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INTRODUCTION 
 About one half of Malignant Peripheral Nerve Sheath Tumors (MPNST) 
arise in Neurofibromatosis Type 1 patients (NF1). NF1 is a tumor suppressor 
gene normally essential for negative regulation of RAS protein and is the most 
common genetic alteration in MPNST. Currently, these tumors present very 
poor clinical prognosis, and despite the efforts to find better chemotherapy, 
there has been little impact on overall patient survival. Our goal was to identify 
new combination of FDA approved drugs that are effective in cell culture and 
animal models of MPNST. 
 
 
BODY 
 The results obtained in the first year were valuable to perform cell based 
drug screen and test the therapy combination in vivo. In the first year, we 
successfully developed new MPNST cells derived from surgical specimens 
provided by the Johns Hopkins Hospital and established MPNST xenograft 
mouse models. During the second year we developed two additional MPNST 
cells in serum containing medium derived from surgical specimens. In addition, 
we used a cell based drug screen to identify potential combinations with anti-
proliferative effect in vitro. These combinations were further characterized in a 
detailed analysis of cell cycle profile and apoptotic markers. Finally, we tested 
whether this therapeutic approach shows anti-tumoral activity in preclinical 
model. 
 
 
Task 1 – Establishment of new MPNST cells 

Surgically resected MPNST tumors were dissociated and cells were 
cultured in neural stem cell media made of Neurobasal medium (Invitrogen) 
containing the mitogenic factors EGF and FGF. We also cultured these cells in 
standard serum containing medium with 10% of Fetal Bovine Serum. To date, 
cells cultured in neural stem cells medium grew for a few passages and rapidly 
senesced. This might be attributed to the specific genetic background of tumors, 
as cultured primary cells regularly differ in cell proliferation rates and therefore 
in the ability to form new cell lines. Up to the present time, we have successfully 
grown five new MPNST cells in serum containing medium and currently have 
cultured these cells for several passages (Figure 1). On Figure 1 the in vitro 
characteristic growth pattern of these cells is shown. We also obtained 
established MPNST cells kindly provided by outside collaborators. A complete 
list of MPNST cells is shown on Table 1. 
 
 
Task 2 – In vivo tumor growth and characterization of MPNST cells 

In order to develop a consistent in vivo MPNST model we implanted all 
available MPNST cells in athymic nude mice. MPNST cells growing in culture 
were trypsinized, counted and resuspended in Matrigel (BD Biosciences). 5x106
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cells resuspended in 100 µl of Matrigel were implanted subcutaneously in the 
middle portion of flanks of Athymic nude mice. Mice were observed overtime for 
tumor formation. Mice implanted with the cell lines STS26T and NF90-8 
developed tumors 4 and 12 weeks after cell implantation, respectively. We also 
successfully implant the sNF96-2 and T265-2C cell lines in athymic nude mice, 
which developed tumors nearly 10 weeks after cell implantation. 
 
 
Task 3 – Establishment of NF1 isogenic cells 
A) Suppression of NF1 expression in MPNST cells. NF1 tumor 
suppressor loss is one of the most common genetic alterations in MPNST 
tumors. It is anticipated that finding a drug that shows specificity to cells lacking 
NF1 expression will represent a major step toward developing an efficacious 
therapy for MPSNT tumors. Therefore, we developed NF1 isogenic cells, which 
have the same genetic background and only differ on the NF1 gene expression. 
To that end, we selected the NF1 positive cell STS26T and proceeded to attain 
the constitutive knockdown of NF1 gene. To mimic NF1 expression loss we 
transduced lentiviral shRNA constructs specific for NF1 gene. The shRNA 
system selected was the Hairpin-pLKO.1 from the RNAi Consortium (TRC), 
available at the Genomics Resource core facility at JHU. We selected five 
independent NF1 shRNA clones: TRCN39713, TRCN39714, TRCN39715, 
TRCN39716 and TRCN39717. The NF1 hairpins are cloned into the lentiviral 
pLKO.1 vector. The non-targeting GFP shRNA was used as a control. Figure 
2A shows the protein expression of NF1 in the MPNST cells with the shRNA 
(clone TRCN39716) selected from our initial screen performed by quantitative 
real-time PCR (data not shown). Next, the selected NF1 shRNA clone was 
tested for their proliferation rates by Alamar Blue assay (Invitrogen). 
Suppression of NF1 protein expression (clone TRCN39716) was accompanied 
of increased cell proliferation, compared to the GFP shRNA control (Figure 2B). 
Therefore, we used clone TRCN39716 for the subsequent drug screening. 
NF1shRNA and GFPshRNA cells were subjected to various concentrations of 
the inhibitors: Tandutinib, Sunitinib, Rapamycin, Gefitinib and Lapatinib. Control 
cells were plated with DMSO, used as vehicle for drug dilutions. The drugs half 
inhibitory concentration (IC50) value was calculated at 72h after drug exposure. 
Table 2 shows the results of the initial IC50 assays. 

 
B) NF1 ectopic expression in normal arachnoidal cells. The NF1 cDNA 
(clone 88:12) was kindly provided by Dr. F Hannan PhD (New York Medical 
College, Valhalla, NY) (1)  . The NF1 plasmid construct was double-digested with 
Not-I and Sal-I and the NF1 insert was ligated into the linearized retroviral 
vector pBicep-CMV2 (Sigma). The resulting DNA construct was transformed 
and expanded in DH5-alpha cells. Empty vector pBicep-CMV2 and pBicep-
CMV2-NF1 were transiently transfected into normal arachnoidal cells using 
Lipofectamine 2000. The level of NF1 expression was assessed by real-time 
PCR. NF1 ectopic expression was increased >100 fold compared to the empty 
vector control (data not shown).  
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Task 4 - Test FDA approved drug libraries to identify drug combinations 
that show synergistic inhibition in MPNST. 

A) Ionizing radiation in combination with mTOR inhibitors. The current 
treatments of MPNST involve surgery following radiotherapy and 
chemotherapy. To test if human MPNST cells proliferation is regulated by 
radiation in vitro we submitted MPNST cell to different doses of ionizing 
radiation. A significant reduction in cell viability was observed in a dose-
dependent manner in MPNST cells after radiation (Figure 3). Since mTOR 
inhibition radiosensitizes soft tumor sarcoma (2), we reasoned	
   that mTOR 
inhibition would synergize with radiation in MPNST cells. In addition, 
hyperactivation of mTOR is observed in human MPNST samples and normal 
cells with NF1 overexpression (3). On the other hand, blocking mTOR signaling 
with Rapamycin decreased cell proliferation in MPNST cells in vitro and in 
xenograft nude mice, suggesting that mTOR signaling is critical to MPNST 
harboring NF1 mutations growth (4, 5). Therefore, we first determined the half 
inhibitory concentration (IC50) for Rapamycin and RAD001 (Everolimus), two 
mTOR inhibitors FDA approved drugs, in human MPNST cells (Figure 4, Table 
3). Ionizing radiation (12 Gy) in combination with pharmacological mTOR 
signaling inhibition, Rapamycin or RAD001 at 25% of IC50, significantly reduces 
cell proliferation when comparing with single treatment (Figure 5). Finally, to 
confirm that mTOR signaling interacts directly with ionizing radiation rather than 
an off-target effect of Rapamycin or RAD001, we used RNA interference-
mediated mTOR gene silencing in human MPNST cells. Using Western blot 
analysis we confirmed the down-regulation of mTOR protein expression 
induced by two different RNA interference sequences (Figure 6A). mTOR gene 
silencing plus radiation (12 Gy) diminished MPNST cell proliferation (Figure 6B). 
These experiments confirm by two different approaches, pharmacological and 
genetically, that mTOR synergism with radiation in MPNST cells. 
 
B) Screening of 542 FDA approved compounds indentifies drugs that 
show synergy with mTOR inhibitors. Cell-based screen is a valuable tool to 
identify novel compound with anti-tumoral activity. Notably, this method 
accelerates drug discovery for neglected or rare diseases. We used two FDA 
approved libraries (NINDS: National Institute of Neurological Disorders and 
Stroke; and NCI: National Cancer Institute – Approved Oncology Drug Set III) 
and analysis cell proliferation was performed in combination with Rapamycin or 
RAD001 at 25% of their IC50. Table 4 describes the protocol used in the cell-
based screen (6). In brief, NF90.8 cells were seeded (1,000 cells/well) in 96-
well plates, allowed to attach for 1 day, treated with libraries compounds and 
Rapamycin or RAD001, and analyzed for cell viability daily with a fluorescence-
based assay (Alamar Blue, Invitrogen). We screened a collection of 542 
compounds (4 µM) in combination with mTOR inhibitors (Rapamycin or 
RAD001 at 25% of IC50) (Figure 7). Twenty two compounds exhibited synergism 
with mTOR inhibitors, decreasing more than 50% of cell viability when 
combined with mTOR inhibitors. We selected 10 of these 22 compounds for 
further study, based on their ability to decrease cell viability in two additional 
human MPNST cell lines (sNF96.2 and T265-2C cells). Upon retesting, 3 of 10 
compounds showed consistent evidence of selective toxicity in MPNST cells 
(table 5). 
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 Recently, a new study was presented of tumor cell lines harboring NF1 
mutation showing a strong sensitivity to bortezomib, a proteasome inhibitor 
used to treat multiple myeloma and lymphoma (7, 8). This finding has an 
important clinical implication, since mutated cancer genes are potent 
biomarkers for responses to targeted agents. Therefore, we focused on 
bortezomib and further characterized the interaction between bortezomib and 
mTOR in MPNST cells. Bortezominb reduced significantly the chymotrypsin-like 
activity of the 20S proteasome in a fluorescence cell-based assay (Proteasome-
Glo, Promega) in NF90-8 and T265-2C cells (Figure 8). Testing the half 
inhibitory concentration (IC50) for bortezomib in combination with different doses 
of Rapamycin or RAD001, we observed a consistent decrease in the IC50 
values for bortezomib (Figure 9 and Table 6). Bortezomib at 25% of IC50 
reduces the IC50 for Rapamycin or RAD001 in NF90.8 and T265-2C (data not 
shown). 
 As showed in Figure 10, the synergy between mTOR inhibitors and 
bortezomib was confirmed using the Chou-Talalay algorithm for drug 
combination (9). The calculation analysis results in a combination index (CI) 
which offers a quantitative definition for additive effect (CI = 1), synergism (CI < 
1), and antagonism (CI > 1) in drug combinations studies (9). The Chou-Talalay 
algorithm helps us answer the following primary questions: (a) Are there any 
synergisms? (b) How much synergism? (c) Synergism at what dose levels? 
Hence, as showed in figure 10, using the Chou-Talalay algorithm we 
determined the best concentration of bortezomib and mTOR inhibitors for 
further combinations with radiation. 

 
C) Dual targeting of proteasome and mTOR signaling associated with 
radiotherapy in MPNST cells in vitro. 
Drug combination (RAD001 and bortezomib) associated with ionizing radiation 
reduces human MPNST cell viability (Figure 11). Cell cycle analysis using 
propidium iodide DNA staining reveals the enhancement of SubG1 fraction after 
drug combination and radiation in NF90.8 and T265-2C cell line (Table 7). The 
augmented SubG1 fraction strongly suggested that these cells are trigged to 
apoptosis after drug treatment. Therefore, we performed a protein expression of 
apoptosis regulators, as well cleaved-PARP, an apoptotic marker and one of 
the major targets of caspase-3. Although drug combination and radiation 
differently regulates cell proliferation, protein expression suggested that 
radiation induces a more substantial alteration in protein expression, decreasing 
the anti-apoptotic protein BCL-xL and enhancing the pro-apoptotic protein BAX 
and the apoptosis marker cleaved-PARP (Figure 12). 
 
 
Task 5 - Dual targeting of proteasome and mTOR signaling associated 
with radiotherapy in MPNST cells in vivo. 
A) Small Animal Radiation Research Platform is a suitable method to 
study the effect of ionizing radiation in MPNST xenograft tumor. Tumor 
xenotransplantation in nude mice is a robust model to assay the efficacy of drug 
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and radiation treatments in vivo. Here, we first tested the influence of local 
ionizing radiation in NF90.8 and sNF96.2 cells implanted in the left and right 
flank in female nude mice. Ten days after tumor implantation ionizing radiation 
was performed in tumor using Small Animal Radiation Research Platform 
(SARRP), which mimics the isocentric external-beam treatment machine used 
to deliver image-guided radiotherapy for humans (10). Right tumor in xenograft 
nude mice was irradiated, while the left tumor was used as control. In brief, a 
CT-SPOT with 2.3 mm (Beeley) was used to identify the tumor in the animal 
microcomputer tomography (CT) systems. Next, the tumor was subjected to 20 
Gy in a single dose 4 mm below the mouse skin (Figure 13A). Figure 13B 
shows a representative image of sNF96.2 and NF90.8 obtained in the in vivo 
animal imaging system (Xenogen IVIS) 11 weeks after tumor implantation. 
Irradiated tumors presented slower growth than control, showing that radiation 
is a suitable strategy to test drug combination plus radiation in MPNST growth 
in xenograft mice (Figure 13C). 
B) In vivo toxicity test of drug combination. Next, we tested whether 
bortezomib associated with RAD001 promotes general toxicity in mice. 
Bortezomib was administered intraperitoneally twice per week at 50% (0.65 
mg/m2), 75% (0.97 mg/m2), and 100% (1.3 mg/m2) of MTD in combination with 
RAD001 administrated orally 5 times per week at 75% (1.5 mg/kg) of MTD. 
Body mass was assessed three times a week and showed that drug 
combination was well tolerated with no significant weight loss in none of the 
animal groups (Figure 14A). 
C) Drug combination associated with radiation decrease MPNST tumor 
growth in xenograft nude mice. Encouraged by our results from drug 
combination in vitro and the well-tolerated drug combination in vivo we tested 
the efficacy of treatment of RAD001 (1.5 mg/Kg; 5 days/week) plus bortezomib 
(1.3 mg/m2; 2 days/week) associated with a single dose of local ionizing 
radiation (10 Gy) in MPNST tumor growth in xenograft implanted nude mice. 
Female nude mice bearing NF90.8 tumor in the right flank were randomized in 6 
groups: Control (n=4); bortezomib + RAD001 (n=4); Ionizing radiation (RT) 
(n=5); RT + bortezomib (n=5); RT + RAD001 (n=5); and RT + bortezomib + 
RAD001 (n=5). As showed in figure 14B, after 9 weeks of treatment all 
combination therapy decreased tumor growth, with a pronounced effect in the 
group RT + bortezomib + RAD001, suggesting that multiples signaling 
pathways should be target to decrease MPNST growth in vivo. Therefore, our 
study revealed promising synergistic effect between mTOR inhibitors and 
bortezomib. 
 
 
KEY RESEARCH ACCOMPLISHMENTS 

1. We established new MPNST cell lines from surgical specimens. 
2. We developed NF1 isogenic cells appropriated for screening of anti-

neoplastic FDA approved drugs and also to understand the molecular 
mechanism associated with NF1 tumorigenesis. 

3. We have identified a new therapy combination that reduces MPNST cell 
growth in vitro and in vivo. 
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REPORTABLE OUTCOMES 
 We indentify FDA approved drugs that are currently in use in clinical 
practice and in combination are more effective in MPNST growth suppression 
than single drug treatment. 
 
CONCLUSION 
 Our investigation shows that mTOR inhibitor in combination with radiation 
and bortezomib are more efficient in diminishing human MPNST cells growth in 
vitro and in vivo, compared to either treatment alone. These results might 
provide a clinical relevant therapeutic option suggesting a strong rationale for 
treatment of human MPNTs. 
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SUPPORTING DATA 

 

	
  

 

Table 1. MPNST cells established at Johns Hopkins and obtained from outside 
collaborators. 
MPNST Cell Source Reference 

2010-013 Johns Hopkins Hospital Present study 
2011-005 Johns Hopkins Hospital Present study 
2011-007 Johns Hopkins Hospital Present study 
2011-008 Johns Hopkins Hospital Present study 
JHH528 Johns Hopkins Hospital Present study 
NF90.8 Dr Michael Tainsky, Wayne University, 

Detroit, MI 
(11) 

ST88-14 Dr Michael Tainsky, Wayne University, 
Detroit, MI 

(11) 

STS26T Dr Steven Porcelli, Albert Einstein College of 
Medicine, Bronx, NY 

(12) 

T265-2C Dr Steven Porcelli, Albert Einstein College of 
Medicine, Bronx, NY 

(12) 

sNF96.2 ATCC (cat n. CRL-2884) (13) 
 

 

 

Figure 1. MPNST cell 
morphology characteristic of 
MPNST cells growing in 
culture. The 2010-013 cells 
growing in monolayer are 
observed.  
 



	
   12	
  

 

 

 

Table 2. IC50 values for MPNST cells with constitutive NF1 knockdown compared to the 
control (shRNA-GFP) 
Compounds Target shRNA-GFP shRNA-NF1 
  IC50 (µM) / R2 IC50 (µM) / R2 
Tandutinib PDGFR, FLT3, c-Kit 120 / 0.93 52 / 0.90 
Lapatinib EGFR, Erb/Her 7.5 / 0.98 6 / 0.91 
Gefitinib EFGR 20 / 0.93 16 / 0.99 
Rapamycin mTOR 13 / 0.96 13 / 0.91 
Sunitinib VEGF, PDGFβ, c-Kit 11.5 / 0.98 16 / 0.93 
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Figure 3. Ionizing radiation inhibits proliferation in MPNST cells. (A) Human MPNST cells 
were submitted to different doses of ionizing radiation Gammacell 1000 (2.24 Gy/min; radiation 
source: Caesium137), seeded (1000 cells/well) in quadruplicate in 96-well plate and cell 
proliferation were assessed by Alamar blue assay. (B) Graphic representation of growth 96 
hours after ionizing radiation. The data are the mean ± standard deviation. *** p<0.001 vs 0 Gy. 
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Figure 4. IC50 values in response to Rapamycin or RAD001 in human MPNST cell lines. 
MPNST cells were seeded (1000 cells/well) in triplicate in 96-well plate, treated with different 
concentrations of Rapamycin or RAD001 and analyzed by Alamar blue assay. The drug half 
inhibitory concentration (IC50) value was calculated at 72 hours after drug exposure. IC50 assays 
were analyzed using GraphPad Prism software. Data are represented as average ± standard 
deviation of three independent experiments performed in triplicate. 

	
  

	
  

Table 3. IC50 values in response to mTOR inhibitors. 
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Figure 5. Anti-proliferative effects of in mTOR inhibitor and ionizing radiation in MPNST 
cell lines. (A) Human MPNST cells were submitted to ionizing radiation (12 Gy) (Gammacell 
1000; 2.24 Gy/min; radiation source: Caesium137), seeded (1000 cells/well) in quadruplicate in 
96-well plate, and treated with Rapamycin (25% of IC50) or RAD001 (25% of IC50) and cell 
growth were assessed by Alamar blue assay. * p<0.05 vs control; ** p<0.01 vs control; *** 
p<0.001 vs control; # p<0.05 vs 12 Gy; ## p<0.01 vs 12 Gy; ### p<0.001 vs 12 Gy. 
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Figure 6. Anti-proliferative effects of in mTOR silence and ionizing radiation in MPNST 
cell lines. (A) Human MPNST cells were transfected with siRNA-GFP, siRNA mTOR13, or 
siRNA mTOR19 (10 nM for NF90.8 and 5 nM for T265-2C and ST88-14 cells), submitted to 
ionizing radiation (12 Gy) (Gammacell 1000; 2.24 Gy/min; radiation source: Caesium137), 
seeded (1000 cells/well) in 96-well plate, and cell growth were assessed by Alamar blue assay. 
** p<0.01 vs control; *** p<0.001 vs control; ## p<0.01 vs 12 Gy; ### p<0.001 vs 12 Gy. (B) Total 
protein lysates (50 µg) from MPNST cells was separated by SDS-PAGE and analyzed by 
Western blot for mTOR and GAPDH, which was used as a loading control. 
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Table 4. Cell-based screening protocol. 

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Libraries

-100

-50

0

50

100

Fo
ld

 C
ha

ng
e 

(%
 o

f C
on

tr
ol

)

Libraries + RAD001

-100

-50

0

50

100

Fo
ld

 C
ha

ng
e 

(%
 o

f C
on

tr
ol

)

Libraries + Rapamycin

-100

-50

0

50

100

Fo
ld

 C
ha

ng
e 

(%
 o

f C
on

tr
ol

)

Rapamycin

DMSO Rapamycin
0

40

80

120
**

Vi
ab

le
 c

el
ls

 (%
)

RAD001

DMSO RAD001
0

40

80

120
*

Vi
ab

le
 c

el
ls

 (%
)

Step	
  	
  	
  	
   Parameter	
   	
  	
   Values	
  	
   	
  	
   Description	
  

1	
  
	
  

Plate	
  cell	
  
	
  

1000	
  cells/well	
  in	
  96	
  well	
  
plate	
  

	
  
NF96.8	
  human	
  MPNST	
  cell	
  line	
  

2	
  
	
  

Dilute	
  NINDS	
  and	
  NCI	
  
libraries	
  

	
  
400	
  µM	
  final	
  concentration	
  

	
  
Use	
  DMSO	
  as	
  a	
  diluent	
  

3	
  
	
  

Add	
  libraries	
  compounds	
  
	
  

4	
  µM	
  final	
  concentration	
  
	
   	
  4	
  

	
  
Add	
  Alamar	
  Blue	
  reagent	
  

	
  
20	
  µL	
  

	
  
Alamar	
  Blue	
  reagent	
  (Invitrogen)	
  

5	
  
	
  

Assay	
  readout	
  
	
  

72h	
  after	
  treatment	
  
	
  

Analysis	
  the	
  fluorescence	
  intensity	
  in	
  
Victor-­‐3	
  plate	
  reader	
  (Perkin-­‐Elmer)	
  

6	
   	
  	
   Data	
  analysis	
   	
  	
  
Results	
  express	
  as	
  fold	
  
change	
  vs	
  DMSO	
  group	
   	
  	
   Use	
  Excel	
  spreadsheets	
  	
  

	
  

Figure 7. Cell-based drug 
screen identify compound 
with synergistic effect with 
mTOR inhibitors. (A) Cell-
based screening was 
performed as described in 
Table 4. Inset shows the effect 
of mTOR inhibitors in cell 
proliferation. Each dot 
represents one compund. Data 
represented as fold change vs. 
control group.	
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Table 5. IC50 values to test the synergism between hits and mTOR inhibitors.  

 

NF90.8	
  

Compounds	
   	
  	
   Target(s)	
   	
  	
  
Drug	
  

(µM)/R2	
  
	
  

Drug	
  +	
  Rapamycin	
  
(25%	
  of	
  IC50)	
  
(µM)/R2	
  

	
  

Drug	
  +	
  RAD001	
  
(25%	
  of	
  IC50)	
  

(µM)/R2	
  

Saquinavir	
  
	
  

protease	
  inhibitor	
  
	
  

46.6/0.99	
  
	
  

45.2/0.97	
  
	
  

48.4/0.99	
  

Ifenprodil	
  
	
  

N-­‐methyl-­‐d-­‐aspartate	
  (NMDA)	
  
receptors	
  

	
  
198.3/0.98	
  

	
  
267.70.98	
  

	
  
187.6/0.96	
  

Rosiglitazone	
  
	
  

PPAR	
  gamma	
  agonist	
  
	
  

576.2/0.84	
  
	
  

1150/0.94	
  
	
  

684.5/0.89	
  

DCA	
  
	
  

pyruvate	
  dehydrogenase	
  
kinase	
  	
  

	
  
>1000	
  

	
  
ND	
  

	
  
ND	
  

Toremifene	
  
	
  

estrogen	
  receptor	
  modulator	
  
	
  

34.6/0.99	
  
	
  

19.0/0.97	
  
	
  

20.1/0.99	
  
Riluzole	
  

	
  
inhibitor	
  of	
  glutamate	
  release	
  

	
  
91.4/0.99	
  

	
  
72.7/0.94	
  

	
  
72.7/0.96	
  

Lapatinib	
  
	
  

EGFR	
  and	
  ERBB2	
  
	
  

9.6/0.98	
  
	
  

16.0/0.97	
  
	
  

12.8/0.98	
  
Vandetanib	
  

	
  
EGFR,	
  RET,	
  VEGFR	
  

	
  
59.4/0.97	
  

	
  
60.5/0.94	
  

	
  
62.8/0.96	
  

Pazopanib	
   	
  	
   VEGFR,	
  PDGF,	
  c-­‐KIT	
   	
  	
   20.1/0.97	
   	
  	
   44.4/0.93	
   	
  	
   37.3/0.93	
  
	
  

	
  

T265-­‐2C	
  

Compounds	
   	
  	
   Target(s)	
   	
  	
  
Drug	
  

(µM)/R2	
  
	
  

Drug	
  +	
  Rapamycin	
  
(25%	
  of	
  IC50)	
  
(µM)/R2	
  

	
  

Drug	
  +	
  RAD001	
  
(25%	
  of	
  IC50)	
  

(µM)/R2	
  

Toremifene	
  
	
  

estrogen	
  receptor	
  modulator	
  
	
  

22.6/0.99	
  
	
  

18.1/0.99	
  
	
  

21.0/0.99	
  

Riluzole	
   	
  	
   inhibitor	
  of	
  glutamate	
  release	
   	
  	
   106.5/0.96	
   	
  	
   80.9/0.96	
   	
  	
   119.3/0.95	
  

	
   	
   	
   	
   	
   	
   	
   	
  

	
  
	
  

	
   	
   	
   	
   	
   	
   	
   	
   	
  sNF96.2	
  

Compounds	
   	
  	
   Target(s)	
   	
  	
  
Drug	
  

(µM)/R2	
  
	
  

Drug	
  +	
  Rapamycin	
  
(25%	
  of	
  IC50)	
  
(µM)/R2	
  

	
  

Drug	
  +	
  
RAD001(25%	
  of	
  
IC50)	
  (µM)/R2	
  

Toremifene	
  
	
  

estrogen	
  receptor	
  modulator	
  
	
  

22.1/0.99	
  
	
  

12.9/0.97	
  
	
  

11.2/0.99	
  

Riluzole	
   	
  	
   inhibitor	
  of	
  glutamate	
  release	
   	
  	
   97.3/0.84	
   	
  	
   94.5/0.97	
   	
  	
   97.9/0.97	
  
Half inhibitory concentration was analyzed as describe in figure 4. ND: not determine. DCA: 
Dichoroacetate. 
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Figure 8. Bortezomib inhibits 
proteasome activity in MPNST 
cells. NF90.8 and T265-2C cells 
were seeded (10,000 cells/well) in 
triplicate in 96-well plate, treated with 
different concentrations of 
bortezomib and 4 hours after 
treatment chymotrypsin-like activity 
of the 20S proteasome was 
measured in a fluorescence cell-
based assay as recommended by 
manufacturer (Proteasome-Glo, 
Promega). RLU: Relative light units. 
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Figure 9. IC50 values in response to bortezomib in combination with different 
concentrations of Rapamycin or RAD001 in human MPNST cell lines. NF90.8 and T265-2C 
cells were seeded (1000 cells/well) in triplicate in 96-well plate, treated with different 
concentrations of bortezomib plus rapamycin or RAD001 at the indicated concentration and cell 
growth was analyzed by Alamar blue assay. The drug half inhibitory concentration (IC50) value 
was calculated at 72 hours after drug exposure. IC50 assays were analyzed using GraphPad 
Prism software. 
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Table 6. IC50 values in response to bortezomib plus mTOR inhibitors. 

	
   	
   MPNST	
  cell	
  lines	
  
	
   	
   NF90.8	
  (nM)	
   T265-­‐2C	
  (nM)	
   sNF96.2	
  (nM)	
  

Control	
   -­‐	
   80.5	
   53.7	
   95.1	
  
Rapamycin	
  
(%	
  of	
  IC50)	
  

25	
   32.8	
   32.9	
   45.5	
  
50	
   10.1	
   8.9	
   9.6	
  
75	
   4.6	
   3.0	
   3.6	
  

RAD001	
  
(%	
  of	
  IC50)	
  

25	
   57.8	
   37.0	
   79.4	
  
50	
   27.2	
   27.5	
   51.7	
  
75	
   19	
   22.0	
   28.2	
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Figure	
   10.	
   Synergistic	
  
activity	
   of	
   mTOR	
  
inhibitors	
   and	
  
bortezomib	
   in	
  MPNST	
  
cells.	
   NF90.8	
   was 
treated as described in 
figure 9 and 
combination index was 
calculated using the 
method of Chou and 
Talalay.	
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Figure	
   11.	
   Drug	
   combination	
   in	
  
association	
   with	
   radiation	
  
decreases	
   MPNST	
   cell	
   viability.	
  
MPNST cells were submitted to 
ionizing radiation (4 Gy) 
(Gammacell 1000; 2.24 Gy/min; 
radiation source: Caesium137),	
  
seeded (1000 cells/well) in 
quadruplicate in 96-well plate, 
treated with bortezomib (5nM) 
plus Rapamycin (50% of IC50) or 
RAD001 (50% of IC50) and after 
96 hours cell growth was 
assessed by Alamar blue assay. 
(B) NF90.8 and T265-2C cells 
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Table	
  7.	
  Drug	
  combination	
  associated	
  with	
  ionizing	
  radiation	
  regulates	
  cell	
  cycle	
  in	
  MPNST	
  cells.	
  

NF90.8	
  
	
   	
   SubG1	
   G0/G1	
   S	
   G2/M	
  
0	
  Gy	
   Control	
   8	
  ±	
  0.9	
   42	
  ±	
  1.8	
   23	
  ±	
  2.9	
   27	
  ±	
  0.7	
  
	
   Bortezomib	
   8	
  ±	
  0.6	
   47	
  ±	
  0.2	
   22	
  ±	
  0.7	
   23	
  ±	
  1.1	
  
	
   RAD001	
   4	
  ±	
  1.1	
   59	
  ±	
  0.8	
   18	
  ±	
  1.9	
   18	
  ±	
  2.0	
  
	
   Combination	
   16	
  ±	
  1.1	
   31	
  ±	
  0.7	
   15	
  ±	
  1.1	
   38	
  ±	
  0.2	
  
2	
  Gy	
   Control	
   8	
  ±	
  0.3	
   50	
  ±	
  1.7	
   17	
  ±	
  0.8	
   26	
  ±	
  1.6	
  
	
   Bortezomib	
   14	
  ±	
  3.3	
   41	
  ±	
  0.9	
   19	
  ±	
  0.6	
   27	
  ±	
  2.8	
  
	
   RAD001	
   5	
  ±	
  0.5	
   50	
  ±	
  1.0	
   18	
  ±	
  2.1	
   27	
  ±	
  1.0	
  
	
   Combination	
   22	
  ±	
  4.7	
   33	
  ±	
  2.4	
   14	
  ±	
  0.9	
   31	
  ±	
  1.7	
  

	
  

T265-­‐2C	
  
	
   	
   SubG1	
   G0/G1	
   S	
   G2/M	
  
0	
  Gy	
   Control	
   5	
  ±	
  1.7	
   63	
  ±	
  1.1	
   13	
  ±	
  0.2	
   19	
  ±	
  0.8	
  
	
   Bortezomib	
   8	
  ±	
  1.8	
   48	
  ±	
  1.7	
   11	
  ±	
  1.4	
   33	
  ±	
  1.8	
  
	
   RAD001	
   1±	
  0.4	
   73	
  ±	
  0.4	
   11	
  ±	
  0.5	
   15	
  ±	
  0.6	
  
	
   Combination	
   13	
  ±	
  1.4	
   31	
  ±	
  1.0	
   12	
  ±	
  1.1	
   43	
  ±	
  1.2	
  
2	
  Gy	
   Control	
   4	
  ±	
  0.5	
   59	
  ±	
  1.1	
   14	
  ±	
  1.1	
   23	
  ±	
  0.3	
  
	
   Bortezomib	
   14	
  ±	
  1.2	
   41	
  ±	
  2.2	
   15	
  ±	
  4.7	
   31	
  ±	
  4.1	
  
	
   RAD001	
   3	
  ±	
  0.5	
   70	
  ±	
  1.1	
   8	
  ±	
  1.6	
   19	
  ±	
  0.6	
  
	
   Combination	
   18	
  ±	
  1.4	
   32	
  ±	
  2.5	
   14	
  ±	
  7.5	
   36	
  ±	
  6.6	
  

NF90.8	
  and	
  T265-­‐2C	
  cell	
  were	
  submitted to ionizing radiation (2 Gy) (Gammacell 
1000; 2.24 Gy/min; radiation source: Caesium137), treated with bortezomib (5 
nM) plus RAD001 (50% of IC50) and after 48 hours cells were stained with 
propidium iodide and analyzed in flow cytometry (Facs Calibur, BD Bioscience) 
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Figure	
   12.	
   Drug	
   combination	
   in	
  
association	
  with	
  radiation	
  regulates	
  
apoptotic	
   proteins.	
   NF90.8	
   cell	
   line	
  
was	
  submitted to ionizing radiation (2 
Gy) (Gammacell 1000; 2.24 Gy/min; 
radiation source: Caesium137), 
treated with bortezomib (5 nM) plus 
RAD001 (50% of IC50) and after 48 
hours total protein lysates cells were 
separated by SDS-PAGE and 
analyzed by Western blot for PARP, 
cleaved-PARP, BAX, BCL-xL and 
GAPDH, which was used as a 
loading control.	
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Figure	
   13. In vivo radiation and MPNST xenograft tumor growth in nude mice. (A) A 
representative picture showing CT-SPOT to identify the tumor in the animal microcomputer 
tomography (CT) systems. (B) Xenogen Ivis imaging system showing representative nude mice 
implanted with sNF96.2 or NF90.8 human MPNST cell lines. ROI: region of interesting showing 
luminescence quantification. (C) Tumor growth curve assessed by non-invasive luminescence 
in vivo assay in xenograft MPNST models. Arrow indicates the single dose of radiation (20 Gy).	
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Figure	
  14.	
  Toxicity	
  assay	
  and	
  drug	
  combination	
  associated	
  with	
  ionizing	
  radiation	
  in	
  MPNST	
  
xenograft	
  tumor	
  in	
  nude	
  mice.	
  (A)	
  Nude	
  mice	
  were	
  randomized	
  in	
  four	
  groups	
  and	
  drugs	
  were	
  
administered	
  as	
  described	
   in	
   the	
   figure.	
  Body	
  mass	
  was	
  measured	
   three	
   times	
  per	
  week.	
   (B)	
  
NF90.8	
  tumor	
  was	
  implanted	
  in	
  nude	
  mice	
  and	
  tumor	
  volume	
  was	
  measured	
  over	
  time.	
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