.

36 Townsend PA, Cragg MS, Davidson SM, McCormick J, Barry
S, Lawrence KM, Knight RA, Hubank M, Chen PL, Latchman
DS and Stephanou A: STAT-1 facilitates the ATM activated
checkpoint pathway following DNA damage. J Cell Sci 118:
1629-1639, 2005.

37 Liu K, Caldwell SA and Abrams SI: Immune selection and
emergence of aggressive tumor variants as negative consequences
of Fas-mediated cytotoxicity and altered IFN-gamma-regulated
gene expression. Cancer Res 65: 4376-4388, 2005.

38 Lake RA and Robinson BW: Immunotherapy and chemotherapy
– a practical partnership. Nat Rev Cancer 5: 397-405, 2005.

39 Dunn GP, Koebel CM and Schreiber RD: Interferons,
immunity and cancer immunoediting. Nat Rev Immunol 6: 836-
848, 2006.

Received April 17, 2007
Revised July 12, 2007

Accepted August 23, 2007

Haybaeck et al: STAT-1 Expression in Human Glioblastoma and Peritumoral Tissue

3835



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


