
Additive Effect on Survival of Raf Kinase
Inhibitor Protein and Signal Transducer and
Activator of Transcription 3 in High-Grade
Glioma
Judith Maresch, MD1; Peter Birner, MD1; Mikhail Zakharinov, MD2; Kalina Toumangelova-Uzeir, MS3;

Sevdalin Natchev, MD, PhD3; and Marin Guentchev, MD, PhD2

BACKGROUND: Animal studies have shown cooperative contribution of the Ras/Raf/MAPK and PI3K/Akt/mTOR sig-

naling pathways in glioblastoma formation. However, this joint action has not yet been confirmed in human studies.

METHODS: The expression of Raf kinase inhibitory protein (RKIP) was examined in 159 patients with high-grade and

low-grade gliomas and correlated with previously obtained data on the activation of signal transducer and activator

of transcription 3 (STAT3), a downstream effector of the PI3K/Akt/mTOR signaling pathway. RESULTS: RKIP expres-

sion was associated with a longer overall survival in high-grade glioma cases without showing a direct or inverse cor-

relation with tyrosine-705 phosphorylation of STAT3 (pSTAT3). Notably, RKIP-positive and pSTAT3 negative cases

demarcate a patients group with exceptionally long survival, exceeding the prognostic impact of each single marker.

CONCLUSIONS: The results of this study indicated that 1) RKIP expression correlates with tumor grade and is a

marker for good prognosis in high-grade gliomas; 2) RKIP expression and lack of pSTAT3 have a cumulative prognos-

tic impact; and 3) RKIP and pSTAT3 are likely to operate independently to influence survival. These findings repre-

sented the first human evidence of an additive effect of 2 distinct signaling pathways in high-grade glioma,

suggesting that simultaneous inhibition of multiple pathways should be considered as a treatment strategy for these

patients. Cancer 2011;117:2499–504. VC 2010 American Cancer Society.
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Gliomas are the most common primary brain tumors.1 Glioma cells usually infiltrate healthy brain tissue,2 posing an
unsolvable surgical problem: total resection usually cannot be achieved.3 A characteristic feature of gliomas is their poten-
tial to spontaneously progress to more malignant phenotypes. The molecular mechanisms of tumor invasiveness and ma-
lignant progression have been widely studied, but no effective therapeutic target has been found.1,3,4

Recent reports have shown that glioblastoma-like tumor formation is induced in the healthy brain through a combi-
nation of oncogenes from the Ras/Raf/MAPK and PI3K/Akt/mTOR signal transduction pathways,5,6 suggesting that
glioblastoma oncogenesis involves distinct signaling pathways operating in parallel.

Ras signaling was found to be required for the maintenance of glioma tumor growth in vivo.7 Recent results indicate
that Ras/Raf/MAPK pathway activation in glioma is achieved much more frequently by copy number gains than by muta-
tions.8 Interestingly, a Ras inhibitor can block both glioma cell migration and anchorage-independent proliferation.9 Fur-
thermore, a combination of Raf and mTOR inhibitors reduces glioma cell proliferation and invasion.10

Raf kinase inhibitory protein (RKIP), also known as phoshaptidylethanolamine binding protein, is involved in regu-
lation of growth and differentiation of mammalian cells by inhibiting Raf and thereby negatively regulating growth factor
signaling by the Ras/Raf/MAPK signal transduction pathway.11-13 Lack of RKIP has been shown to promote tumor pro-
gression in a variety of human cancers12 and induce radioresistance in prostate cancer.14
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RKIP/Raf interaction is regulated by 2 mechanisms:
phosphorylation of RKIP at Ser-153, and occupation of
RKIP’s conserved ligand-binding domain with a phos-
pholipid.15 RKIP associates with Raf-1 and the MEK and
MAP kinases16 to terminate signal transmission from Raf-
1 to MAP kinases.17 The inhibitory effect of RKIP on
MAP kinase signaling is lifted by phosphorylation of
RKIP. 15 Because RKIP regulates key physiological proc-
esses, it is of therapeutic interest to identify agents that ei-
ther prevent its down-regulation or potentiate its ability
to inhibit target proteins such as Raf-1.

A growing body of evidence suggests that constitu-
tively activated signal transducer and activator of tran-
scription 3 (STAT3) contributes to tumor development
and progression in various types of human cancer.18

STAT3 is commonly found in glioblastoma cells,19-23

and its activation correlates with poor survival24 and is
required for glioma growth25 and maintenance of multi-
potency in glioblastoma stem cells.26,27 Recent reports
have shown that STAT3 acts as a downstream effector of
the PTEN/PI3K/mTOR pathway in regulating fate
choice of central nervous system stem cells28 and mainte-
nance of the stem cell population in breast cancer.29

The aim of this study was to investigate the influence
of RKIP expression in the survival of glial tumors and cor-
relate the data with the previously published results on
STAT3 tyrosine-705 phosphorylation in the same
collective.30

MATERIALS AND METHODS

Patients and Tissues

Surgical specimens of 126 patients with high-grade glio-
mas were included into this retrospective study. All 126
cases were used in a previous study investigating the role
of tyrosine-705 phosphorylated STAT3 (pSTAT3) in
high-grade glioma.24 These patients comprised cases of
diffuse glioma treated in the time period from July 2004
to February 2008 at St. Ivan Rilski University Hospital.
Standard postoperative adjuvant radiotherapy (50-60 Gy)
was applied to all patients, resembling the standard adju-
vant therapy in Bulgaria at the given period.

Sixty-six (52.4%) patients were women, and 60
(47.6%) were men. The mean age was 55.9 � 12.4 (SD)
years. One hundred three (81.5%) patients were classified
as World Health Organization (WHO) grade 4 (100 glio-
blastoma and 3 gliosarcoma). Twenty-three (18.5%)
patients were classified as WHO grade 3 (14 anaplastic
oligoastrocytoma, 4 anaplastic astrocytoma, 3 anaplastic

gemistocytic astrocytoma, and 2 anaplastic oligodendro-
glioma). The mean observation time was 891 � 76 (SE)
days; during this period, 19 (73.1%) patients with grade 3
glioma and 80 (80%) patients with glioblastoma died of
their brain tumor. Furthermore, 27 patients with WHO
grade 2 glioma and 6 patients with WHO grade 1 glioma
were studied.

Immunohistochemistry

Expression of RKIP was determined immunohistochemi-
cally in paraffin-embedded, paraformaldehyde-fixed
specimens. Tissue microarrays with 14 5-mm diameter
samples per slide were used in this study. Histological
slides, 4 lm in thickness, were deparaffined in xylol. En-
dogenous peroxidase was blocked with methanol contain-
ing 0.3% hydrogen peroxide for 30 minutes. Slides were
pretreated for 25 minutes in citrate buffer (pH 6.0) in a
microwave oven for 25 minutes. Slides were then incu-
bated for 30 minutes at room temperature with a polyclo-
nal rabbit antibody against RKIP (Millipore/Upstate,
Billerica, MA, cat. #07-137, lot #20152) in a dilution of
1:1000. Visualization was performed using a Vectastain
ABC kit (Vector Labs, Burlington, CA). A specimen was
considered positive for RKIP expression when from vital
tumor cells, more than 90% showed moderate to strong
cytoplasmic staining (Figure 1B). Otherwise, the sample
was rated as negative (Figure 1A). As negative control, the
primary antibody was replaced by irrelevant rabbit immu-
noglobulin G. As a positive control, a low-risk gastrointes-
tinal stroma tumor with known RKIP expression was
used.

Statistical Methods

Chi-square test, Mann-Whitney test, and Spearman’s
coefficient of correlation were used as appropriate. Overall
survival was defined as the period from primary surgery
until death. Death from a cause other than glioma or sur-
vival until the end of the observation period was consid-
ered a censored observation. Univariate analysis of overall
survival was performed via Kaplan-Meier analysis or uni-
variate Cox regression. Multivariate analysis of survival
was performed by the Cox proportional hazards model.
SPSS 17.0 (SPSS Inc, Chicago, IL) was used for all calcu-
lations. For all tests, a 2-tailed P � .05 was considered
significant.

Previously obtained data from the same tissue sam-
ples on tyrosine-705 phosphorylated STAT3 activation24

were also included in statistical analysis.
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RESULTS

The Proportion of RKIP-Positive Cases
Decreases With Malignancy

RKIP expression was generally uniform throughout the
sample (Figure 1). RKIP expression was observed in
53.4% of glioblastoma (n¼ 49), 56.5% of glioma grade 3
(n¼ 10), and 81.5% of glioma WHO grade 2 cases
(n¼ 5). Five of 6 pilocytic astrocytomas (83.3%) showed
RKIP expression. A significant difference in the propor-
tion of RKIP-expressing cases between tumors with vari-
ous grading was observed (P¼ .029, chi-square test)
(Table 1). Subsequent testing showed a significant differ-
ence in RKIP expression between WHO grade 2 and
grade 4 tumors (P¼ .006, chi-square test), whereas the
difference in RKIP expression betweenWHO grade 2 and
grade 3 tumors was borderline nonsignificant (P¼ .055,
chi-square test). No significant difference was seen
between WHO grade 1 and grade 2, grade 3, or grade 4
tumors, respectively (P> .05, chi-square test), most prob-
ably due to the low number (n¼ 6) of pilocytic astrocyto-
mas. No significant difference in RKIP expression
between WHO grade 3 and grade 4 gliomas was observed
(P> .05, chi-square test).

RKIP Expression Influences Survival

Lack of RKIP was associated with shorter overall survival
in all WHO grade 3 and grade 4 cases (P¼ .042, log-rank
test) (Figure 2). In multivariate analysis of survival (Cox
regression) including WHO grade, age, and RKIP expres-
sion, only age and RKIP status were independent prog-
nostic factors (Table 1). When investigating WHO grade

Table 1. Overall Survival of 126 Patients With Malignant Glioma

Factor P RR (95% CI)

Univariate
Analysis

Multivariate
Analysis

Regression model 1
Age, y <.001 <.001 1.04 (1.021-1.063)

RKIP expression .04 .01 0.59 (0.391-0.877)

WHO grade .008 >.05 —

Regression model 2
Age, y <.001 <.001 1.043 (1.021-1.065)

Combination RKIP1/pSTAT32 .003 <.001 0.359 (0.203-0.636)

WHO grade .008 >.05 —

RR indicates relative risk; CI, confidence interval; RKIP, Raf kinase inhibitory protein; WHO, World Health Organization;

pSTAT3, tyrosine-705 phosphorylated signal transducer and activator of transcription 3.

Figure 1. Specimens of 2 glioblastoma cases show (A) ab-
sence and (B) presence of RKIP expression (immunoperoxi-
dase stain). Scale bar¼25 lm.
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3 and grade 4 gliomas separately, lack of RKIP was of in-
dependent prognostic value only in WHO grade 4 cases
(P¼ .027, Cox regression). Age was an independent prog-
nostic factor in both WHO grade 3 and grade 4 glioma
cases.

STAT3-Negative and RKIP-Positive High-
Grade Gliomas Have the Best Overall Survival

Of grade 3 and 4 tumors, 26 cases had low to absent
pSTAT3 combined with expression of RKIP (RKIPþ/
pSTAT3�). When comparing survival between RKIPþ/
pSTAT3� and all other grade 3 and 4 cases, a significant
difference was found (P¼ .003, log rank test) (Figure 3).
The 2-year survival rate was 38% in the RKIPþ/
pSTAT3� group, whereas it was only 10% in the
RKIP�/pSTAT3þ group.

In multivariate analysis (Table 1) including tumor
grade and age, RKIPþ/pSTAT3� was the strongest inde-
pendent prognostic factor (P < .001, relative risk of
0.359, Cox regression). The combination of RKIPþ/
pSTAT3� was a stronger prognostic factor than RKIP
(relative risk of 0.556) or pSTAT3 (relative risk of 1.928,
reciprocal 0.518, as reported previously24) alone.

No Correlation Between RKIP Loss and STAT3
Phosphorylation

There was no direct or inverse statistical correlation
between RKIP expression and pSTAT3 (P > .05, Mann-
Whitney test). No direct or inverse correlation was found

Figure 2. The cumulative overall survival of 126 patients with
malignant glioma (WHO grade 3 and grade 4) with (A) ab-
sence versus (B) presence of RKIP expression is shown.

Figure 3. The cumulative overall survival of patients with (A) RKIPþ/pSTAT3� grade 4 gliomas versus (B) all other grade 4 gliomas
patients is shown.
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on the cellular level, either. When present, pSTAT3 was
detected in 5%-20% of the tumor cells, whereas RKIP
was either positive or negative in all tumor cells. RKIP
expression did not correlate with age (P > .05, Mann-
Whitney test).

DISCUSSION
This study shows that RKIP is a marker for good progno-
sis in high-grade glioma cases. Furthermore, we demon-
strate that RKIP and STAT3 have an additive effect on
the survival of high-grade glioma.

The tumor suppressor effect of RKIP is not surpris-
ing. Lack of RKIP expression is associated with poor sur-
vival in gastrointestinal stromal tumors,30 rectal cancer,31

and gastric cancer,32 and its expression has been shown to
inhibit metastasis in prostate and breast cancer.33,34 Lack
of RKIP has also been shown to promote invasiveness and
migration of breast cancer cells.35 In malignant melanoma
cells, lack of RKIP correlates with enhanced invasion and
progression of the disease.36 Furthermore, up-regulated
RKIP sensitizes cancer cells to drug-induced apoptosis37

and its loss induces radioresistance, most probably by pro-
tection against radiation-associated apoptosis.14

Tumor progression is a core characteristic of most
glial tumors.38 The current study shows that most low-
grade astrocytomas express RKIP, but half of glioblasto-
mas lack RKIP expression. These findings are compatible
with a role of RKIP down-regulation in glioma
progression.

The mechanism of tumor suppressor activity of
RKIP in high-grade glioma is unclear. Unlike most other
cancer types, the morbidity and mortality of malignant
glioma comes from local invasion rather than metastasis.
Thus, the effect of RKIP expression on survival in high-
grade glioma cases cannot be explained by suppression of
metastasis as in most epithelial tumors. Lack of RKIP,
however, might increase direct invasive growth of glioma
cells, or, as in prostate cancer cells,14 might influence the
response to radiotherapy.

A recent study shows that cytoplasmic RKIP expres-
sion in gastric adenocarcinoma of the intestinal subtype is
predictive for better survival, whereas total nuclear
STAT3 expression is associated with poor patient progno-
sis.32 In this collective, a statistically inverse association
between RKIP and STAT3 was observed.32 Although lack
of RKIP expression and pSTAT3 activation are independ-
ently predictive for poor outcome in glioblastoma
patients, we could not find a direct of inverse correlation

on a cellular or case level between these 2 markers. There-
fore, we hypothesize that RKIP and STAT3 are members
of 2 distinct signal transduction pathways that operate in
parallel. Their distinct expression patterns also suggest dif-
ferent ways of action. STAT3, which is active in a small
proportion of tumor cells, most likely operates in a cell-ex-
trinsic fashion, whereas the ubiquitously expressed RKIP
operates in a cell-intrinsic manner.

The tumor suppressor effect of RKIP is most likely
due to competitive disruption of the interaction between
Raf andMAPK, thus blocking the Ras/Raf/MAPK signal-
ing cascade.16 STAT3, however, is a downstream effector
of another signal transduction pathway involved in glio-
blastoma oncogenesis: the PI3K/Akt/mTOR pathway.
Recent reports have shown that PTEN/PI3K/mTOR-
induced STAT3 signaling is involved in fate choice of cen-
tral nervous system stem cells28 and maintenance of the
stem cell population in breast cancer.29 The expression
pattern of STAT3 is compatible with a role of active
STAT3 in maintaining the glioma tumor stem cell
population.

In conclusion, we provide the first human evidence
for an additive effect of 2 distinct signaling pathways in
high-grade glioma. Our results suggest that simultaneous
inhibition of multiple signal transduction cascades should
be considered a treatment strategy in these patients.
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