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STAT3 serine 727 phosphorylation influences clinical
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Abstract: Besides STAT3 tyrosine 705 phosphorylation (pTyr705-STAT3), phosphorylation of STAT3 at serine 727
(pSer727-STAT3) is shown to contribute to tumorigenesis and be closely related with resistance to radiotherapy and
chemotherapy in glioma, but there is currently no study regarding its relevance to prognosis in glioblastoma (GBM).
Here, the expression of phosphorylated STAT3 was detected in tumor specimens from 88 patients with newly diag-
nosed GBM by immunohistochemistry, the Kaplan-Meier survival curve and COX proportional hazards regression
model were applied to estimate its influences on progression-free survival (PFS) and overall survival (OS). Immu-
nohistochemical assay showed elevated expression of pSer727-STAT3 in GBM compared with normal brain tissue.
Univariate analysis indicated significant correlations of high percentage of pSer727-STAT3 positive tumor cells with
shorter PFS (P = 0.006) and OS (P = 0.002). In multivariate analysis, high pSer727-STAT3 expression was dem-
onstrated as an independent unfavorable prognostic indicator for PFS (HR 1.830, P = 0.022) and OS (HR 1.797,
P = 0.040). And patients with high expression of both pTyr705-STAT3 and pSer727-STAT3 had a poorer prognosis
compared with the remainder (P < 0.005). In conclusion, the high proportion of pSer727-STAT3 positive neoplastic
cells in GBM is an independent unfavorable prognostic factor, and increased expression of both pTyr705-STAT3 and
pSer727-STAT3 is predictive of poorer clinical outcome, thereby adding to the growing evidence that STAT3 inhibition
may be a potential therapeutic strategy in glioblastoma.
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Introduction

Glioblastoma (GBM) represents the most agg-
ressive and frequent type of malignant glioma
with a dismal clinical outcome. Given the
molecular hub for multiple oncogenic signaling
pathways-signal transducers and activators of
transcription factor 3 (STAT3), it’s not surprising
that a growing body of research has been cen-
tered on the oncogenic function of aberrant
STAT3 activation in glioma in recent years.

It is well recognized that STAT3, acting as a
cytoplasmic signaling molecule, is activated via
phosphorylation at tyrosine 705 (pTyr705) in
response to diverse stimuli. Then, after dimer-
ization, pTyr705-STAT3 translocates to the cell
nucleus and binds to specific DNA response
elements, thereby activating the transcription
of target genes. Under normal conditions, the

activation of STAT3 is tightly controlled and usu-
ally last transitorily [1]. Compared with normal
brain tissue, the expression of pTyr705-STAT3 is
elevated and affects clinical outcome in pati-
ents with GBM [2].

In addition to tyrosine 705, STAT3 protein can
also be phosphorylated at another site-serine
727 (pSer727). It has been reported that pSe-
r727-STAT3 is required for the maximal tran-
scriptional activity of STAT3 [3, 4]. Moreover,
phosphorylation of STAT3 at serine 727 may
induce STAT3 activation independent of pTy-
r705, thereby driving tumorigenesis [5]. A grow-
ing body of evidence suggests that the constitu-
tive phosphorylation of STAT3 at serine 727 is
observed in various types of human cancer and
is essential for tumor cell survival, growth and
invasion (including glioma) [6-8], whereas
blocking serine 727 phosphorylation impairs
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Figure 1. Immunohistochemical staining showing low (A) and high (B) expression of pSer727-STAT3 in glioblastoma
tissues. Positive staining is also observed in endothelial cells of some vessels (C). Original magnification: x400.

the tumorigenic capacity of STAT3 [5]. A recent
result shows that pSer727-STAT3 mediates the
effects of NOTCH signaling pathway which plays
a key role in glioma carcinogenesis and devel-
opment [9]. Furthermore, STAT3 is constitutive-
ly activated through phosphorylation preferen-
tially at serine 727 in glioblastoma stem cells,
and self-renewal of these cells depends upon
the presence of STAT3 for their maintenance
[10].

Nevertheless, some studies indicate that ser-
ine 727 phosphorylation negatively modulates
the transcriptional activity of STAT3 through
affecting its tyrosine phosphorylation and its
binding to the promoter of target gene [11-13],
thus suggesting that pSer727-STAT3 may har-
bor a tumor-suppressive function. One possible
interpretation for these discrepancies could be
the role of pSer727-STAT3 might depend on the
cell context or the corresponding stimuli.

Given the controversial role of pSer727-STAT3,
it would be interesting to elucidate its relation-
ship with survival in patients with GBM, because
such data could provide indirect evidence:
whether or not to inhibit STAT3 would translate
into clinical benefits to these patients. But so
far there is no relevant study on that topic. The
aim of this study was to detect the expression
of phosphorylated STAT3 (especially serine 727
phosphorylation) in GBM tissues and further
investigate its prognosis value.

Materials and methods
Patient description

This study was approved by the Ethics Com-
mittee of Fujian Medical University and con-
formed to the principles outlined in the Helsinki
Declaration, each patient enrolled in the study
had signed informed consent. In this retrospec-
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tive study, tumor specimens were obtained
from 88 patients with newly diagnosed supra-
tentorial glioblastoma who underwent surgery
in the First Affiliated Hospital of Fujian Medical
University between May 2007 and August
2013. Fifty-three patients (60.2%) were male
and thirty-five patients (39.8%) were female.
The age at diagnosis ranged from 26 to 79
years (median age 56 years). Preoperative
Karnofsky Performance Status (KPS) scores of
patients ranged from 60 to 90 (median KPS
70). Postoperatively, radiotherapy of the con-
trast-enhanced lesion plus the area of peritu-
moral edema and a 2-cm-margin shown by
magnetic resonance imaging was performed in
2-4 weeks after surgical resection. A total dose
of 60 Gy was delivered in 30 fractions with con-
comitant chemotherapy (temozolomide, at a
dose of 75 mg/M?/day). Temozolomide was app-
lied in chemotherapy and was administered at
a dose of 150-200 mg/M?/day for 4-6 cycles in
the absence of irreversible blood toxicity, poor
general conditions or death. Thirty-two patients
treated with standard adjuvant chemoradio-
therapy (radiotherapy plus chemotherapy), fifty-
six received nonstandard chemoradiotherapy
(including patients with radiotherapy or chemo-
therapy alone and patients without chemora-
diotherapy). Tumor progression during the fol-
low-up period was estimated according to the
protocol of Wen and Macdonald [14]. All pa-
tients died from glioma-related causes.

Immunohistochemical assays

Immunostaining was performed on 4-um-thick
sections of formalin-fixed and paraffin-embed-
ded tumor specimens by the 2-step peroxidase
conjugated polymer detection system. Briefly,
the sections were dewaxed by treatment in
xylene and rehydrated by treatment in a graded
ethanol series. Next, for the antigen retrieval of
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Table 1. Correlations of pSer727-STAT3 with clinical vari-
ables and pTyr705-STAT3 expression

pSer727-STAT3 expression

Variables :
Median (%) Rang (%) P-value
Gender
Male 53 9 0-59 0.109°
Female 35 5 0-42
KPS
<70 46 8.5 0-59 0.251#
>70 42 5 0-57
Age 0.735°
(r=0.037)
pTyr705-STAT3 expression 0.000°
(r=0.592)

aResults Mann-Whitney U test. "Results Spearman’s correlation coefficient.

plastic cells in each sample, and
the rate of positive expression in
tumor cells was graded as previ-
ously described [2, 15]: No posi-
tive expression and the positive
expression rates which were <
5% were determined as low
expression, > 5% of stained neo-
plastic cells were considered as
high expression. Immunohisto-
chemical assessment was per-
formed independently by two
neuropathologists (Y.P.C., X.F.W.)
without knowledge of patient cli-
nical data.

pSer727-STAT3, these sections were auto-
claved in citrate buffer (pH 6.0) for 2.5 min; for
pTyr705-STAT3, the antigen retrieval was done
in ethylenediamine tetraacetic acid (EDTA, pH
9.0) for 20 min in a boiling water bath. The
activity of endogenous peroxidase was que-
nched after incubation with methanol contain-
ing 3% hydrogen peroxide for 10 minutes. For
immunohistochemical detection, according to
the manufacturer’s instruction, the specimens
were incubated at room temperature for 1 h
with the following antibodies, respectively:
phpspho(p)-STAT3 (serine 727, Santa Cruz,
USA) at a dilution of 1:100; phpspho(p)-STAT3
(tyrosine 705, D3A7, Cell Signaling Technology,
USA) at a dilution of 1:100. Then, the speci-
mens were exposed to polyperoxidase-anti-rab-
bit/mouse I1gG (ZSGB-BIO, China) for 30 min,
and diaminobenzidine detection kit (ZSGB-BIO,
China) was used to develop peroxidase activity.
Hematoxylin was used to counterstain the sec-
tions. Phosphate buffer solution (PBS, 0.01 M,
pH 7.2) instead of the primary antibodies was
applied to negative control slides. And accord-
ing to the manufacturer’s instruction, positive
control was performed using human breast car-
cinoma tissue and human lung carcinoma tis-
sue for pSer727-STAT3 and pTyr705-STAT3,
respectively.

Evaluation

Positive pSer727-STAT3 or pTyr705-STAT3 expr-
ession was considered when brown granules
appeared in the nucleus of neoplastic cells.
The high-power fields (x400) with the highest
density of stained neoplastic cells was evalu-
ated in order to determine the proportion of
pSer727-STAT3 or pTyr705-STAT3 positive neo-
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Statistical methods

All the cases were followed up either by outpa-
tient visit or telephone calling. Progression-free
survival (PFS) was calculated according to the
time (days) between surgery and first tumor
progression (or death, or the latest follow-up).
The period of time (days) between the date of
surgical resection and death (or the latest fol-
low-up) was determined as overall survival (OS).
For statistical analyses, all calculations were
performed using SPSS 19.0 statistical soft-
ware. Correlation of pSer727-STAT3 with pTy-
r705-STAT3 expression and associations of
pSer727-STAT3 expression with clinical vari-
ables (gender, age and KPS) were analyzed by
non-parametric tests (Mann-Whitney U test and
Spearman’s rank correlation, as appropriate).
In univariate analysis, the associations of pSe-
r727-STAT3 expression with PFS or OS were cal-
culated using log-rank tests and displayed as
Kaplan-Meier survival curves. COX proportional
hazards model and stepwise regression analy-
sis were applied to evaluate the influences of
pSer727-STAT3 expression on PFS or OS in mul-
tivariate analysis, hazard ratios (HR) and the
95% confidence intervals (Cl) were also com-
puted. All results with a two-tailed P value less
than 0.05 were considered as statistical
significance.

Results

pSer727-STAT3 expression in glioblastoma
tissues

Among 88 ¢glioblastoma tissues, pSer727-
STAT3 expression which mainly localized in the
nucleus of neoplastic cells was detected in 62
(70.5%) cases; low expression of pSer727-
STAT3 (Figure 1A) was 38 (43.2%) cases and
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Table 2. Univariate analysis and Multivariate analysis showing variables related to PFS in entire

cohort
. Univariate analysis (PFS, days) Multivariate analysis
Variables -
Median 95% Cl P-value HR 95% Cl P-value
Gender
Male 53 216 170-262 0.580 NS
Female 35 246 185-307
Age
<55 years 44 223 141-325 0.085 NS
> b5 years 44 225 176-274
KPS
<70 46 188 145-231 0.003 0.531 0.318-0.886 0.015
>70 42 275 199-351
Chemoradiotherapy
Nonstandard 56 188 157-219 0.007 0.544 0.320-0.922 0.024
Standard 32 336 274-398
pSer727-STAT3
Low expression 38 331 246-416 0.006 1.830 1.090-3.074 0.022
High expression 50 186 149-224

NS: no significance.

Table 3. Univariate analysis and Multivariate analysis showing variables associated with OS in entire

cohort
. Univariate analysis (OS, days) Multivariate analysis
Variables -
Median 95% Cl P-value HR 95% ClI P-value
Gender
Male 53 331 230-432 0.837 NS
Female 35 334 253-425
Age
<55 years 44 382 178-584 0.067 NS
> 55 years 44 330 260-400
KPS
<70 46 269 198-338 0.001 0.447 0.225-0.783 0.005
>70 42 398 349-447
Chemoradiotherapy
Nonstandard 56 218 156-280 0.000 0.336 0.187-0.606 0.000
Standard 32 549 370-728
pSer727-STAT3
Low expression 38 401 291-511 0.002 1.797 1.028-3.142 0.040
High expression 50 201 171-263

NS: no significance.

high expression (Figure 1B) was 50 (56.8%)
cases. Positive expression of pSer727-STAT3
was found in endothelial cells of some vessels
(Figure 1C) as well, in addition to tumor cells. In
some specimens, immunoreactivity was obse-
rved in the cytoplasm of tumor cells. No posi-
tive staining of normal brain tissue adjacent to
tumor was observed.
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Correlations of pSer727-STAT3 expression with
clinicopathological characteristics

To evaluate whether clinical characteristics wo-
uld affect pSer727-STAT3 expression in glio-
blastoma, the relationships of pSer727-STAT3
expression with patient gender, age and preop-
erative KPS were analyzed. It was regretful that
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no statistically significant association was fo-
und between them in this study (Table 1).

Association between pSer727-STAT3 and
pTyr705-STAT3 expression

The expression of pSer727-STAT3 and pTyr705-
STAT3 in tumor cells exhibited considerable
variability among GBM. In 88 cases, the per-
centage of pSer727-STAT3 positive neoplastic
cells ranged from O to 59%, with a median of
8%, and the range of pTyr705-STAT3 expression
was 0-78% (median 19%). A statistically signifi-
cant positive correlation emerged among pSe-
r727-STAT3 and pTyr705-STAT3 expression in
glioblastoma (r = 0.592, P = 0.000) (Table 1).

pSer727-STAT3 expression and patient prog-
nosis

During the follow-up period, 67 of the 88
patients with GBM (76.1%) showed tumor pro-
gression and 61 patients (69.3%) died. Follow-
up showed that the median PFS time was 233
days (95% CI 183-283) and the median OS
time was 334 days (95% Cl 288-380) in the
entire cohort. In univariate survival analysis
(Tables 2 and 3), high percentage of pSer727-
STAT3 positive neoplastic cells was shown to
be significantly associated with a dismal PFS (P
=0.006) (Figure 2A) and OS (P = 0.002) (Figure
2B) of patients with GBM. The median PFS time
for patients whose tumor exhibited high expres-
sion of pSer727-STAT3 was 186 days compared
with 331 days for the remaining patients, and
the median OS time was 201 days for patients
highly expressing pSer727-STAT3 compared to
401 days for those displaying low expression.
In addition, other parameters adversely influ-
encing survival in the entire cohort included
preoperative poor KPS and postoperative non-
standard chemoradiotherapy (P < 0.05), but
patient gender and age were not related with
their clinical prognosis (P > 0.05).

In multivariate survival analysis (Tables 2 and
3), COX proportional hazards regression model
which was carried out on gender, age, KPS,
chemoradiotherapy and the expression level of
pSer727-STAT3 in GBM tissues showed that
high percentage of pSer727-STAT3 positive
neoplastic cells was a significant independent
unfavorable prognostic indicator for PFS (HR
1.830, P = 0.022) and OS (HR 1.797, P =
0.040); similar results were obtained for poor

3145

KPS and nonstandard chemoradiotherapy (P <
0.05), but not for patient gender and age.

Our previous study have already confirmed
pTyr705-STAT3 expression > 5% as an indepen-
dent unfavorable prognostic factor [2]. Thus,
we examined whether patients with two unfa-
vorable factors (both high pTyr705-STAT3 ex-
pression and high pSer727-STAT3 expression)
had a poorer prognosis compared with those
with one unfavorable factor (highly expressed
pTyr705-STAT3 or pSer727-STAT3). Out of 74
cases (excluding patients with lowly expressed
both pTyr705-STAT3 and pSer727-STAT3), 47
patients displayed two unfavorable factors and
27 displayed only one unfavorable factor. The
statistical results revealed that patients with
two unfavorable factors exhibited a shorter PFS
(P = 0.007) (Figure 3A) and 0S (P = 0.005)
(Figure 3B), compared to the remaining
patients. When adjusted for gender, age, KPS
and chemoradiotherapy and adjusted HR of
patients with one unfavorable factor was 1.0
(as a reference), the adjusted HR of patients
with two unfavorable factors was 2.405 (95%
Cl 1.319-4.384, P = 0.004) for PFS and 2.579
(95% Cl 1.373-4.847, P = 0.003) for OS.

Discussion

Even though enormous effort has been made
to optimize the multimodality treatment in
patient with glioblastoma, present therapeutic
approaches provide little improvement in clini-
cal outcome [16, 17]. Hence, the knowledge of
the signaling pathways that promote GBM
tumorigenesis and progression is crucial. Re-
cently, a considerable body of research has
been focused on STAT3 molecule- a signaling
node for carcinogenic pathways in glioma. Here
we confirm for the first time that high percent-
age of pSer727-STAT3 positive neoplastic cells
in GBM is an independent unfavorable predic-
tor of survival, thereby implying an oncogenic
capacity of STAT3 phosphorylation at serine
727 in glioblastoma.

Recent studies reveal that Ser727 phosphoryla-
tion of STAT3 play a significant role in tumori-
genesis in various human cancers. Phosph-
orylation at serine 727 is sufficient to activate
STAT3 independent of pTyr705, thus facilitating
prostate carcinogenesis [5]; and pSer727-
STAT3 confers full transcriptional activation of
cyclin D1 and is required for breast cancer

Int J Clin Exp Pathol 2014;7(6):3141-3149
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Figure 2. Kaplan-Meier survival curves showing a correlation of proportion of pSer727-STAT3 positive neoplastic
cells with progression-free survival (A) and overall survival (B) in 88 patients with glioblastoma.
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Figure 3. Kaplan-Meier survival curves of progression-free survival (A) and overall survival (B) in glioblastoma pa-
tients with both high pTyr705-STAT3 expression and high pSer727-STAT3 expression (a) and patients with highly
expressed pTyr705-STAT3 or pSer727-STAT3 (b).

growth [B]. It has been reported that in glioma study shows that pSer727-STAT3 is closely
pSer727-STAT3 contributes to the constitutive associated with temozolomide-resistance in
activation of STAT3 and is essential for cell glioma cells [18]. Furthermore, the significant
invasion [8]. Moreover, in glioblastoma stem decrease of STAT3 phosphorylation at serine
cells STAT3 is shown to be constitutively phos- 727 by Stattic (a STAT3 inhibitor) could impair
phorylated at serine 727 preferentially, and the the proliferation of glioblastoma stem cells and
apoptotic effects of NOTCH signaling pathway sensitize them to the inhibitory effect of temo-
blockade may be regulated through reducing zolomide with an obvious synergistic action
the level of pSer727-STAT3 [9, 10]. Recently a [10], indicating that pSer727-STAT3 might be
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essential for the maintenance of self-renewal in
glioblastoma stem cells which are highly resis-
tant to temozolomide and ionizing radiations
and could contribute to the cause of tumor
recurrence [19-22]. Consequently, all of which
have provided compelling evidence for the
important role of pSer727-STAT3 in carcinogen-
esis, thus determining pSer727-STAT3 as an
unfavorable prognostic factor of GBM.

Meanwhile, the statistical results show that
patients with both high pTyr705-STAT3 expres-
sion and high pSer727-STAT3 expression exhib-
it a poorer clinical outcome compared with the
remainder, suggesting that there might exist a
synergistic effect between tyrosine and serine
phosphorylation of STAT3. One possible expla-
nation is that it might be associated with the
regulation of STAT3 target genes involved in
tumor progression. Previous studies indicate
that pTyr705-STAT3 is required for the growth of
glioblastoma cells [23, 24], and serves as a piv-
otal driver of glioma angiogenesis, invasion and
immunosuppression through regulating the ex-
pression of its corresponding target genes [25-
27], thereby predicting a dismal prognosis [2].
Meanwhile, pSer727-STAT3 is necessary for the
maximal transcriptional activity of STAT3 [3, 4],
and serine 727 phosphorylation is sufficient to
activate STAT3 irrespective of tyrosine 705
phosphorylation [5]. Moreover, evidence shows
that cooperation of phosphorylation at both
serine and tyrosine residue contributes to full
activation of STAT3 [4]. Taken together, these
findings may explain that high expression of
both pTyr705-STAT3 and pSer727-STAT3 is pre-
dictive of poorer prognosis in GBM patients.

More interestingly, recently pSer727-STAT3 has
been reported to possess another function in
addition to the role of modulating transcription-
al activation. A pool of pSer727-STAT3 in mito-
chondria controls cellular respiration and sup-
ports altered oxidative phosphorylation acti-
vities characteristic of tumor cells, thereby reg-
ulating the metabolic shift important for tumor
growth and sustaining Ras-dependent malig-
nant transformation [28, 29]. Furthermore, mi-
tochondrial localized STAT3 contributes to tu-
morigenesis via phosphorylation of serine 727
[30]. In the present study, in some cases
pSer727-STAT3 staining is also seen in the cyto-
plasm of tumor cells in accordance with a
recent research [10], indicating that it is possi-
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ble that in glioblastoma there is a similar mech-
anism for pSer727-STAT3-mediated tumorigen-
esis. Additionally, our results show that no
significant associations are observed between
the expression of pSer727-STAT3 and patient
gender, age and preoperative performance sta-
tus, suggesting that gender, age and KPS might
not affect the expression of pSer727-STAT3 in
glioblastoma.

To better understand the role of phosphoryla-
tion of STAT3 at serine 727 in glioblastoma
pathogenesis, further studies focusing on
investigating the nature of pSer727-STAT3 posi-
tive tumor cells are essential, especially the
further insight into the regulatory mechanism
of pSer727-STAT3 in glioblastoma stem cells.

In conclusion, this is the first study to demon-
strate that the high percentage of pSer727-
STAT3 positive neoplastic cells in GBM is an
independent prognostic indicator for dismal
clinical outcome, and increased expression of
both pTyr705-STAT3 and pSer727-STAT3 is pre-
dictive of poorer prognosis. These data add to
the growing evidence for the oncogenic role of
STAT3 phosphorylation in GBM, implying that
strategies centered upon the inhibition of
STAT3 activation might be helpful for those
patients.
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