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Abstract: Patients with Neurofibromatosis type 1 (NF1) and Neurofibromatosis type 2 (NF2) are predisposed to tu-
mors of the nervous system. NF1 patients predominantly develop neurofibromas, and Malignant Peripheral Nerve
Sheath Tumors (MPNST) while NF2 patients develop schwannomas and meningiomas. Here we quantified the drug
sensitivities of NF1 and NF2 tumor cell lines in a high throughput platform. The platform contained a comprehensive
collection of inhibitors of MEK, RAF, RAS, farnesyl transferase, PAK and ERK, representative drugs against many
other cancer pathways including Wnt, Hedgehog, p53, EGF, HDAC, as well as classical cytotoxic agents recom-
mended for treating MPNST, such as doxorubicin and etoposide. We profiled seven NF1-associated MPNST cell lines
(ST88-14, ST88-3, 90-8, sNF02.2, T265, S462TY, SNF96.2), one sporadic MPNST cell line (STS26), one schwan-
noma from a NF2 patient (HEI193), one NF2-deficient malignant meningioma (KT21-MG-Luc5D), one mouse NF2
schwannoma (SC4) and one sporadic rat schwannoma (RT4-67 or RT4). NF1 cells were primarily distinguished from
NF2 cells and the sporadic MPNST cell line by their sensitivity to MEK and ERK inhibitors, and to a smaller extent
their sensitivity to BH3 mimetics and farnesyl transferase inhibitors. The platform was highly successful in predict-
ing the effects of clinical trials for Neurofibromas.

Keywords: HTS, high throughput screen, signal transduction, von Recklinghausen disease, heat map, Spearman’s
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Introduction matosis type 1 (NF1). The overall incidence of

MPNST in the general population is 1/100,000

Neurofibromatosis type 1 and neurofibromato-
sis type 2 are genetic disorders characterized
by tumors of the nervous system. NF1 patients
predominantly develop neurofiboromas and
Malignant Peripheral Nerve Sheath Tumors
(MPNST) while NF2 patients develop schwan-
nomas and meningiomas. While most of these
tumors are benign, they cannot always be surgi-
cally resected and can sometimes become
malignant.

From 30 to 50% of individuals with NF1 develop
benign peripheral nerve sheath tumors, called
plexiform neurofioromas (PNFs), which may
transform to MPNST [1]. MPNST are a relatively
rare sarcoma that can occur sporadically, but
about half occur in patients with Neurofibro-

but the lifetime risk of MPNST for NF1 patients
is 8-13% [2, 3]. MPNST are aggressive high
grade sarcomas, with a high probability of local
recurrence and distant metastasis [3]. MPNST
patients have a 5-year survival rate of just 35%-
50%, even with aggressive surgery and chemo-
therapy. In general, standard sarcoma treat-
ment regimens are adapted for chemotherapy
for MPNST, including surgical excision with radi-
ation and chemotherapy with agents such as
doxorubicin and ifosfamide, although MPNST
do not respond well to cytotoxic chemotherapy
[4]. To date, there have been no controlled trials
for MPNST chemotherapy, so the effectiveness
of chemotherapeutic agents for MPNST have
been difficult to evaluate [5].
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The predominant risk factor for MPNST is a
diagnosis of NF1. NF1 is a dominantly inherit-
ed, tumor prone autosomal disorder with a
worldwide incidence of 1 in 2500 [6]. Patients
with NF1 have a life expectancy that is reduced
by 10-15 years [2]. NF1 is caused by a mutation
in the tumor suppressor NF1, which is located
at 179g11.2. NF1 patients are born with a loss-
of-function mutation in NF1. When Schwann
cells acquire sporadic mutations in the other
chromosomal copy, they initiate a benign tumor
called a neurofibroma. If neurofibromas accu-
mulate additional mutations in other genes
including p53, CDKN2A, EED or SUZ12 the
tumor can transform to a MPNST [7, 8]. The
NF1 gene product is a Ras-GAP called neurofi-
bromin that functions as a negative regulator of
Ras. As a consequence of neurofibromin loss,
NF1-tumors have elevated levels of GTP-bound
Ras and most research efforts to identify drugs
have focused on Ras and its signaling
pathways.

The predominant risk for schwannomas is neu-
rofiboromatosis type 2, a genetic disorder
caused by mutations in NF2. Multiple schwan-
nomas are a diagnostic criterion for NF2 and
most sporadic schwannomas also have muta-
tions in NF2. NF2 is located on a different chro-
mosome than NF1, chromosome 22, and en-
codes a cytoskeletal protein that is a member
of the ERM family of cytoskeletal proteins,
called merlin. Merlin inactivates Pak kinases
through direct interaction [9-11]. Merlin also
interacts with Ex and KIBRA to activate Hippo
signaling [12, 13].

There have been several large scale projects to
characterize the drug sensitivities of cancer
cell lines. The first was the National Cancer
Institute 60 cell line panel [14], while more
recently surveys were initiated at GlaxoSmith-
Kline [15], the Broad Institute and the Sanger
Institute. Three of these groups periodically
release data about compounds and cells. The
Broad Institute created The Cancer Cell Line
Encyclopedia (CCLE), and through The Cancer
Therapeutics Response Portal currently lists
860 cell lines tested with 481 anticancer drugs
[16] while the Sanger Institute’s Genomics of
Drug Sensitivity in Cancer project (GDSC) lists
1074 cancer cell lines tested with 265 drugs
[17], and GlaxoSmithKline project tested 311
cell lines. However, none of these profiling proj-
ects systematically profiled the cell lines com-
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monly used in MPNST studies and many drugs
under investigation for MPNST are not in their
drug panels. One recent study analyzed two
MPNST cell lines, only one of which was from
and NF1 patient and none were from any NF2
patients [18].

Here, we surveyed the most commonly studied
MPNST cell lines against a panel of 130 highly
relevant drugs to NF1 and NF2. Most drugs in
clinical use or in clinical trials for NF1 and NF2
were on the panel. Our drug panel included a
comprehensive set of small molecule inhibitors
of RAS signaling, PAK kinase inhibitors, repre-
sentative probes against many other cancer
pathways and classical cytotoxic agents such
as doxorubicin and ifosfamide. We tested the
drugs in a 384 well high throughput format
at eight concentrations against seven NF1-
associated MPNST cell lines (ST88-14, ST88-3,
90-8, sNF02.2, T265, S462TY, SNF96.2), one
sporadic MPNST cell line (STS26), one schwan-
noma from a NF2 patient (HEI193), one NF2-
deficient malignant meningioma (KT21-MG-
LucbD), one mouse NF2 schwannoma (SC4)
and one sporadic rat schwannoma (RT4-67 or
RT4). We found that some drugs clearly distin-
guished NF1 cells from NF2 cells and the spo-
radic tumor MPNST cell line derived from a
patient that did not have NF1.

Materials and methods
Cell culture

Human NF1-derived MPNST cell lines ST88-14,
T265, 90-8, and the sporadic human MPNST
cell line STS26T were kindly provided by Dr.
Nancy Ratner (University of Cincinnati, Cin-
cinnati, OH, USA). ST88-3, S462TY, sNF02.2,
sNF96.2 and KT21-MG1-Luc5D were provided
by Dr. Jonathan Chernoff (Fox Chase Cancer
Center, Philadelphia, PA, USA). The human
schwannoma cell line, HEI193, which was
immortalized from a NF2 patient [19], and SC4
cells, from NF2-/- mice, were generously pro-
vided by Dr. Marco Giovannini (University of
California, Los Angeles, CA). The rat schwanno-
ma, RT4-67 (RT4), was from Dr. Joseph Kissil
(The Scripps Research Insitute, Jupiter Florida).
ST88-14, T265, STS26T, ST88-3, S462TY,
sNF96.2, sNF94.3, HEI193, KT21-MG1-Luc5D,
SC4 and RT4 cell lines were grown in Dulbecco’s
Modified Eagle’s Medium (DMEM; Gibco, Life
Technologies, NY, USA) supplemented with
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Figure 1. High Throughput Screening (HTS) workflow. A. Cells were plated
in 384 well assay; B. 50 nL of compounds were transferred into each well
via the JANUS Automated Workstation (Perkin ElImer) and then incubated for
72 hrs; C. Luminescence was measured by ATPlite Luminescence Assay; D.
Raw data values were normalized and log-transformed to produce a dose-re-
sponse curve. IC50s were determined to be the concentration of drug tested

that resulted in 50% response.

10% fetal bovine serum (FBS; Sigma-Aldrich,
MO, USA) and 1% Penicillin Streptomycin (P/S;
Gibco, Life Technologies, NY, USA). The 90-8
cell line was grown in RPMI 1640 (Corning, VA,
USA) containing 10% FBS and 1% P/S. Cell lines
were confirmed Mycoplasma negative and
cryobanked.

Drugs and compound management

Drugs were purchased from Selleckchem (Hou-
ston, TX, USA) as stock solutions at a concen-
tration of 10 mM in DMSO. A complete list of
the drugs can be found in Table S1. Forty-four
drugs were arrayed on 384 well plates and an
8-pt serial dilution of each drug was prepared
in 100% DMSO using the Janus Automated
workstation and serial dilution tool (SDT).
Column one of each compound plate contained
100% DMSO as a solvent control. Column two
contained 5 mM doxorubicin as a positive con-
trol for cytotoxicity. Multiple daughter plates for
each source plate were prepared containing 5
ul of compound and stored at -40°C. Each
daughter plate was thawed a maximum of 10
times.

High throughput profiling

Figure 1 shows an overview of the screening
workflow. 2000 cells were plated in a volume of
25 yl per well of 384-well microplates (Corning
3707) using a Multidrop™ Combi Reagent
Dispenser (Thermo Scientific) and allowed to
attach overnight at 37°C, 5% CO, in a humidi-
fied chamber (Figure 1A). Drugs (50 nL) were
transferred to assay plates using a 384 W, 50
nL slotted pin tool (V&P Scientific) and a JANUS
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. bated for 72 hours at 37°C,

Log [uM] 5% CO,. Cell viability was me-

asured using the ATPlite Lu-
minescence Assay (Perkin-
Elmer). Assay plates were re-
moved from the incubator for
1 hour to equilibrate to room
temperature prior to adding
25 pL of ATPlite. Luminesc-
ence was measured on an
EnVision Xcite Multilable Plate Reader (Per-
kinElmer), using the ultrasensitive lumines-
cence measurement technology (Figure 1C).

Data analysis

The raw values of the DMSO and doxorubicin
treated wells on each assay plate were aggre-
gated and used to calculate z'-factors, as a
measure of assay performance and data quali-
ty, with a z'-factor > 0.5 representing accept-
able data. Raw data values of test wells were
normalized to aggregate DMSO and doxorubi-
cin plate control wells and expressed as nor-
malized percent inhibition (NPI = ((DMSOan-Test
weII)/(DMSOan-Doxorubicinavg) x 100)). A non-
linear fit with variable slope (GraphPad Prism 7)
of Normalized Percent Inhibition and log10
concentration values was used to define IC50
values for each drug cell line combination
(Figure 1D). Heat maps were also generated in
GraphPad Prism.

Results and discussion
A database of drug sensitivity of MPNST cells

We profiled seven NFl-associated MPNST cell
lines (ST88-14, ST88-3, 90-8, sNF02.2, T265,
S462TY, SNF96.2), one sporadic MPNST cell
line (STS26), one schwannoma from a NF2
patient (HEI193), one NF2-deficient malignant
meningioma (KT21-MG-LucbD), one mouse
NF2 schwannoma (SC4) and one sporadic rat
schwannoma (RT4). These are among the most
common cell lines used in NF research. Several
other cell lines were also tested, including
sNF94.3, and human primary Schwann cells,
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Figure 2. Drug sensitivity of NF1 and NF2 cell lines. Heatmap of drug IC50s in seven NF1-associated MPNST cell lines
(ST88-14, ST88-3, 90-8, sNF02.2, T265, S462TY, SNF96.2), one sporadic MPNST cell line (STS26), one schwan-
noma from a NF2 patient (HEI193), one NF2-deficient malignant meningioma (KT21-MG-Luc5D), one mouse NF2
schwannoma (SC4) and one sporadic rat schwannoma (RT4). The IC50s were determined from eight drug concen-
trations and expressed as a heatmap. Drugs are segregated by drug target. Experiments were repeated at least
twice for all cells except S462TY. The most active compounds are blue, while compounds in red are less active.
Inactive compounds were assigned an IC50 of 25 uM (eg. = 25 pM), and highly active compounds were assigned an

IC50 of 0.001 uM (eg. IC50 < 0.001 puM).

but they did not grow well enough to yield ade-
quate z-factors, as a result, the data were
excluded.

Since about half of MPNST occur in patients
with NF1, the drugs in our panel were biased
towards the Ras pathway (Table S1). The two
most druggable Ras pathways are the RAF/
MEK/ERK pathway and the PI3K/AKT/mTOR
pathway. Our panel included a comprehensive
set of inhibitors against RAF (13 drugs), MEK1/
MEK2 (16 drugs), ERK (5 drugs), and multiple
drugs against PI3K, AKT and mTOR. Ras itself
was targeted with farnesyl transferase inhibi-
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tors, deltarasin and salirasib, which prevent
Ras processing and erastin, which induces fer-
roptosis and shows some preference for Ras
tumors. We also tested representative drugs
against many other cancer targets including
EGFR, Wnt, HDAC, bromodomains and classical
chemotherapy agents such as taxols. Many
drugs in our panel are FDA approved for other
cancers, while two, doxorubicin and ifosfamide,
are recommended for MPNST.

Experiments were repeated at least twice for all
cells except S462TY. We used non-linear curve
fitting to calculate IC50s as a quantitative mea-

Am J Cancer Res 2017;7(4):923-934
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Figure 3. Concordance of Drug Sensitivity amongst cell lines and replicates. A. Heat map of Spearman’s rank cor-
relation coefficients between IC50 values for indicated conditions. Warmer colors (red) represent higher correlation
coefficients, while cooler colors (blue) represent lower correlation coefficients. B. Selected comparisons of Spear-
man’s rank correlation coefficients shown in part A. In this analysis, all Spearman’s rank correlation coefficients
were included when multiple runs of the same human cell line were performed. Error bars represent standard error
of the mean. Note that NF1 cell lines compared to each other are almost the same as biological replicates.

sure of cell line responses. Since the IC50 val-
ues of some compounds were extrapolated
outside the concentration range we tested, we
assigned IC50 values to them to indicate the
limitations. In assigning values, inactive or
weakly inhibitory compounds, i.e. failed to
reach 100% inhibition, were assigned an IC50
of 25 uM (eg. IC50 > 25 uM). In contrast, highly
active compounds where the concentration
series failed to titrate away the drugs activity
were assigned an IC50 of 0.001 uM (eg. IC50 <
0.001 uM) (Figure 2). Several potent com-
pounds did not always cause 100% loss of via-
bility at the highest dose, likely due to cytostat-
ic effects rather than cytotoxic effects under
our assay conditions. This was most common
with rapamycin, Docetaxel and Paclitaxel. In
the heat maps, the most active compounds are
blue, while compounds in red are less active.
Drugs were sorted into groups with similar
targets.

We used Spearman’s rank correlation coeffi-
cients (Rs) of the IC50s to compare how
responses differed between cell lines (Figure
3). A heat map of the Spearman’s is shown in
Figure 3A. The mean for replicates of a cell line
was 0.85. This was independent of the assay
system used as comparing ATPlite, resazurin
and cell counting (after DAPI staining) yielded
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Spearman’s rank correlations of 0.83 to 0.88
(data not shown). The NF1 cell lines compared
to each other yielded a mean Rs of 0.82. The
NF1 cell lines compared to NF2 cell lines yield-
ed a Rs of 0.73 and the NF2 vs. NF2 is 0.69,
while the NF1 vs. sporadic is 0.67 and the NF2
vs. sporadic is 0.73 (Figure 3B). Thus, NF1 cell
lines compared to each other are almost as
similar as biological replicates, but differ signifi-
cantly from the NF2 and sporadic cell lines.
NF2 cell lines may be more heterogeneous
than NF1 cell lines as a group.

Several classes of drugs were potent inhibitors
of all cell lines, with IC50s in the nanomolar
range. These include proteasome inhibitors,
HDAC inhibitors, topoisomerase inhibitors,
microtubule destabilizers and, to a smaller
extent, PAK inhibitors. All NF1 cell lines were
sensitive to MEK inhibitors, but these drugs
had little effect on the sporadic or NF2 cell
lines. The bromodomain inhibitor JQ1 was the
only drug in our panel that inhibited both NF1
and NF2 cells, but not the sporadic cell line.
The activity of JQ1 in NF1 MPNST is likely occur-
ing because most MPNST have deletions in
SUZ12 or EED, two Polycomb repressive com-
plex 2 components, which sensitizes cells to
bromodomain inhibitors [7, 8, 20]. However,
there is no known genetic mechanism that

Am J Cancer Res 2017;7(4):923-934
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Figure 4. Distinguishing features between MPNST of different genetic origins. A. Heatmap of MEK inhibitors against
NF1 and NF2 cell lines. NF1 cells are uniformly sensitive to MEK inhibitors whereas MPNST from NF2 do not re-
spond to them. B. Relationship between IC50s of MEK inhibitors in vitro and the IC50s determined by HTS. C. Spear-
man’s rank correlation coefficients between IC50 values for MEK inhibitors alone. D. Spearman’s rank correlation
coefficients between IC50 values for inhibitors excluding MEK inhibitors.

explains the sensitivity of the NF2 cell line to
JQ1.

RAS processing inhibitors were modestly active
in our drug screen. Deltarasin, a PDEJ inhibitor
[24], and Tipifarnib, a farnesyl transferase
inhibitor [22] both showed some activity. Cells
were also sensitive to erastin, a ferroptosis
activator. Though this was originally found to be
specific to Ras mutant cells, erastin causes fer-
roptosis, a specific kind of oxidative cell death,
which may not be that Ras selective [23]. We
noted that these Ras inhibitors were not selec-
tive for the NF1 cells since they were cytotoxic
to the NF2 cells.

RAF inhibitors had more effect on NF1 cell lines
than NF2 cell lines, but even the NF1 cells were
generally resistant to RAF inhibitors as a class.
However, this is not an indication that RAF is a
poor target, but instead a limitation of most of
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the RAF inhibitors. In cells with activated Ras,
most RAF inhibitors cause a phenomenon
called paradoxical hyperactivation of MAPK
[24-26]. Paradoxical activation can be suffi-
ciently high that BRAF inhibitors often cause
secondary tumors, which often have Ras muta-
tions [27-29]. In paradoxical activation, which
occurs in the presence of activated Ras, RAF
inhibitors cause the formation of BRAF/CRAF
heterodimers, which activates cRAF. Parado-
xical activation has been observed in patients
treated with Sorafenib, a RAF inhibitor with
other kinase targets, as well as in patients
treated with more selective inhibitors of BRAF.
The resistance of our NF1 MPNST to Sorafenib,
PLX4720, GW5074, ZM336372, Vemurafenib
and dabrafenib, which cause paradoxical acti-
vation, suggests our cells are prone to paradox-
ical activation [30, 31]. However, several pan-
RAF inhibitors were active in our cells including
AZ628, TAK-632 and LY3009120. All of the

Am J Cancer Res 2017;7(4):923-934
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active drugs are classified as “paradox break-
ers” and were particularly active in the NF1
lines [30, 32]. These results indicate that dual
inhibition of B-RAF and C-RAF is required for
targeting RAF, and that the most effective drugs
will be paradox breakers. New generations of
RAF inhibitors specifically designed to be para-
dox breakers are being developed, which
should be more effective [33].

Most MEK1/MEK2 inhibitors were active in
NF1-associated MPNST, while they had little
activity in the NF2 cell lines and the sporadic
MPNST (Figure 4A). In fact, there was a linear
correlation between the in vitro IC50s to MEK
and the IC50s against NF1 MPNST [34] (Figure
4B). The primary difference in the cell lines is
the extreme sensitivity of the NF1 cells to MEK
inhibitors. Although one human NF2 cell lineg,
KT21-MG was MEK sensitive, it was only com-
parable to the most resistant NF1 cell line.
Omitting MEK from the Spearman’s correla-
tions yielded no differences between NF1 and
NF2 cells, while there was a substantial differ-
ence between NF1 and NF2 cells if only the
MEK inhibitors were analyzed (Figures 4C, 4D,
S1). Of note, Selumetinib is one of the weakest
MEK inhibitors, both in our assays and in vitro,
although it has shown promising results for
unresectable plexiform neurofibromas in chil-
dren and young adults [35, 36]. All NF1 and
NF2 cells except the sporadic line responded to
BI-847325, a dual MEK/Aurora kinase inhibitor.
As aurora kinase is overexpressed in MPNSTs
but not neurofibromas, the dual action of this
inhibitor may be especially potent [37]. The
activity of BI-847325 against the NF2 cell line
may indicate a role for aurora kinase in target-
ing NF2, since the cells are insensitive to MEK
inhibitors.

ERK inhibitor sensitivity followed a pattern simi-
lar to MEK sensitivity. The NF1 cells were the
most sensitive, while the sporadic and NF2 cell
lines were the least sensitive. Cells responded
poorly to MEK5 inhibitors. There was only one
JNK inhibitor, JNK inhibitor IX that was effec-
tive, and the sporadic cell line was among the
cells most effectively inhibited by it.

Most cell lines were sensitive to three PI3K/
mTOR inhibitors, PFO4691502, Torkinib and
especially AZD8055. These three mTOR inhibi-
tors are dual inhibitors of PI3K and MTOR, or
mTORC1 and mTORC2. Only one MPNST cell
line, sNF02.2 is sensitive to rapamycin, alth-
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ough we found several others partially sensi-
tive, likely due to the cytostatic effects of
rapamycin. Rapamycin is selective for mTORC1
and causes feedback activation of Akt, limiting
its effectiveness. Other studies have shown
some activity of PI3K/mTOR inhibitors against
MPNST, generally when combined with MEK
inhibitors [38]. While most other studies tested
only Rapamycin, our screens suggest that
multi-targeted mTOR inhibitors may be more
effective than rapamycin [39].

Pak kinases have been extensively studied in
NF1 and NF2 [9, 11, 40-42]. Most cell lines
responded to Pak1-3 inhibitors. One PAK inhibi-
tor, PF-3758309, was especially potent to most
MPNST cells and the NF2 Schwannoma cells.
PF-3758309 inhibits Paks 1-6, indicating that
most isoforms may need to be blocked for
effective treatment or that alternative targets
of PF-3758309 contribute to its potent activity
in cells.

Other kinase inhibitors, including, EGF-R inhibi-
tors, Akt inhibitors, GSK3 inhibitors and Jak
inhibitors showed almost no activity. There was
modest activity with the multi-receptor kinase
inhibitor crizotinib, predominantly in NF1 cells.
Additionally, although we did not observe activ-
ity with Jak inhibitors, inhibition of STAT with
SH-4-54 or Niclosamide showed some activity.

Although the primary difference common to all
NF1 cell lines were their sensitivity to MEK
inhibitors, there are some exceptions. The NF2
cell line KT21-MG was partially sensitive to
MEK inhibitors; this may be because it is from a
malignant tumor, unlike our other NF2 cell line,
HEI-193, which is derived from a benign tumor
[19, 43]. One NF1 cell line, sNF02.2, is more
sensitive to rapamycin and other mTOR/PI3K/
AKT inhibitors. The rodent cell lines behaved
differently than human cell lines. Unexpectedly,
the mouse NF2 cell line, SC4 was very sensitive
to MEK inhibitors; since this cell line forms
tumors in orthotopic xenografts, it may indicate
a high level of transformation [42]. RT4, a rat
schwannoma cell line, was sensitive to MEK
and EGF receptor inhibitors, likely because it
expresses a mutant erbB-2 [44].

Predictive value of HTS screening
Clinical trials of MPNST are rare, but several

drugs in our panel, mostly RAS RAF and MEK
inhibitors were investigated in neurofibroma tri-
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als and showed an effectiveness (or lack of
infectiveness) as predicted by our panel.
Tipifarnib, a farnesyl transferase inhibitor was
not effective in a phase Il trial [45, 46], proba-
bly because K-RAS is the primary Ras isoform
in NF1 that is activated by NF1 loss [47].
Sorafenib was not effective either, likely be-
cause of paradoxical activation [45]. However,
the MEK inhibitor, Selumetinib was effective in
a clinical trial for neurofibromas. Our data sug-
gest that other MEK inhibitors may be more
effective. Phase Il clinical trials evaluated the
effects of sorafenib [48] and a rapamycin ana-
log in patients with distinct types of sarcoma
only showed slight efficacy in treating MPNSTs
[49]. Finally, doxorubicin a drug recommended
for treating MPNST, was highly effective in all
cells.

Other drugs that were tested in clinical trials
or recommended for NF1 including Imatinib
and ifosfamide were not effective. However,
Imatinib acts on the tumor microenvironment
and ifosfamide requires metabolic activation in
the liver. Cyclophosphamide which, like ifos-
famide is a highly cytotoxic nitrogen mustard
also requires metabolic activation.
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Figure S1. A. A heat map of Spearman’s rank correlation coefficients between IC50 values for MEK inhibitors alone
shown in Figure 4C. B. A heat map of Spearman’s rank correlation coefficients between IC50 values for inhibitors
excluding MEK inhibitors shown in Figure 4D.



