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Abstract

Radiation therapy plays a central role in the trestt of glioblastoma, but it is not curative
due to the high tumour radioresistance. PI3K/akd JAK/STAT3 pathways serve to block
apoptosis process, keeping cells alive in verya@exivironments as chemotherapy or ionizing
radiation. In the present study, from a panel dfughan malignant glioma cell lines, firstly
investigations on the relationship between intdnsidioresistance and Akt or STAT3 basal
activation were done. Secondly, the impact of domodulation of Akt or STAT3 signaling
on in vitro intrinsic radiosensitivity was evaluated. Usingrgenic cell survival assay, our
results revealed a significant correlation betwlkeasal Akt activation and Surviving Fraction
at 2 Gy (SF2). By contrast, no correlation was tblnetween STAT3 activation and SF2.
According to this, down modulation of Akt with aespfic chemical inhibitor (Akt inhibitor
IV) demonstrated a significant enhancement of taxhasensitivity on glioma cells in
clonogenic survival assay. On the contrary, dowrduhation of STAT3 signaling with a
specific chemical inhibitor (JSI-124) or a neutzadg gp130 antibody failed to radiosensitize
glioma cells. These data indicate that Akt intetaegmle could be a more relevant therapeutic

target than STAT3 for radiosensitizing human malignglioma.

Keywords: Human malignant glioma, intrinsic radmstance, Akt signaling pathway,

STATS3 signaling pathway.



Introduction

Gliomas are the most common primary tumors of thatral nervous systefit
Among these tumors, the most frequent and maligngpé is glioblastoma (GBM).
Glioblastomas have been described as rapidly ggpwimors associated with necrosis and
endothelial proliferation. These neoplasms areeexily resistant to treatment, including

radiotherapy and/or chemotherapy, and patient mesliavival does not exceed 1 yé&ar.

Although radiotherapy increases patient survival treatment is not curative because
of tumor regrowth inside the irradiated tumor vokfii This might be explained by the fact
that interactions between tumor and microenvirorer@mare involved in tumoral
radioresistance through angiogenédigpoxid® and immunosuppressidh'? Another part of
tumor radioresistance is due to intrinsic radiatsice of tumor cells themselves. A
molecular analysis in tumor samples of basal attimaof different signaling pathway
potentially involved in radioresistance could becbhical interest. Phosphatidyl-inositol 3-
kinase (PI3K) / Protein Kinase B (Ak&hd Janus Kinase (JAK) / Signal Transducer and
Activator of Transcription (STAT) pathways serveliock apoptosis process, keeping cells
alive in very toxic environments as chemotherapyiamizing radiation (IR}>* In a
bioclinical prospective study, Chakravaatial. showed a significant correlation between the
level of basal Akt phosphorylation and a poor pasis in human glioma in a subset of
patients treated by radiotherapy ofly.Rahamanet al. reported experimental data
demonstrating that inhibition of STAT3 signalingipaay was also associated with increased

apoptosis and proliferation inhibition in malignafioma?®



The development of Akt and STAT3 inhibitors has beegoal of pharmaceutical
companies since the discovery that these pathwaysften activated in numerous human
cancer such as melanoma, myeloma, brain cancesstboancer and ovarian cantet®
Combining drugs with radiation is common in cantceatment, and aim at achieving better
therapeutic effects than with single-modality tipgraSeveral chemicain vitro inhibitors
have been developped against Aldar STAT3® Akt Inhibitor IV (5-(2-Benzothiazolyl)-3-
ethyl-2-[2-(methylphenylamino)ethenyl]-1-phenyl-Hénzimidazolium iodide) inhibits Akt
phosphorylation by targeting the ATP binding site a kinase upstream of Akt, but
downstream of PI3K? Akt inhibitor IV sensitized human leukemic HL-6@lls to TRAIL
(TNF-related apoptosis-inducing ligarfd). JSI-124, Cucurbitacin 1, is driterpenoid
compound that acts as a highly selective inhibiod AK/STAT3 signaling pathwa¥: JSI-
124 was recently shown to sensitize malignant gioend medulloblastoma cells to
temozolomide, 1,3-bis(2-chloroethyl)-1-nitrosourea to cisplatin, with a synergy between

JSI-124 and cisplatift.

Here, we studied in human malignant glioma ceksin(l) the relationship between
intrinsic radioresistance and Akt or STAT3 basdivation; and (l) the impact of down
modulation of Akt or STAT3 signaling dan vitro intrinsic radiosensitivity. Down modulation
of Akt with a chemical inhibitor (Akt inhibitor IVlemonstrated a significant enhancement of
radiation sensitivity on glioma cells in clonogersarvival assay. On the contrary, down
modulation of STAT3 signaling with a chemical initdo (JSI-124) or a neutralizing gp130
antibody failed to radiosensitize glioma cells. Traioresistance was evaluated using
clonogenic cell survival assay and the basal le¥elctivation of signaling pathways using
Western blot. These data indicate that Akt interceple could be a more relevant therapeutic

target than STAT3 for radiosensitizing human malignglioma.



Methods and Materials

Materials - Akt (No 9272), phospho-Akt Ser473 (No 9271), STATD 4904), and
phospho-STAT3 Tyr705 (No 9145) rabbit antibodiesravérom Ozyme (Saint Quentin
Yvelines, France). Control rabbit IgG (No 15006)ddiactin (No A2066) were from Sigma
(Saint Quentin Fallavier, France). Anti rabbit-FIM&as from Dako (No F0054, Trappes,
France) and anti rabbit-peroxidase was from P.ASR.(Compiegne, France). All culture
reagents were purchased from GIBCO (Invitrogeng@&ontoise, France). Gp130 blocking
antibody (No 852.060.000) and control (IgG2a, N@.8B0.000) mouse antibody are from

Diaclone (Besancon, France).

Cdll culture - Eight human malignant glioma cell lines were usethis study. SF763,
SF767 and U251MG cell lines were kindly provided Dy C. Delmas (Centre de Lutte
Contre le Cancer Claudius Regaud, Toulouse, FraBd)1783, SNB19, and U373MG were
obtained from N. Auger (Institut Curie, Paris, Fsap T98G and CB193 cell lines were
kindly provided by G. Pennarun (CEA, Grenoble, Egn All cell lines were cultured in
DMEM (with 4500mg/l glucose and L-glutamine) suppénted with Sodium Pyruvate 1%,
Non Essential Amino Acids 1%, Gentamicin 10ug/mt a0% Foetal Calf Serum in a
humidified incubator containing 5% CO2 at 37°C. Adll lines were mycoplasm free after

treatment with plasmocin (Invivogen, Toulouse, [Egn

Clonogenic cell survival assay - Cells in exponential phase of growth were tryp&dis
with a 0.25% Trypsin-PBS solution and were seeddd@0 to 4000 cells per T25 flask. One
day after, three flasks were irradiated per dose iaradiation was performed as single

exposure doses delivered by a linear accelerataio@n temperature. After 9 days of



incubation, the content of the flasks were fixethwnethanol and stained with a Giemsa stain
solution (5%). The Plating Efficiency (PE) repretsetime percentage of cells seeded that grow
into colonies of a given cell line. Colonies withora than 50 cells were counted by
microscopic inspection, and plating efficiency asllwas the radiation-surviving fraction
(plating efficiency of experimental group/ platingfficiency of control group) was
determined. Each experiment was repeated on tepeae days, and each day triplicates of
each dose were performed. The intrinsic radioseitgitwas evaluated by using two
parameters: the Surviving Fraction at 2 Gy (SF2) the Area Under survival Curve (AUC).
Survival curves were obtained by combinating datanf three independent experiments

(separate days) in accordance with linear-quadnatidel (KaleidaGraph software 4.0).

Western blot - Cells in exponential phase of growth were harvestgdg Buffer C (
supplemented with NP-40, phosphatase inhibitorsF(Nga2VO3) and protease inhibitor
IP25X (Roche). Total proteins (30g) were boiled.a@mmli sample buffer and subjected to
SDS-PAGE. Proteins were then transferred to nithdose membranes (Hybond ECL,
Amersham Biosciences) followed by blocking in Twisffered saline 1X, 10% powdered
milk, and incubated with indicated antibodies ine tkame buffer overnight at 4°C.
Membranes were washed three times with 1X Trisdvatf saline, 0.05% Tween 20, and then
incubated 1h with anti-rabbit (P.A.R.l.S) peroxida®njugated 1gG. Detection was
performed using ECL system (PerkinElmer Life Sce=)c Three independent experiments

were used for analysis with Quantity One (BioRad).

Chemical Akt and STAT3 inhibitors - Akt Inhibitor IV (B2311) was from Sigma and
STAT3 inhibitor (JSI-124) was from Calbiochem (VWIRyntenay Sous Bois, France). Stock

solutions of Akt inhibitor 1V (81.3uM) and of J3R4 (19uM) were constituted using DMSO



and stored at — 20°C. These stock solutions wedutedi to the desired concentration with
culture medium. For Western blot analysis, cellsenexposed 7 h to inhibitor prior protein
extraction. For clonogenic survival assay in preseaf chemical inhibitors, 1000 to 4000
cells were seeded per T25 flask. One day aftels e&dre pre-incubated with the different
inhibitors (Akt inhibitor 1V, JSI-124 or DMSO) forh prior to irradiation and then cells were
then cultured with inhibitors for up to 24h. Dat&ne normalized to control (treatment with

inhibitor without irradiation) to exclude effect ofhibitor alone on surviving fraction.

Results

Radiosensitivity analysis of human glioma cell lines by clonogenic cell survival - The
intrinsic radiosensitivity of the glioma cell linegas investigated using standard clonogenic
assay. Cell lines were irradiated with increasinged of radiation (0, 2, 4, 6, 8 and 10 Gy).
SF2 and AUC were used to measure intrinsic radsgeity. Survival data were fitted to the
linear-quadratic model (fig. 1). As shown in Tahl®E values varied from 0.05 to 0.28. SF2
values ranged from 0.46 to 0.83 and AUC values ednijom 2.4 to 5.5. A significant
correlation between SF2 and AUC (r = 0.951; p =0043; linear regression) was observed.
Our data obtained are in agreement with previossli® evaluating the radiosensitivity of
human gliom&*?’ SF763 and SW1783 appeared to be respectively et and the less

radioresistant cell line with 0.83 and 0.46 for S&& and 2.4 Gy for AUC values.

Correlation between activation levels of Akt and STAT3 and radiosensitivity - Among
the human glioma cell line panel, STAT3 phosphdedaTyr705 and Akt phosphorylated
Ser473 residues, which are known to be active grwgfation site$®?°and STAT3 and Akt

expression were analyzed by Western blot (figL2yels of activation were estimated by the



phospho-protein/total protein expression ratio.igngicant correlation was found between
the pAkt/Akt ratio and SF2 (r = 0.764; p = 0.02¥ehr regression), but not between
PSTAT3/STATS ratio and SF2. Note that the mostaeasiistant cell line, SF763, exhibited a
high basal activation of both Akt and STAT3 signglipathways. On the contrary, no
activation of these pathways was observed in thel®#& cell line, which is the most

sensitive to ionizing radiation.

Impact of Akt or STAT3 signaling down modulation on glioma radioresistance - We
used chemical Akt and STAT3 inhibitors at lower @oshat slightly affect plating efficiency
in the absence of radiation in order to underlinediosensitizing effect. In our study, the
SF763 cell line exhibits an activation of both Aktd STAT3 signaling. The SF767 and
SNB19 cell lines presents respecitvely only Akt &@8AT3 activation pathway in basal
conditions.

Firstly, SF763 cells were treated with a concermnatange of Akt inhibitor 1V, for 7h
and Akt phosphorylation was investigated using \&festblot analyses. As previously
reported for other cell lined,we observed a specific decrease of Akt activatiith a dose of
10uM in SF763 cells compared to cells treated MMSO e . We also observed a lower
decrease of Akt activation with 0.2 and 5uM (figA)3 Akt inhibitor IV, decreased PE in
SF763 cells after 24h of exposure, in a dose depgndanner ranging from 0.86 for 0.2uM
to 0.63 for 0.04uM (fig. 3B). When SF763 cells weneposed 24h with 0.2uM of Akt
inhibitor 1V and irradiated at 4 Gy after 7h ofdtment, we observed a significant specific
decrease in surviving fraction (p < 0.@1est) compared with the control (DMSO + 4 Gy, fig.
3C). Clonogenic survival assays ranging from 0 @oGly demonstrated a highly significant
enhancement of radiation sensitivity (p <’1@NOVA) after treatment with 0.2uM of Akt

inhibitor 1V (fig. 3D).



To confirm Akt pathway involvement in glioma celdioresistance we carried out
experiments to know if down-modulation of Akt coulttrease radiation sensitivity of the
SF767 cell line. SF767 cells were treated with aceatration range of Akt inhibitor IV, for
7h and Akt phosphorylation was investigated usingsi&rn blot. As for the SF763 cell line,
we observed a specific decrease of Akt activatioth v dose of 10uM in SF767 cells
compared to cells treated with DMSO (control). Weoaobserved a lower decrease of Akt
activation with 0.1uM (fig. 4A). Akt inhibitor IVdecreased PE in SF767 cells after 24h of
exposure, in a dose dependent manner ranging fr8mfor 0.05uM to 0.20 for 0.3uM (fig.
4B). When SF767 cells were exposed 24h with 0.1k inhibitor IV and irradiated at 2
Gy after 7h of treatment, we observed a significgacific decrease in surviving fraction (p <
0.05, t-test) compared with the control (DMSO + 2 Gy, #g). Clonogenic survival assays
ranging from 0 to 10 Gy demonstrated a signifiGamttancement of radiation sensitivity (p <
103, ANOVA) after treatment with 0.1pM of Akt inhibitdV (fig. 4D).

Secondly, SF763 cells were treated with a conceotraange of JSI-124 for 7h and
pPSTAT3/STATS ratio was evaluated using Western blwtlyses. As shown in fig. 5A, the
exposure of cells to 0.2uM of JSI-124 for 7h indlice decrease of STAT3 pathway
activation whereas lower doses seemed to have pacimAlthough there was no decrease in
pSTAT3 with JSI-124 0.01uM in these experimentahdibons, clonogenic survival was
altered. Thus, JSI-124 after 24h treatment prowduktan effective inhibitor of SF763 colony
formationin vitro, in a dose dependent manner ranging from 0.80f@tuM to 0.39 for
0.04uM (fig. 5B). To test a potential radiosensiijzeffect of JSI-124, cells were treated with
0.01uM JSI-124 for 24h including irradiation at 4 &fter 7h of treatment. As shown in fig.
5C, JSI-124 treatment failed to sensitize SF76[3 ¢elionizing radiation.

STAT3 pathway activation involves gp130 recruitmesptream JAK?2 activatiGhso

another approach to inhibit STAT3 pathway was edrout using gp130 blocking antibody.
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The exposure of SF763 cells to anti-gp130 blockingbody (10ug/ml) did not affect plating
efficiency (data not shown) but abrogated activatioi STAT3 pathway after 24h of
treatment as shown in figure 5D. In clonogenic saivassay, anti-gp130 or control antibody
(lgG2a) was added when cells were attached in dlg8k after seeding), before or after
irradiation until the end of experiment. In all ¢lerconditions, a decrease of STAT3 pathway
activation did not radiosensitize SF763 cells (@spntative results fig. S5E).

Because anti-gp130 antibody treatment does nottattdony forming with a striking
inhibition of STAT3 in the SF763 cell line, we usedis approach to test potential
radiosensitizing effect of STAT3 inhibition in tf®NB19 cell line. The exposure of SNB19
cells to anti-gp130 blocking antibody @@@ml) did not affect plating efficiency (data not
shown) but abrogated activation of STAT3 pathwagra24h of exposure as shown in figure
6A. In clonogenic survival assay, anti-gp130 ortognantibody (IgG2a) was added when
cells were attached in flasks (8h after seeding@sfilte the decrease of STAT3 pathway

activation anti-gp130 antibody did not radiosemsitsNB19 cells (fig. 6B).

Discussion

Radiotherapy is a part of the gold standard treatnoé glioblastomas, but these
tumors are radioresistant. Targeting signaling\paifs involved in GBM radioresistance may
improve clinical results of radiotherapy. PI3K/Aktd JAK/STAT3 pathways are major cell
survival pathways blocking apoptosis process andpikg cells alive in very toxic
environments as chemotherapy or ionizing radiatidere, we studied in human malignant
glioma cell lines: (l) the relationship betweenrimsic radioresistance and Akt or STAT3
basal activation; and (Il) the impact of down madign of Akt or STAT3 signaling om

vitro intrinsic radiosensitivity.
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To date, little is known about direct relationshgtween Akt or STAT3 activation and
tumor radioresistance. Our results showed sigmificarrelation between basal Akt activation
and Surviving Fraction at 2 Gy (SF2). Converselg, such correlation was established
between STAT3 activation and SF2 suggesting that\& survival pathway associated with
radioresistance. In our study, the most radiorasigglioma cell line was SF763, exhibiting an
activation of both Akt and STAT3 signaling in basahditions. SF763 was a good candidate
to study effects of Akt or STAT3 down modulation the radioresistance level. SF767 cell
line presents only a high level of Akt and SNB19 lbee shows only an activation of STAT3
pathway so they are good models to study speaifiesrof respectively Akt and STAT3

inhibition in glioma radiosensitization.

Akt pathway down modulation and glioma radiosensitivity - Our results showed that
Akt pathway activation is closely related to hunglioma radioresistance. Althought IR
damages tumor cells through several mechanismss BRought to kill cells primarily by
causing DNA damage and, specifically, double strarebks (DSBs). Prior to undergoing
division, this leads to a DNA damage response fmwatepair of the DNA damag®.The
ability to repair is essential to cell survival base maintained DNA breaks induce apoptosis
or senecenc¥- A recent study by Kaet al. reported that PI3K/Akt signaling pathway down
modulation led to persistence of unrepaired DSBduged by radiation in a human
glioblastoma cell line (U251), demonstrating thas tpathway can modulate DNA damage
repair in response to radiation and may be involiredadiation therapy efficienc. To
explain this, one hypothesis could imply the DNAseiedent protein kinase (DNA-PK) which
is one of the downstream targets of Akt signaffhg.

The greatest improvement in tumor control will als® through the understanding of

stem cells radioresistance mechanisms. Down madualaf Akt signaling induced apoptosis,
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neurosphere formation suppression, and reduceditywatid invasivness in brain tumor stem
cells3* Interestingly, Akt down modulation sensitizes mighastoma stem cells located in
the perivascular region to radiation-induced apsigtcsuggesting that Akt inhibitors may be
an effective anti-cancer stem cell therdpy.

Here, we showed that Akt inhibitor IV was able ndibit in a dose dependent manner
in vitro colony formation of malignant glioma cell line S#37 Clonogenic survival assays
using AKT inhibitor demonstrated enhancement ofiatawh sensitivity when SF763 cells
were exposed for 24h to 0.2uM of Akt inhibitor Xkt pathway activation involvement in
glioma cell radioresistance was confirmed by sigaiit enhancement of radiation sensitivity
of SF767 cells after treatment with 0.1uM of Akhiioitor IV.

Many PI3K inhibitors have been developped in thet faw decades to study PI3K
signaling involvement in various biological proces& part of them were used to
radiosensitize cancer cells, such as wortmaframd LY294002" but they have limited
clinical utility due to their severe toxicities. iBhcould be explained in part by the fact that
such drugs target all PI3K protein family. Moreastty Chenet al have shown that PI-103, a
novel PI3K inhibitor, with less toxic propertiexyudd radiosensitize PTEN-mutated cell lines
whereas it could not radiosensitize glioma cekdinvith PTEN wild typ&® Re-establishment
of PTEN was also a promising approach to radiotieasglioma because PTEN is often
mutated in these tumot$ In contrast to PI-103 or Nelfinavir®, we reported in this work
that Akt inhibitor IV radiosensitizes wild type PREglioma cells (SF763, SF78Y, but these
two cell lines were selected for experiments beeanfstheir high level of radioresistance

regardless their PTEN status.

STAT3 pathway down modulation and glioma radiosensitivity - JSI-124, acts as a

highly selective inhibitor of the JAK/STAT3 signadj pathway” Suet al have demonstrated
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that JSI-124 induced in glioma cells:fBV accumulation via downregulation of cyclin B1
and cdc2 expressidfi. Down modulation of STAT3 signaling using JSI-124swvalso
associated with a decrease in local immunosupessi a murine intracranial model of
glioma* JSI-124 was recently shown to sensitize maligmgioima and medulloblastoma
cells to temozolomide, 1,3-bis(2-chloroethyl)-1rogiourea, and cisplatin with a synergy
between JSI-124 and cisplaffhbut to our knowledge, there is no study evaluativegability
of JSI-124 to alter cancer cell resistance to iogizadiation. Here, we showed that JSI-124
alone was able to inhibit SF763 cells colony folorain a dose dependent manner, but that
STAT3 down modulation, either using JSI-124 or -gmpi30 blocking antibody, did not
modify SF763 cells sensitivity to ionizing radiatio

Despite the decrease of STAT3 pathway activatiter ainti-gp130 antibody exposure
no radiosensitizing effect was observed in SNB1B.c&his is consistent with the absence of
correlation between STAT3 activation and radiotesise level in the tested cell lines.
Moreover, a recent study reported that STAT3 care lemtumor-suppressive function that is
regulated by the tumor suppressor PTEN. Nucleasttatively activated form of Epidermal
Growth Factor Receptor variant 11l (EGFRuvIII) aeis a switch to convert this STAT3 from a
tumor-suppressive to a pro-oncogenic proféiAltogether our results with these last data
support that STAT3 involvement in glioma radiorémige remains unclear and would depend

on PTEN and EGFRuVIII status in glioma cells.

In summary, the results of the present study aheraeport¥=%3°strongly suggest
that Akt is a valid target for glioma cell radioséization. Our conclusions are different from
those of de la Peneat al, who obtained no radiosensitization effect on rgko cells by
treatment with perifosine, a drug that down regulakt phosphorylatiof® Further

experiments are needed to understand the link eet®&@EN, EGFRVIII and STATS3 status in
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regard to glioma radioresistance. These data itelitet Akt intercept node could be a more
relevant therapeutic target than STATS3 for radisgeaing human malignant glioma.

The PI3K/Akt pathway could be activated by numerou®mkines or growth factors.
We reported that among these activators, intene@ki(IL-6) gene amplification and
overexpression were associated with poor survivaldtients with malignant gliom&&we
have previously reported that interleukin-6 genanwlified in SF763 but not in SF767 cell
line** PI3K/Akt could also be activated by EGFR which ddten amplified in
glioblastom&®*’ but EGFR status in these cell lines is unknownrtHeumore, receptor
tyrosine kinase independent activation of the PA&/pathway is commonly observed in
many cancers, and can occur through multiple meshe) such as mutation or amplification
of PI3K gene, amplification of Akt gene, activatiohan upstream oncogene (e.g., RAS), or
mutation or decreased expression of the tumor ssppr PTEN?® Because of these multiple
possibilities, instead of inhibiting a single cslirface receptor, down modulation of signal
transduction through such an intercept node willabenore effective approach to block
radioresistanc& The PI3K/Akt node could be a relevant therapetatiget to radiosensitize
tumor cells by inhibiting both anti-apoptotic menfsans and DNA damage repair after
radiation.
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Captions

Fig. 1. (A-H) Clonogenic survival curves of human ralignant glioma cell lines. Cells
were irradiated during the exponential growth phasé survival data were obtained from
standard clonogenic assays. Data are representigibynean * standard error and are fitted

to the linear-quadratic model. Linear quadratiatieh : y = e -¢D + pD?).
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Fig. 2. Akt and STAT3 basal signaling pathways actation. A, Cells in were harvested

during exponential growth phase and thirty microggaof total proteins were loaded per lane
and electrophoresed by SDS-PAGE. Transfer membrames immunoblotted with anti-

STATS3, anti-Akt, anti-pSTAT3-Tyr705, anti-pAkt-Sefd. To ensure equal protein, loading
the blots were stripped and reprobed with @rdictin antibody. The blot is representative of
three independent experiments with consistentte®ibnd C, Densitometric analyses of the
blots are presented as relative ratios of phosgheiortotal protein. Data were plotted as

mean values * standard error of triplicate deteatnoms (arbitrary units).

Fig. 3. Impact of Akt pathway down modulation on SF63 cells.

A, Cells were treated with Akt inhibitor IV durindr,/then harvested. Total cell extracts were
electrophoresed by SDS-PAGE, followed by immundbigtwith anti-Akt, anti-Akt-Ser 473
and with anti-actin antibody.B, Clonogenic survival of SF763 cell line exposedato
concentration range of Akt inhibitor IV. One repatative experiment performed in triplicate
is shown.C, Clonogenic survival of SF763 cell line exposed{@uM of Akt inhibitor 1V
during 24h. After 7h of treatment, cells were ifedeld to 4 Gy and surviving fraction was
compared with that of control (DMSQ), Clonogenic survival of SF763 cell line exposed to
0,2uM of Akt inhibitor IV during 24h. After 7h ofeéatment cells were irradiated to 0 to 10
Gy and the surviving fraction was compared with tifecontrol (DMSO). One representative

of three independent experiments (performed ii¢cage) is shown.
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Fig. 4. Impact of Akt pathway down modulation on SF67 cells.

A, Cells were treated with Akt inhibitor IV durindr,/then harvested. Total cell extracts were
electrophoresed by SDS-PAGE, followed by immundbigtwith anti-Akt, anti-Akt-Ser 473
and with anti-actin antibody.B, Clonogenic survival of SF767 cell line exposedato
concentration range of Akt inhibitor IV. One reprtative experiment performed in triplicate
is shown.C, Clonogenic survival of SF767 cell line exposedfbuM of Akt inhibitor 1V
during 24h. After 7h of treatment, cells were ifedeld to 2 Gy and surviving fraction was
compared with control (DMSODP, Clonogenic survival of SF767 cell line exposed tbuM

of Akt inhibitor IV during 24h. After 7h of treatmé cells were irradiated to 0 to 10 Gy and
the surviving fraction was compared with that ofitol (DMSO). One representative of three

independent experiments (performed in triplicaseghown.

Fig. 5. Impact of STAT3 pathway down modulation orSF763 cells.

A and D. Cells were treated with JSI-124 (7h) or with amit80 blocking antibody (24h).
Total proteins were electrophoresed by SDS-PAGHovied by immunoblotting with anti-
STATS3, anti-pSTAT3-Tyr705 and anfiactin antibody.B, Clonogenic survival of SF763
cell line exposed 24h to a concentration rangeS¥#124. One representative experiment
performed in triplicate is showrC, Clonogenic survival of SF763 cell line exposed to
0,01uM of JSI-124 during 24h. After 7h of treatmertls were irradiated to 4Gy and the
surviving fraction was compared with that of cohfidoMSO). One representative of three
independent experiments (performed in triplicateghownE, Clonogenic survival of SF763
cell line exposed to blocking anti-gp130 or to coht(lgG2a) antibody when cells were
attached in flasks (8h after seeding), before tarafradiation. Cells were irradiated to 4 Gy
and the surviving fraction was compared with thatcontrol (IgG2a). Representative

experiment performed in triplicate is shown.
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Fig. 6. Impact of STAT3 pathway down modulation ofSNB19 cells.

A, Cells were treated with anti-gp130 blocking antippo(24h). Total proteins were
electrophoresed by SDS-PAGE, followed by immundlrigt with anti-STAT3, anti-
pSTAT3-Tyr705 and anf-actin antibody.B, Clonogenic survival of SNB19 cell line
exposed to blocking anti-gp130 or to control (Ig§>aatibody when cells were attached in
flasks (8h after seeding). Cells were irradiated2t@sy and the surviving fraction was
compared with that of control (IgG2a). Represemgagxperiment performed in triplicate is

shown.
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Table 1. Radiosensitivity of 8 tumor cell lines.

cell line Origin SF2* AUCT (Gy) PE™
SF767 glioblastoma 0.68 +0.05 3.6 0.20
SW1783 astrocytoma grade III 0.46 +£0.03 2.4 0.05
U373MG  glioblastoma 0.58+0.03 2.8 0.13
SNB19 glioblastoma 0.50+0.01 2.3 0.12
U25IMG  glioblastoma 0.58 +£0.01 2.6 0.28
CB193 glioma grade III 0.52+0.02 2.6 0.07
T98G glioblastoma 0.64 +0.05 3.6 0.09
SF763 glioblastoma 0.83+0.04 5.5 0.17

*SF2 : Survivin g Fraction at 2 Gy; "AUC : Area Under the survival Curve;

Efficiency

""PE : Plating
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