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Abstract

Previously we reported that Stat3 is persistently activated in GBM tumours and derived cell lines.
Hypoxia, necrosis and neoangiogenesis are hallmarks of GBM. To unfold the contribution of
activated Stat3 to the growth of GBM, we generated human GBM cell line (U87)- derived stable
clones expressing a dominant negative mutant (DN)-Stat3 in a hypoxia-inducible manner, and
examined their tumour-forming potentials in immune-compromised mice. We found that the
parental and vector control cell-derived tumours grew steadily, whereas DN-Stat3-expressing
clone-derived tumours failed to grow beyond 2 mm of thickness in mouse flanks. This blockade of
tumour growth was associated with induction of tumour cell apoptosis and suppression of tumour
angiogenesis. Consistent with this, mice bearing orthotopically implanted DN-Stat3-expressing
clones survived significantly longer than the control mice. These data suggest that activated Stat3
is required for the growth of GBM, and that targeting Stat3 may intervene with the growth of
GBM.
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1. Introduction

Glioblastoma multiforme (GBM) is the most common and aggressive primary tumour of the
central nervous system, with a median survival of less than a year, despite the use of surgery,
radiotherapy and chemotherapy.1-2 Primary GBM develops de novo, whereas the secondary
GBM progresses from low-grade gliomas.134 Secondary GBM is associated with an
accumulation of molecular alterations that occur in the low-grade precursor, which include
overactivation of PDGFR, amplification of CDK4 and inactivation of p53, Rb, p16/ARF and
PTEN, along with an acquisition of gain-of-function mutation and amplification of the
EGFR gene.14 While deregulated EGFR signalling is detected in 45% of GBM, and loss-of-
function of p53, PTEN, p16 and ARF in 55%, 36%, 52% and 49% of GBM, respectively,>6
constitutively active Stat3 is persistent in 94% of GBM tumours and all GBM cell lines
examined.”9 Stat3 is expressed in latent form in all cell types, and is activated by the
phosphorylation of tyrosine’9% (which is often accompanied by phosphorylation of
serine’27) in cells stimulated with a variety of cytokines (IL-6, IL-11, LIF, OSM, CNTF and
CT-1) and growth factors (EGF, TGF-a, PDGF and HGF).10-12 |n GBM cells, Stat3
becomes activated through multiple, aberrantly activated signalling the expression of the
bel-2family genes including bel-2itself, bel-xand mel-1, resulting in the suppression of
spontaneous apoptosis.’2

GBM is pathologically distinct from the low-grade gliomas by virtue of its association with
necrosis and neo-angiogenesis. 1314 These findings, which are pathognomic of GBM,
indicate the presence of regional tumour hypoxia as a cardinal feature of the disease.3 The
growth of GBM, as well as other solid tumours beyond 2mm in diameter (or thickness),
requires new blood vessel formation for oxygen and nutrient supply.1>-17 During hypoxia,
the heterodimeric transcription factor HIF-1 or HIF-2 binds to hypoxia-responsive element
(HRE) located in the regulatory regions of hypoxia-responsive genes.18 In hypoxic GBM
cells, HRE-bound HIF-1, in cooperation with other transcription factors and/or
transcriptional co-activators, activates the transcription of genes encoding pro-angiogenic
factors such as VEGF and 1L-8.19 Activated Stat3 has recently been shown to cooperate with
HIF-1 in hypoxia- induced transcription of the VEGF gene in renal cell carcinoma. 29 Also,
constitutively active Stat3 is shown to induce angiogenesis in melanoma cell-derived
tumours grown in rodents.?!

We hypothesise that the expression of a dominant negative mutant Stat3 (DN-Stat3)22 in
hypoxic GBM cells will induce apoptosis, and thereby block Stat3-driven pro-tumourigenic
signalling required for the progression of the tumour growth. To test this hypothesis, we
used a hypoxia-inducible vector to express DN-Stat3 in the tumourigenic human GBM cell
line U87, and examined its tumour-forming potentials in immune-compromised nu/nu mice.
The expression of DN-Stat3 resulted in the dormancy of U87-derived tumours in mice by
reducing cell proliferation, promoting cell death (apoptosis and necrosis) and blocking neo-
angiogenesis which is likely mediated by the inhibition of VEGFtranscription in U87 cells.
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2. Materials and methods

2.1. Reagents

Anti-V5 (Invitrogen, R960-25), anti-V5-FITC (Invitrogen, R963-25), anti-B-actin (Santa
Cruz, SC-1615), anti-CD105 (BD Biosciences, 550546), anti-Ki-67 (DAKO, M724029),
anti-phospho- Stat3 (Cell Signalling, 9131) and anti-HIF-1a (Novus, NB100-449SS)
antibodies were used. TUNEL assay (ApopTag plus peroxidase in situ apoptosis) kit
(Chemicon, S7101) and CSA peroxidase kit (DAKO, K1500) were used on tumour sections.

2.2. Construction of DN-Stat3 expression vector

Human Stat3 cDNA obtained from Robert Arceci (Johns Hopkins, Baltimore, MD, USA)
was used as a template for site-directed mutagenesis to generate the DN-Stat3 construct,
using the Quick Change XL Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA, USA)
following the manufacturer’s instructions. The dominant negative mutation (tyrosinezgs to
phenylalanine)?2 was confirmed by nucleotide sequencing. DN-Stat3 was cloned into
pcDNA-V5/HisA, and subsequently, the V5/Hisx6 tag containing DN-Stat3 was cloned in
the Not I site of the hypoxia/hypoxia-inducible factor-responsive expression vector pBI-V6L
that contains six tandem repeats of hypoxia response element (HRE) derived from the
human VEGF promoter.23 The HRE repeats were located upstream of two minimal CMV
promoters driving the transcription in both the left and right orientations.23

2.3. Cell culture and transfection

Human embryonic kidney cell line 293T and U87 cells were grown in DMEM supplemented
with 10% FBS, Penicillin (200 U/ml) and Streptomycin (200 pg/ml). To induce the
expression of DN-Stat3, cells were exposed to either 1.4% O, or 200 UM CoCl; in 5% FBS
containing low glucose (1.0 g glucose/ L) media for indicated periods of time.

Transient transfection of DNA into 293T cells was performed using calcium phosphate
precipitation method.24 For generation of stable clones, U87 cells were transfected using
Lipofectamine 2000 (Invitrogen), following the manufacturer’s protocol. Clones were
selected by culturing them in the presence of 0.5 ug/ml of puromycin for 14 days, and were
expanded individually for further analyses.

2.4. Electrophorectic mobility shift assay (EMSA), Western blot analyses and luciferase

assay

For EMSA, 10 pg of proteins of whole cell extracts (WCEs) and 0.2 ng of radiolabelled
hSIE oligonucleotide probe were used as described.2® Fifty micrograms of proteins were
used for Western blot analysis. Luciferase reporter activity was determined and normalised
as described.24:25

2.5. Extraction of RNA and real-time PCR

Cells were transfected with DN-Stat3 expression plasmid and were exposed to hypoxia as
indicated. RNAwas isolated using Trizol reagent (Invitrogen, Carlsbad, CA) according to the
manufacturer’s protocol. Real-time quantitative PCRs were performed to quantify VEGF
mRNA by means of SYBR green detection and ABI 7500 Real-time PCR system (Applied
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Biosystems, Foster City, CA). Expression of VEGF relative to p-actin was analysed using
the ACt method using a reference gene by normalising the Gy values of the target gene
(VEGH) to the corresponding Cy value of the control (B-actin), and expression was
represented by the ratio = expression under experimental condition/normal basal expression.

2.6. Tumour implantation

Parental, vector control or DN-Stat3-expressing U87 clones (3 x 10° cells in 100 pl PBS)
were mixed with matrigel (1:5) and injected (subcutaneous) into right flanks of 4-week-old
male nude (nuw/nd) athymic mice (Charles River, National Cancer Institute). Tumour
volumes were measured on a weekly basis using the formula: volume = width? x length x
0.4.26 To plot the survival time periods, mice were stereotactically implanted with 3 x 10°
cells in 3 ul PBS in the right frontal lobe, and the Kaplan—Meier method was used. All
animal experiments were conducted in accordance with the approved protocol of the
Institutional Animal Care and Use Committee.

2.7. Tissue staining, immunohistochemistry and immunocytochemistry

3. Results

After mice were sacrificed, tumours were excised and fixed in formalin or frozen with
embedding media. Formalin-fixed, paraffin-embedded xenograft tumour tissue was used for
haematoxylin and eosin staining, TUNEL assay and Ki-67 staining. Tissue sections were de-
paraffinised and antigen retrieval was done with citrate buffer, pH 6.0. A Ventana ES-
automated stainer was used to stain the sections with anti Ki-67 antibody (1:50 dilution), and
stain was developed by Biotin- Avidin detection system with DAB chromogen followed by
counterstaining with haematoxylin. TUNEL assay was performed according to the
manufacturer’s protocol. For TUNEL quantification, three fields were randomly chosen
from sections of tumours after 2 weeks of tumour implantation, using a Leica DM 2000
microscope with a 40x objective lens. TUNEL-positive cells were counted as a percentage
of the total cells.

DN-Stat3-V5 staining in tumour sections was performed on frozen tumour sections with V5-
FITC antibody (1:500). CD105 staining was performed on frozen sections (5 pm) with 100
ul of primary antibody (1:50 dilution). Stain was developed with Alexa Fluor 595. DN-
Stat3-V5 and HIF-1a stainings were performed in cells grown on coverslips in low glucose
low serum media for 48 h either in the presence or in the absence of 200 uM CoCl,. Cells
were then fixed with 4% paraformaldehyde for 20 min. For DN-Stat3-V5, VV5-FITC and for
HIF-1a stainings, anti-HIF-1a antibodies were diluted at 1:500 and 1:2000, respectively.
Secondary antibody attached to Alexa Fluor 568 was used to visualise HIF-1a.. All sections
were mounted with Vectashield containing DAPI.

3.1. Generation of stable U87 clones with hypoxiainducible expression of DN-Stat3

We employed a hypoxia-inducible vector to express DN-Stat3 for ablating the persistent
activation of endogenous Stat3 in hypoxic GBM cells. First, human DN-Stat322 was cloned
into the vector pBI-V6L23 to generate hypoxia-regulated DN-Stat3 expression vector pBI-
V6L-DN-Stat3 (Fig. 1A). The open reading frame of the DN-Stat3 was tagged with V5-
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epitope at the C-terminus. Expression and functionality of the pBI-V6LDN- Stat3 construct
were confirmed by transient expression in 293T cells followed by Western blot analysis
using anti-V5 antibody, and by EMSA using the hSIE (human sis-inducible element) derived
from the ¢-fos promoter, as described earlier”-9 (data not shown). The construct was co-
transfected with pBabepuro into the tumourigenic GBM cell line U87. Four clones were
selected under puromycin, designated as N705, N709, N714 and N716, which showed tight
DN-Stat3 regulation by hypoxia, and were used for further studies. Fig. 1B depicts a
Western blot analysis, using anti-V5 antibody, of a positive (N714) and a negative (N715)
clone expressing V5- tagged DN-Stat3 when exposed to hypoxia (1.4% O,) for 24 h in two
different cell culture media (4.5 g/l glucose plus 10% serum and 1.0 g/l glucose plus 5%
serum). Under hypoxia, N705 and N709 clones induced DN-Stat3 levels comparable with
that of N714, whereas N716 induced significantly less DN-Stat3 (data not shown). Next, we
examined the DNA-binding activity of constitutively activated endogenous Stat3 by EMSA
in selected clones. Whole cell extracts derived from CoCl,-treated (and untreated) clones
were subjected to EMSA using the hSIE probe.”-? The EMSA data revealed that hypoxia
mimicking CoCl, 27 completely ablated the DNA-binding activity of endogenous Stat3 in
N705, N709 and N714, whereas in N716, the endogenous Stat3 activation was partly
compromised by CoCl, or under hypoxia of 1.4% O, (Fig. 1C and data not shown). These
results indicate that hypoxia-inducible expression of DN-Stat3 blocks the DNA-binding
function of persistently activated endogenous Stat3 in U87 cells.

3.2. Inhibition of tumour progression by hypoxia-inducible expression of DN-Stat3

To determine the effects of hypoxia-inducible expression of DN-Stat3 on U87 clone-derived
tumour growth, we implanted all four individual DN-Stat3-expressing clones in flanks of
immune- compromised mice, and measured tumour volumes weekly (Fig. 2). Palpable
tumours were formed by control and all DN-Stat3-expressing clones within 2 weeks of
implantation. After the second week, the control groups (comprising parental U87 cells and
vector control U87 cells) showed rapid and steady growth rates, whereas the growth of
tumours derived from N705, N709 and N714 clones was stagnant over 6 weeks (until the
experiment was terminated) (Fig. 2B and data not shown). Interestingly, the growth of N716
(that expressed relatively low level of DN-Stat3 and thereby partly blocked the activation of
endogenous Stat3)-derived tumours was dormant for 5 weeks and thereafter the tumours
resumed a rapid progression of growth similar to that of control cell-derived tumours (Fig.
2B), exhibiting a DN-Stat3-dose-dependent effect on the tumour growth. It is noteworthy
that tumours from the control groups grew in all dimensions, forming massive lumps,
whereas small, dormant tumours derived from N705, N709 and N714 clones were flat and of
not more than 2mm in thickness showing features of growth that co-opted blood vessels just
below the skin (Fig. 2A and data not shown).

Co-expression of HIF-1a and DN-Stat3-V5 was detected by immunostaining N714 cells
(Fig. 3A) in the presence of 200 uM CoCl,, which mimics hypoxia. Little or no expression
of DN-Stat3- V5 was observed under normoxia in these cells. Under hypoxia, HIF-1a was
predominantly located in nuclei, while only very little, if any, cytoplasmic expression was
detected under normoxia. DN-Stat3-V5 expression was limited to the cytoplasm. Similar
observations were made with N705 and N709 cells (data not shown). No expression of DN-
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Stat3-V5 was observed in the vector control cells grown under either hypoxia or normoxia.
Tissue sections from representative tumours showed discrete regions of DN-Stat3
expression, as visualised by V5-FITC immunostaining (Fig. 3B). Localised expression of
DN-Stat3 observed was likely limited to regions of hypoxia. Whereas hypoxic regions were
easily discernible in the tissue sections of control group-derived tumours, they were much
harder to be found in the DN-Stat3-expressing tumours. This was likely due to the fact that
after hypoxia set in, the cells in those regions of the tumours started dying. This
interpretation was supported by positive staining of HIF-1a in control tumours but not in
DN-Stat3-expressing tumours (data not shown). Histological characteristics of the control
versus DN-Stat3-expressing U87 clone-derived tumours were also strikingly different, as
evident from haematoxylin- eosin staining (Supplementary Fig. 1). Dense cellular
distributions that could be observed in sections derived from control U87 cell-derived
tumourswere strikingly absent in the DN-Stat3-expressing tumours. The latter group also
exhibited more necrotic tissues compared with the control group (Supplementary Fig. 1).

3.3. Reduced proliferation and enhanced cell death in tumours expressing DN-Stat3

Proliferative activity of cells in tumours derived from vector control (VC) cells and the DN-
Stat3-expressing clones was assessed by staining tumour sections with a monoclonal Ki-67
antibody. Overall, there were more Ki-67-positive cells in the vector- and parental cell-
derived tumour tissues compared with DN-Stat3-expressing ones (Fig. 4A and data not
shown). This characteristic was observed from weeks 2 to 5, after which the experiment was
terminated. DN-Stat3-expressing clone-derived tumours had heterogenous distribution of
Ki- 67 stained cells with much fewer proliferative cells at the central regions than at the
edges of the tumours, whereas the staining was more or less uniform for the control group.
Cell death, more specifically apoptosis, on the other hand, was more prominent in the DN-
Stat3-expressing clone-derived tumour sections, as assessed by TUNEL staining (Fig. 4B).
Quantification of TUNEL-positive cells (from three random fields of each tumour section)
showed significant difference between the control group and the DN-Stat3-expressing group
(Fig. 4C). Whereas the control group had less than 5% apoptotic cells, the DN-Stat3-
expressing tumours showed the presence of 40-80% apoptotic cells. Moreover, necraotic cells
were much more abundant in DN-Stat3-expressing tumours in the later weeks than in the
earlier ones, as revealed by diffuse TUNEL staining (Supplementary Fig. 2).

3.4. Expression of DN-Stat3 prolongs the survival of tumour-bearing mice

To confirm the role of activated Stat3 in the tumourigenicity of U87 cells in vivo, immune-
compromised mice were implanted orthotopically with U87 cells of control (both parental
and vector) and DN-Stat3-expressing (N709, N714 and N716) groups in two independent
experiments (Fig. 5A and B). Both experiments clearly showed a longer survival of mice
expressing hypoxia-induced DN-Stat3. While ~80% of the control groups died within 7
weeks after tumour implantation, 100% of the N709 and N714 survived longer. Mice
implanted with N716 clone showed 50% survival within this time period. These data
correlate to the tumour progression observed by the increase in tumour volume in flanks
(Fig. 2). Taken together, these results suggest that activated Stat3 plays an essential role in
the tumourigenesis and progression of U87 cell-derived tumour growth in immune-
compromised mice.
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3.5. Neo-angiogenesis is compromised in DN-Stat3- expressing U87-derived tumours in
immune-compromised mice

The results described above indicate that activated Stat3 is required for the progression of
U87-derived tumour growth in immune-compromised mice. GBM outgrowth (>2mm in
diameter or thickness) is associated with hypoxia, necrosis and neo-angiogenesis, 1328 and
hypoxia is a primary inducer of angiogenesis.16-18.29 |n GBM, VEGF and IL-8 produced by
hypoxic tumour cells serve as the major pro-angiogenic factors. 1319 Stat3 has been shown
to be a transcriptional regulator of the VEGF gene in melanoma, renal cell carcinoma and
breast cancer cells.20:21.30 Therefore, to test the hypothesis that activated Stat3 is also
required for the induction of neo-angiogenesis in GBM, we measured the effects of DN-
Stat3 expression on VEGF promoter activity by using 2.274 kb human VEGF promoter-
driven luciferase construct3! and endogenous VEGF mRNA expression by real-time PCR, in
U87 cells under hypoxia (48 h). The results revealed that DN-Stat3 significantly reduced
hypoxia-induced VEGF promoter activity (Fig. 6A) and the VEGF mRNA expression (Fig.
6B). Next, to examine if Stat3 activation was involved in the induction of neo-angiogenesis
in U87 cell line-derived tumours, we stained tumour sections for CD105. CD105, also
known as endoglin, is a proliferation-associated and hypoxia-inducible protein abundantly
expressed on the surface of angiogenic endothelial cells.32 Our immunostaining experiments
with anti-CD105 antibody revealed the presence of large and abundant newly formed blood
vessels in the tumours derived from vector control U87cells, whereas almost none or very
few incomplete vessels were seen in the DN-Stat3- expressing U87 clone-derived tumours
(Fig. 6C). These results show that neo-angiogenesis was inhibited in DN-Stat3- expressing
tumours, probably leading to cell death, as shown by TUNEL assay (Fig. 4).

4. Discussion

We have previously shown that in the GBM cell line U87, Stat3 is activated by EGFR and
that activated Stat3 suppresses the spontaneous apoptosis of U87 cells by upregulating the
expression of the pro-survival protein Mcl-1 jn vitro. In U87 cells, although the EGFR-
activated PI3K-AKT pathway significantly contributes to the cell survival, Stat3 activation is
critical for the suppression of spontaneous apoptosis in vitro.? To define the role of
constitutively activated Stat3 in the growth of GBM in vivo, we generated stable U87-
derived clones expressing DN-Stat3 under a constitutive CMV-promoter.® The constitutive
DN-Stat3-expressing U87 cells-derived tumours grown in flanks of nude mice were
significantly smaller than those derived from the parental or vector control cells (data not
shown). Although this finding has suggested that activated Stat3 plays a role in the growth of
U87 cell-derived tumours, further evaluation of Stat3 function in the pathogenesis of GBM
becomes difficult due to the instability of the U87-derived clones that constitutively express
the DN-Stat3 protein.

We have overcome this difficulty by expressing DN-Stat3 both /n7 vitroand in vivo in U87
GBM cell line in a hypoxia/ HIF-1-inducible manner. Using this expression system, we
made the important observations that DN-Stat3 dramatically reduced U87 clone-derived
tumour growth in mice by inhibiting the proliferation and survival of tumour cells, and more
importantly, by suppressing tumour neo-angiogenesis. Thus, we have clearly demonstrated
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by using a widely used model tumourigenic GBM cell line U87 and rodent xenograft brain
tumour model that activated Stat3 was required for the growth of human GBM. Our findings
emphasise the significance of the persistent activation of Stat3 in more than 90% of GBM
tumours and all GBM cell lines examined.”®

In GBM cells, Stat3 can be activated by multiple cytokine-and growth factor-signalling
pathways including IL-4, IL-6 and EGF.7-1012 Under normal physiological conditions, Stat3
activation is limited in both magnitude and duration.12 However, Stat3 activation is
persistent in a variety of other human malignancies.!! It has been elegantly demonstrated by
Bromberg and colleague that a genetically engineered, constitutively active Stat3 is capable
of inducing cellular transformation and tumour formation in nude mice.33 Therefore,
targeting Stat3 could be a promising strategy to fight GBM and other human malignancies in
which persistently activated Stat3 contributes to the pathogenesis of the disease. Of note,
deletion of stat2in mice, unlike six other stargenes, results in embryonic lethality.34:35
Therefore, anti-Stat3 therapy in cancers such as GBM should be target-specific, minimising
the off-target detrimental effects of Stat3 inhibitors on normal cells.

The brain is a highly vascularised organ in which normal cells are normoxic, whereas the
GBM cells in the tumour become hypoxic due to occlusion of the existing blood vessels.13
Therefore, expression of DN-Stat3 through a hypoxia-inducible expression vector is a novel
approach to target GBM cells /n vivo. In principle, blockade of Stat3 activation in GBM
cells by DN-Stat3 would restrain them from activating the angiogenic switch, thereby
halting the tumour growth and maintaining the tumour dormancy. We have proven this
principle by demonstrating that intracranial implants of hypoxiainducible DN-Stat3-
expressing U87 clones failed to kill mice, whereas 80% of vector control or parental U87
cell-implanted mice died within 2 months. Further studies expressing DN-Stat3 using this
hypoxia-inducible vector in other tumourigenic GBM cell lines are necessary to confirm that
Stat3 activation in hypoxic GBM cells plays an indispensable role in activating the
angiogenic switch.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A Bidirectional Hypoxia/HIF Responsive Vector pBI-V6L-DN-Stat3

DN-Stat3 CMV-MP1 B6XHRE CMV-MP2 X

HRE= Hypoxia Responsive Element of Human VEGF Gene:
5'-tcgaggccacagtgcatacgtgggcetccaacaggtectcttg-3’

B N714 N715

Hypoxia - + + - + +
Low glucose
+5% Serum - -+ - - +

c N705 N709 N714 N716 Vector Parental

(Stat3)5» EMSA
2 ' + ~ + - + ww

CoCl, -

Fig. 1.
Generation of stable U87 clones with hypoxia-inducible expression of DN-Stat3. (A)

Bidirectional hypoxia/ HIF-responsive expression vector contains two minimal CVM
promoters (CMV-MP1 and CMV-MP2) flanked by six copies of the hypoxia-responsive
element (HRE) (underlined) of the human VEGF promoter placed either in left (pBI-V6L)
or in right (pBI-V6R) orientations. DN-Stat3 cloned in the Not I site is driven by CMV-
MP1. (B) One representative positive clone, N714, and a negative one, N715, were grown in
DMEM (4.5 g glucose/l) plus 10% serum and in low glucose medium (1.0 g glucose/l) plus
5% serum, and exposed to hypoxia (1.4% O,) for 24 h. Fifty micrograms of proteins in each
lane were subjected to Western blot analysis using anti-V5 antibody. (C) N705, N709, N714,
N716, vector control (puromycin selected pool of 20 colonies) and parental U87 cells were
exposed to 200 uM CoCl, (mimics hypoxia) for 24 h and derived whole cell extractswere
subjected to electrophoretic mobility shift assay (EMSA) using hSIE probe.
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Fig. 2.
Comparison of growth of tumours derived from DN-Stat3- expressing clones (N714 and

N716) and vector control U87 cell line. U87 cells (3 x 106) (vector control or DN-Stat3
clones) in a final volume of 100 pl PBS were mixed with matrigel (1:5) and injected
(subcutaneous) into right flanks of 4-week-old male nude mice. Tumour volumes were
determined weekly using the formula: volume = width? x length x 0.4 (mm3). (A) Pictures
of tumour-bearing mice at week 5. (B) Kinetics of tumour growth. Each value represents
mean + SEM of 6 individual mice in each group.
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Fig. 3.
Immunostaining for HIF-1a and DN-Stat3 in cultured cells and in DN-Stat3-derived

tumours. (A) N714 cells were grown on coverslips and exposed to 200 uM CoCl;, for 48 h.
Expression of DN-Stat3-V5 was observed under these conditions as green fluorescent
staining by anti-V5-FITC, whereas nuclear staining of HIF-1a was detected by anti-HIF-1a
(red fluorescence). Merged images are shown on the right. DAPI (blue) was used to stain
nuclei. NT indicates no treatment. (B) Frozen tumour sections were fixed with ice-cold
acetone. Fixed cells and tumour sections were permeabilised with PBS containing 0.3%
Triron-X-100 and 3% serum, and incubated with FITC-conjugated anti-V5 antibody, washed
and mounted with Vectashield containing DAPI. Discrete green fluorescent regions indicate
V5 staining in the N714 clone-derived tumours. No non-specific staining was observed in
either tissues from vector tumour or a no-antibody control (data not shown).
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Fig. 4.
DN-Stat3 reduces tumour cell proliferation and induces apoptosis. (A)

Immunohistochemical staining for Ki-67 was conducted in the paraffin-embedded, formalin-
fixed tumour sections from vector- and N714 clone-derived tumours. Ki-67 was detected
within the nuclei by brown stain. Haematoxylin was used for counterstaining. (B) Apoptotic
cells were detected in the tumour sections by TUNEL staining. Formalin-fixed paraffin-
embedded tumour (2-week post-implant) sections were de-paraffinised, hydrated and treated
with proteinase K and H,O,. Then tissue sections were stained using a TUNEL assay Kkit.
Apoptotic cells showed brown colour and counterstaining was performed with methyl green.
Left panel includes representative fields from the control group consisting of sections from
vector-derived and parental cell-derived tumours. Right panel shows representative fields
from sections of DN-Stat3-expressing clone-derived tumours. (C) Quantification of
apoptotic cells was presented as the percentage (mean + SEM, 7= 3) of TUNEL-positive
cells in three random fields of each tumour of week 2 post-tumour implantation.
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DN-Stat3 prolongs the survival of mice with orthotopically implanted tumour. Kaplan—

Meier curves represent survival of mice that were orthotopically implanted with U87-derived
clones. (A) Vector, parental, N714 and N716 (n7= 6 for each group), and (B) vector, parental,
N709 and N714 (n= 8 for each group).
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Fig. 6.

DN-Stat3 compromises neo-angiogenesis in GBM. (A) DN-Stat3 inhibits the VEGF
promoter-driven luciferase activity in hypoxic U87 cells /n vitro. Cells were co-transfected
with a luciferase construct (2.274 kb human VEGF promoter cloned in the promoter-less
luciferase expression vector, pGL3-basic) and DN-Stat3 expression plasmid. Twenty-four
hour post-transfection cells were exposed to 1.4% O, (hypoxia) or normoxia for 48 h.
Derived cell extracts were subjected to luciferase assays and results were normalised. Each
value of luciferase activity represents mean + SEM of three independent determinations. (B)
DN-Stat3 reduces the steady state level of VEGFmRNA in hypoxic U87 cells. Values are
normalised against the B-actin level and the ratio to basal VEGF level under normoxia is
shown in each case. (C) New blood vessel formation is compromised in DN-Stat3-
expressing tumours. Frozen, acetone-fixed tumour sections were stained with anti-CD105
antibody followed by staining with Alexa Fluor 595, washed and mounted with Vectashield
containing DAPI. Newly formed blood vessels were stained with red fluorescence, whereas
nuclei were stained blue.
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