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Abstract: It is well recognized that peritumoral edema is vasogenic cerebral edema in malignant glioma, and vas-
cular endothelial growth factor (VEGF) induced by phosphorylated signal transducer and activator of transcription 
factor 3 (pSTAT3) strongly contributes to tumor angiogenesis in glioblastoma. However, there is no study with regard 
to the correlation between pSTAT3 or VEGF and peritumoral edema. Such evidence may contribute to providing 
new targets for the management of peritumoral cerebral. In this study, newly diagnosed glioblastoma tissues from 
84 patients were collected to investigate pSTAT3 and VEGF expression by immunohistochemistry, and peritumoral 
edema was detected by preoperative magnetic resonance imaging. We found that a significantly positive correlation 
emerged between VEGF and pSTAT3 expression (P = 0.000) in glioblastoma tissues, but they were not related to 
patient gender and age (P > 0.05); the expression of pSTAT3 and VEGF were associated with peritumoral edema 
extent (P = 0.005), but not with edema shape (P > 0.05). Therefore, the pSTAT3-VEGF signaling pathway, which is 
correlated with peritumoral edema extent, might be a regulatory mechanism in the course of peritumoral edema 
formation during glioblastoma tumorigenesis and progression, thereby suggesting that STAT3 inhibition might be 
helpful for alleviation of peritumoral cerebral edema.

Keywords: Glioblastoma, peritumoral edema, signal transducer and activator of transcription factor 3, phosphory-
lation, vascular endothelial growth factor

Introduction

Glioblastoma multiforme (GBM), the most fre-
quent primary malignant glioma in adults, exhi- 
bits a poor prognosis with a median overall sur-
vival rate of 9.4 to 19.0 months despite taking 
radiotherapy plus temozolomide postoperative-
ly [1]. Peritumoral edema (PTE), a main biologi-
cal behavior characteristic of malignant glioma, 
is one of significant contributors to mortality in 
glioblastoma patients [2]. PTE not only influ-
ences cognitive function in patients with GBM 
[3], but also may serve as a predictor of poor 
prognosis [4-6]. Therefore, clarifying the molec-
ular mechanism associated with the evolution 
of PTE is clearly necessary.

Several studies have showed that high expres-
sion of vascular endothelial growth factor 
(VEGF) is the pivotal molecular event of peritu-

moral edema in glioma [7, 8]. VEGF is able to 
not only increase the formation of cleft and 
fenestra between vascular endothelial cells 
through down-regulating the expression of tight 
junction proteins, such as occludin, ZO-1, etc. 
[9], but also promote the vesiculo-vacuolar 
organelles formation within endothelium [8, 
10], all of which may contribute to the increase 
of vascular permeability, thereby leading to 
PTE.

Signal transducer and activator of transcription 
factor 3 (STAT3), which is aberrantly phosphory-
lated at tyrosine (Tyr) residue 705 in human 
glioblastoma [11, 12], is associated with a vari-
ety of biological behavior of glioma cells. 
Phosphorylated STAT3 (pSTAT3) not only invol- 
ves in glioma cell proliferation, anti-apoptosis 
and immunosuppression, but also is a pivotal 
driver of glioma cell migration and invasion [13-
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17]. Moreover, pSTAT3, a molecular hub for sig-
nal transduction pathways in glioma [18], is 
able to regulate the activity of VEGF promoter 
and induce VEGF transcription [19, 20], thereby 
playing an important role in glioblastoma neo-
angiogenesis [20, 21]. And it is well recognized 
that PTE is vasogenic cerebral edema in malig-
nant glioma. Thus, we speculate that pSTAT3-
VEGF signaling pathway might be a significant 
molecular mechanism contributing to the for-
mation of PTE in GBM. Currently there is no 
relative study on this subject. Such evidence 
might contribute to providing new targets for 
the management of PTE. In the present study, 
the expression of pSTAT3 and VEGF in the spec-
imens of GBM were detected using immunohis-
tochemistry technique, we focused our analysis 
on the relationship of pSTAT3-VEGF signaling 
pathway with peritumoral edema in GBM patien- 
ts.

Materials and methods

Study samples

In this retrospective study, 84 patients with 
newly diagnosed GBM were selected who had 

undergone surgical resection in the Department 
of Neurosurgery, the First Affiliated Hospital of 
Fujian Medical University from March 2007 to 
October 2013. The inclusion criteria were as 
follows: (1) newly diagnosed glioblastoma, the 
pathologic diagnosis was reaffirmed according 
to the principles of WHO classification of tumors 
of the central nervous system [22]; (2) preop-
erative magnetic resonance imaging (MRI) data 
were available for the assessment of PTE; (3) 
tumor resection specimens were available for 
immunohistochemical assay. This study was 
approved by the Ethics Committee of Fujian 
Medical University and conformed to the prin-
ciples of the Helsinki convention. Informed con-
sent was provided by each patient.

Peritumoral edema

Preoperative MRI data, including T1-w, T2-w, 
and contrast-enhanced T1-w sequences, were 
obtained from each patient. All MRI scans were 
analyzed by two investigators who blinded to 
the pathological diagnosis and the results of 
pSTAT3 or VEGF staining. A region of very bright 
T2-w signal and low T1-w signal without enhan- 
cement around the tumor was determined as 

Figure 1. T2-w (A-D) and contrast-enhanced T1-w (E-H) MR images showing peritumoral edema in patients with 
GBM. (A, E) Show tumors with edema grade 1 (edema extending ≤ 2 cm from the tumor margin); (B, F) Show edema 
grade 2 (edema extending > 2 cm from the tumor margin); (C, G) Show the roundish shape of edema (shape is not 
radial and similar to round); (D, H) Show the irregular shape of edema (radial shape or finger-like shape). Arrows 
mark the edema around tumors.
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PTE. The extent and shape of PTE were deter-
mined on axial T2-w MRI sequences. Sagittal or 
coronal images were applied for edema deter-
mination when edema extent was larger in the 
sagittal or coronal direction than in the axial 
direction [23]. Edema extent was evaluated 
according to the maximum distance between 
the outer edge of edema and the nearest point 
of tumor margin and graded according to a pre-
vious study [24]: edema extending ≤ 2 cm from 
the tumor margin was determined as grade 1 
(Figure 1A and 1E), and edema extending more 
than 2 cm beyond the tumor margin was deter-
mined as grade 2 (Figure 1B and 1F). Edema 
shape was classified as follows [25]: roundish 
(Figure 1C and 1G): the shape of edema is not 
radial and similar to round; irregular (Figure 1D 
and 1H): edema shape tends to be irregular, 
such as radial shape or finger-like shape.

Immunohistochemistry

Tumor tissues, which were available from pa- 
tients during surgical resection, were fixed in 
formaldehyde and embedded by paraffin for 
immunohistochemistry. Briefly, Paraffin-embe- 
ded tissues were cut into 4-µm-thick slices. 
These pathological sections were dewaxed by 
treatment in xylene and rehydrated in a graded 
ethanol series. Then, the antigen retrieval was 
performed in ethylenediamine tetraacetic acid 

(pH 9.0) for 20 min in a boiling water bath. The 
endogenous peroxidase became inactivated 
after incubation with methanol containing 3% 
hydrogen peroxide for 10 minutes. The speci-
mens were then exposed for 1 hour at room 
temperature to the following antibodies, 
respectively: against phosphorylated(p)-STAT3 
(Tyr705, D3A7, rabbit monoclonal antibody, Cell 
Signaling Technology, USA) diluted 1:100; anti-
VEGF (MAB-0234, mouse anti-human VEGF 
monoclonal antibody, Maixin-Bio, China). Next, 
according to the manufacturer’s instruction, 
the sections were incubated with polyperoxi-
dase-anti-rabbit/mouse IgG (ZSGB-BIO, China) 
for 30 min. Peroxidase activity was developed 
using diaminobenzidine detection kit (ZSGB-
BIO, China). Sections were counterstained with 
hematoxylin. According to the manufacturer’s 
instruction, human lung carcinoma tissue and 
human breast carcinoma tissue were per-
formed as positive control for pSTAT3 and 
VEGF, respectively. Phosphate buffer solution 
(0.01 M, pH 7.2) acted as primary antibody was 
served as negative control.

Assessment of outcomes

Positive expression of VEGF was determined 
when brown staining appeared in the cyto-
plasm of tumor cells. Positive pSTAT3 was con-
sidered when brown staining appeared in the 

Figure 2. Immunohistochemical staining showing the expression of pSTAT3 (A-C) and VEGF (D-F) in GBM tissues. (A, 
B) Show low and high pSTAT3 expression, respectively; (D, E) Show low and high VEGF expression, respectively. Im-
munostaining is also seen in neovascular endothelial cells. (C, F) Show pSTAT3 and VEGF expression, respectively. 
Original magnification: × 400.
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nucleus. In each case, the proportion of VEGF 
positive tumor cells was determined by assess-
ing the randomized five visual fields under high 
power lens; the percentage of pSTAT3 positive 
tumor cells was calculated through evaluating 
the high power field with a highest density of 
stained tumor cells [12]. For statistical analy-
sis, according to a previous study [26] the 
median of the proportion of positive expression 
was served as the cut-off point for data group-
ing: the positive expression rates which were 
less than the median were defined as low 
expression, and the positive rates which were 
greater than or equal to the median was defined 
as high expression. Two neuropathologists 
(X.F.W., Y.P.C.) blinded to patient clinical data 
analyzed each section independently.

Statistical methods

SPSS 19.0 statistical software was applied to 
analyze the data. Association of p-STAT3 with 
VEGF expression and correlations between 
p-STAT3 or VEGF expression and either patient 
gender or age were tested using non-paramet-

age at diagnosis was 54 years. The expression 
of pSTAT3 (Figure 2A and 2B) and VEGF (Figure 
2D and 2E) in neoplastic cells were highly vari-
able in GBM specimens. The range of VEGF-
positive expression was 12% to 95%, with a 
median of 65%; pSTAT3 expression ranged 
from 0 to 78%, with a median of 20%. In addi-
tion to neoplastic cells, immunoreactivity was 
also observed in some of the neovascular 
endothelial cells (Figure 2C and 2F). In some 
specimens, VEGF-positive neurons were found 
as well.

Expression of pSTAT3 and VEGF had positive 
correlation in glioblastoma tissues

It was concluded that a significant positive  
correlation emerged between VEGF expres- 
sion and pSTAT3 expression in glioblastoma 
(Spearman, r = 0.590, P = 0.000), the expres-
sion level of VEGF and pSTAT3 were not related 
to patient gender (Mann-Whitney U test, P > 
0.05), as well as age (Spearman, P > 0.05) 
(Table 1).

Table 1. Correlations of pSTAT3, VEGF expression with patient gender or 
age

Variables n
pSTAT3 expression VEGF expression

Median (%) Rang (%) P value Median (%) Rang (%) P value
Total 84 20 0-78 65 12-95
Gender
    Male 51 20 0-78 0.246 66 12-95 0.132
    Female 33 17 0-64 48 16-94
Age 84 54 18-79 0.903 54 18-79 0.582

Table 2. Relationships between PTE and VEGF expression, pSTAT3 expres-
sion, gender or age

Group n
Edema extent Edema shape

Grade 1 Grade 2 P value Roundish Irregular P value
VEGF
    Low expression 45 32 13 0.005 11 34 0.668
    High expression 39 16 23 8 31
Pstat3
    Low expression 43 30 13 0.017 10 33 0.886
    High expression 41 18 23 9 32
Gender 
    Male 51 31 20 0.402 13 38 0.434
    Female 33 17 16 6 27
Age 
    < 55 years 43 26 17 0.529 9 34 0.705
    ≥ 55 years 41 22 19 10 31

ric tests (Spearman’s 
rank correlation coef-
ficient and Mann-Whi-
tney U test, as appro-
priate). Chi-square te- 
st was adopted to a- 
nalyze the relation-
ships between PTE 
and p-STAT3, VEGF ex- 
pression, patient gen-
der or age. Statistical 
significance was de- 
termined as the level 
of P value < 0.05 (two- 
tailed).

Results

Clinical data and ex-
pression of pSTAT3, 
VEGF

Out of 84 cases, 33 
patients (39.3%) we- 
re female and 51 
(60.7%) were male, 
sex ratio was 1.54:1; 
43 patients (51.2%) 
were < 55 years and 
42 (48.8%) were ≥ 55 
years, the median 
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Correlations of VEGF, pSTAT3 expression with 
peritumoral edema

Among the group of the low expression of VEGF, 
edema extent tended to be grade 1 (32/45), 
whereas in 39 high expressed VEGF cases, 23 
cases of edema extent exhibited grade 2. Thus, 
it could be seen that a positive correlation 
existed between VEGF expression and PTE 
extent in glioblastoma (Chi-square test, P = 
0.005). A similar result was observed for pST- 
AT3 protein (Chi-square test, P = 0.017). Among 
43 cases of the low expression of pSTAT3, only 
13 cases of edema extent showed grade 2, and 
when pSTAT3 protein was highly expressed, 
edema extent tended to be grade 2 (23/41). 
Additionally, no significant difference was 
observed between edema extent and patient 
gender or age (Chi-square test, P > 0.05). When 
the groups between the roundish shape and 
irregular shape of edema were compared, how-
ever, we found that edema shape did not cor-
relate with either VEGF or p-STAT3 expression, 
as well as patient gender or age (Table 2).

Discussion

Peritumoral edema, a frequently encountered 
phenomenon, affects the clinical outcome in 
patients with glioblastoma [6]. Only after a bet-
ter understanding of the molecular mechanism 
could an apparent improvement in the clinical 
management of PTE be achieved. Here, we 
demonstrate that pSTAT3 and VEGF expression 
have positive correlation in GBM, and PTE 
extent shown by MRI is positively associated 
with the expression of pSTAT3 and VEGF. These 
observations suggest that the two molecules - 
pSTAT3-VEGF signaling pathway, may play a rel-
evant role in the course of peritumoral edema 
formation during GBM tumorigenesis.

The statistical results show that the expression 
of pSTAT3 is closely associated with VEGF 
expression, which is in accordance with a 
recent research [26]. Indeed, constitutively 
activated STAT3 in GBM is an upstream signal-
ing molecule for VEGF expression, which con-
tributes to tumor angiogenesis. By binding to 
STAT3-binding element (SBE) in the promoter of 
target genes, pSTAT3 regulates the transcrip-
tion of a wide range of genes involved in angio-
genesis, mainly including the potent pro-angio-
genesis factor - VEGF [27]. A previous study 
using chromatin immunoprecipitation assay 

has showed that activated STAT3 directly binds 
to the VEGF promoter in vivo [28], leading to the 
upregulation of VEGF expression and tumor 
angiogenesis. Moreover, several reports reveal 
that for a maximum transcriptional level of the 
VEGF, the simultaneous binding of both pSTAT3 
and other transcription factors (such as HIF-1) 
to the VEGF promoter is required [29, 30], indi-
cating that pSTAT3 could enhance the tran-
scription level of VEGF in the condition of hypox-
ia. Additionally, in the context of a SBE-free 
promoter, the transcription of VEGF could be 
triggered via the interaction of pSTAT3 with Sp1 
in GBM [19], thereby validating pSTAT3 as an 
important mediator of VEGF expression. Fur- 
thermore, STAT3 knockdown in malignant glio-
ma cells results in the downregulation of VEGF 
transcription [31], further providing evidence 
that aberrant pSTAT3 may directly contribute to 
VEGF overexpression.

Generally, PTE related to the blood-brain barri-
er disturbance and the extent of neovascular-
ization is considered to be vasogenic cerebral 
edema in malignant glioma. It is well recognized 
that neovascularization is a major pathological 
hallmark of GBM. Compared to normal blood-
brain barrier, there exist neovascular endothe-
lial cells dysfunction and the disruptions of 
tight junction proteins induced by VEGF in 
malignant glioma [8-10], all of which contribute 
to the increase of vascular permeability, there-
by leading to the formation of PTE. A recent 
study demonstrates that a positive correlation 
between pSTAT3 or VEGF expression with 
microvascular density [26]. Moreover, it is via 
STAT3 signaling that VEGF induced by pSTAT3 
facilitate endothelial cell survival, proliferation, 
migration, as well as microvascular tube forma-
tion in the course of tumor angiogenesis [27]. 
In the present study, we demonstrate that PTE 
extent is positively associated with pSTAT3 and 
VEGF expression. These findings suggest that 
pSTAT3-VEGF signaling pathway which contrib-
utes to the neovascularization of malignant gli-
oma plays an important role in the evolution of 
peritumoral edema and might be a regulatory 
mechanism in the formation of peritumoral 
edema during GBM tumorigenesis.

It has previously been thought that PTE would 
be conducive to the spread of glioma cells, thus 
promoting tumor invasion [32]. Nevertheless, 
anti-VEGF antibody treatment of glioblastoma 
might lead to a wide invasion of tumor cell, 
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although it could alleviate cerebral edema in 
clinical practice [33, 34]. This phenomenon 
prompts us that PTE which is mainly mediated 
by VEGF might be an accompanying phenome-
non of tumor invasion, and VEGF might be as a 
downstream molecular event of invasion-relat-
ed signaling pathways regulated by glioma ce- 
lls. Indeed, VEGF is a downstream signaling 
molecule of pSTAT3, which might be used as a 
significant molecule reflecting the invasion of 
glioma cells. Several studies have showed that 
pSTAT3 is not only able to up-regulate the expre- 
ssion of pro-invasive molecules to degrade the 
extracellular matrix, such as metalloproteas-
es-2 and metalloproteases-9 [13, 35], but also 
could modulate actomyosin activity within glio-
ma cell leading to promotion of tumor cell motil-
ity [36], thereby enhancing the migration capac-
ity of glioma cell and promoting tumor invasion 
[13, 17]. In our study, we demonstrate that 
pSTAT3-VEGF signaling molecules are related 
with peritumoral edema. Therefore, we specu-
late that pSTAT3-VEGF signaling pathway might 
be a significant molecular mechanism of glio-
ma cell invasion accompanied by the formation 
of peritumoral edema, and the use of STAT3 
inhibitors might suppress tumor angiogenesis 
and invasion, as well as alleviate peritumoral 
cerebral edema. To understand the exact rela-
tionships among pSTAT3-VEGF pathway, PTE 
and tumor invasion, the nature of pSTAT3-VEGF 
signaling pathway shall be investigated in fur-
ther studies.

Nevertheless, some studies have revealed no 
significant correlation in glioma between VEGF 
expression and PTE [37, 38]. The different 
result is probably due to the different cases 
studied, the quantitative criterion of PTE, the 
detection method of VEGF, and the way groups 
were formed. Another possible explanation for 
the discrepancy might be that there exist other 
factors causing PTE, in addition to VEGF-inde- 
pendent pathway. Additionally, we should ack- 
nowledge that there are many limitations in our 
retrospective study. Thus, random-designed 
and prospective researches are preferable in 
the future study in order to avoid bias.

In conclusion, this is the first study to confirm 
that PTE extent in GBM is positively associated 
with the expression of pSTAT3 and VEGF, and to 
validate the positive correlation between pST- 
AT3 and VEGF expression in these patients. Our 
study provides evidence that the pSTAT3-VEGF 

signaling pathway may serve as a regulatory 
mechanism of PTE in glioblastoma tumorigen-
esis and progression, indicating that STAT3 
inhibition might be helpful for alleviation of peri-
tumoral cerebral edema.
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