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Simple Summary

Malignant peripheral nerve sheath tumors are deadly tumors that develop in patients
with Neurofibromatosis Type 1 (NF1). There are currently no effective treatments for these
tumors, and NF1 patients with MPNSTs face bleak odds of survival including death in
adolescence and early adulthood. New drugs currently entering clinical trials for MPNSTs
include inhibitors of MEK and HDAC enzymes. The authors present evidence that the MEK
inhibitor trametinib and dual HDAC/PI3K inhibitor fimepinostat could be more efficacious
in MPNST patients than the drugs currently under clinical investigation. This conclusion is
supported by timelapse imaging data collected from nine unique patient-derived MPNST
cell lines. The results presented here confirm previous preclinical studies and a case report
and inform future MPNST clinical trials.

Abstract

Background/Objectives: Neurofibromatosis Type 1 (NF1) is a genetic syndrome caused by
pathogenic NF1 variants encoding neurofibromin, a Ras GTPase activating protein. Individu-
als with NF1 develop peripheral nerve sheath tumors called neurofibromas. Approximately
50% of NF1 patients develop plexiform neurofibromas (pNFs) which have up to 13% lifetime
risk of transformation into malignant peripheral nerve sheath tumors (MPNSTs). Current ther-
apeutic strategies emphasize surgical resection with wide margins, radiation, and traditional
chemotherapy for unresectable MPNSTs. However, NF1 patients diagnosed with MPNSTs
have 5-year survival rates as low as 16%. The two recently FDA-approved drugs for pNFs,
the MEK inhibitors selumetinib and mirdametinib, are not used to prevent or treat MPNSTs.
Methods: The MEK inhibitor trametinib and the dual HDAC/PI3K inhibitor fimepinostat
were assessed for growth inhibitory effects in nine unique patient-derived MPNST cell lines,
as both drugs have preclinical efficacy in other Schwann cell-derived tumors. Results: Tram-
etinib, which is approved for malignant melanomas, promoted cell death in 7/9 MPNST
cell lines with a geometric mean GI50 = 17 nM. When directly compared to selumetinib and
mirdametinib in a subset of four MPNST cell lines, trametinib had the lowest mean GI50 (tram-
etinib = 38 nM, mirdametinib = 1.6 µM, selumetinib = 4.9 µM). Trametinib was also superior
to selumetinib and mirdametinib in blocking ERK1/2 phosphorylation for 24 h. Fimepinostat
promoted cell death in all cell lines with a geometric mean GI50 = 17 pM. Conclusions: These
studies demonstrate in vitro efficacy for two candidate MPNST therapeutics which could
reduce tumor burden and metastasis in NF1 patients.

Keywords: neurofibromatosis; NF1; malignant peripheral nerve sheath tumor; trametinib;
mirdametinib; selumetinib; fimepinostat; MEK; HDAC; drug sensitivity assays
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1. Introduction
Neurofibromatosis Type 1 (NF1) is a genetic syndrome caused by loss of function in

NF1 encoding the Ras GTPase-activating protein neurofibromin [1]. NF1 affects approxi-
mately 1 in 3000 individuals [2]. Those affected display a wide range of manifestations with
highly variable expressivity including peripheral nerve tumors, optic gliomas, iris hamar-
tomas (Lisch nodules), skin pigmentary abnormalities, musculoskeletal malformations,
cognitive deficits, and gastrointestinal, hematopoietic, and endocrine malignancies [3,4].
Chief among the neoplastic manifestations are neurofibromas, benign nerve tumors that
contain an admixture of neoplastic Schwann cells, fibroblasts, perineurial-like cells, and
residual axons [5]. Up to 50% of NF1 patients develop large, plexiform neurofibromas
(pNFs) that involve multiple nerve fascicles, cause disfigurement and disability and have
a 6–13% lifetime risk of transformation into malignant peripheral nerve sheath tumors
(MPNSTs) [5–8]. Individuals with severe phenotypes arising from NF1 microdeletions
or missense mutations in codons 844–848 have a higher lifetime risk of MPNST develop-
ment [9,10]. These patients are also likely to develop more neurofibromas at a younger
age [10], and many die from MPNSTs in adolescence [11–13].

MPNSTs are diverse in their origin and genetic characteristics. Approximately half of
all MPNSTs develop from NF1-related pNFs, with the other half occurring spontaneously
or from previous radiotherapy [14]. Loss of CDKN2A/B is often an early event causing
pNFs to become premalignant atypical neurofibromatous neoplasms of uncertain biological
potential (ANNUBP) [15,16]. Additional somatic mutations or copy number changes
in PRC2 components SUZ12 and EED [17,18], TP53 [19], PTEN [20], and many other
genes [21] promote ANNUBP transformation into MPNSTs. Due to the diverse genetic
composition of MPNSTs, there are presently no universal biomarkers that predict efficacy
for candidate targeted therapeutics [22]. However, recent multi-omic analyses revealed that
distinct subgroups of MPNSTs exist, each with different predicted vulnerabilities in either
the SHH or WNT/β-catenin/CCND1 pathways [23]. Histopathologic studies have also
identified MPNST subgroups with distinct responses to radiation therapy based on histone
H3 trimethylation, neurofibromin, S100, SOX10, p16, and EGFR immunoreactivity [24].

NF1-related MPNSTs have worse prognoses than non-NF1-related MPNTS, with
16–38% overall 5-year survival rates versus approximately 60%, respectively [25–27]. Cur-
rent therapeutic strategies for MPNSTs emphasize complete surgical resection with negative
margins [27], but recurrence rates remain as high as 70% [28]. Radiotherapy is also used
for local MPNST control but has not been found to improve survival [29]. The current
standard of care for unresectable or remittent MPNSTs is traditional chemotherapeutics
(SARC006 protocol). Clinical trials (summarized in Table 1) have evaluated small molecule
inhibitors for MPNSTs, although no drugs have been FDA-approved for this indication.
Notably, two MEK inhibitors approved for unresectable NF1-related pNFs, selumetinib
(Koselugo) and mirdametinib (GoMEKLI), are entering clinical trials as part of combination
therapies for MPNSTs (NCT06735820, NCT05253131, NCT06693284). Recent preclinical
studies identified another FDA-approved MEK inhibitor, trametinib (Mekinist) as more ef-
fective in vitro than selumetinib and mirdametinib [30]. We reported similar observations in
human and mouse schwannoma model cells [31,32]. A recent precision medicine case study
demonstrated trametinib’s clinical efficacy in treating a recurrent pediatric MPNST [33].
High-throughput screening campaigns have also identified HDAC inhibitors as potent
compounds in patient MPNST cell lines [34,35]. Our previous work demonstrated the
dual HDAC/PI3K inhibitor fimepinostat promotes apoptosis in NF2-related schwannoma
cells [36,37]. With these data in mind and nine distinct MPNST cell lines available for
study, we compared the in vitro efficacies of trametinib, mirdametinib, selumetinib, and
fimepinostat using high-content live cell imaging over 5 days.
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Table 1. Past, current, and planned MPNST clinical trials.

Completion Date
(Actual or Estimated) NCT Number Phase Interventions Mechanism Results

08/2009 NCT00068367 2 erlotinib
hydrochloride EGFR inhibitor

Completed, no responders
(0/20), all pretreated with

other chemotherapies

06/2014 NCT00304083 2
doxorubicin

hydrochloride,
etoposide, ifosfamide

DNA intercalator,
topoisomerase

inhibitor, alkylating
agent

Completed, partial response
in 5/28 NF1 cases

12/2017 NCT01661283 1/2 everolimus,
bevacizumab

mTOR inhibitor,
anti-VEGF

monoclonal antibody

Completed, clinical benefit
rate = 12%

07/2018 NCT02008877 2/3 ganetespib, sirolimus HSP90 inhibitor,
mTOR inhibitor

Completed, progressive
disease in all NF1 cases (8)

04/2009 NCT00427583 2 imatinib mesylate BCR-ABL inhibitor Terminated, slow recruitment
and no effect

5/17/2018 NCT02986919 1 CPI-0610 (pelabresib)
Bromodomain and

extra-terminal
domain inhibitor

Terminated, lack of
enrollment

12/2020 NCT02691026 2 pembrolizumab anti-PD-1
monoclonal antibody

Terminated, slow enrollment
due to low incidence of

MPNST and the COVID-19
pandemic.

10/1/2023 NCT03433183 1 selumetinib,
sirolimus

MEK inhibitor,
mTOR inhibitor

Completed, results not
published

2/2/2024 NCT05011019 1/2 AL2846 c-MET inhibitor
Terminated, sponsor adjusts

its research and development
strategy

10/1/2024 NCT02584647 2 PLX3397, sirolimus CSF1R inhibitor,
mTOR inhibitor Terminated, poor enrollment

7/30/2025 NCT04465643 EARLY 1 nivolumab
ipilimumab

anti-PD-1
monoclonal antibody,
CTLA-4 monoclonal

antibody

Completed, no results posted

- NCT05107037 2 TQ-B3234 MEK inhibitor unknown

1/1/2026 NCT06693284 2 mirdametinib and
vorinostat

MEK inhibitor,
HDAC inhibitor recruiting

01/2026 NCT04917042 1/2 tazemetostat EZH2 inhibitor active, not recruiting

4/16/2026 NCT03872427 2 telaglenastat
hydrochloride glutaminase inhibitor active, not recruiting

04/2026 NCT04872543 2 decitabine,
cedazuridine

cytidine analog,
cytidine deaminase

inhibitor
recruiting

10/1/2028 NCT06735820 2 APG-115,
selumetinib

MDM2 inhibitor,
MEK inhibitor not yet recruiting

05/15/2032 NCT05253131 2

selumetinib,
unnamed

bromodomain
inhibitor,

durvalumab

MEK inhibitor,
bromodomain

inhibitor, anti-PD-L1
monoclonal antibody

not yet recruiting

2. Materials and Methods
2.1. MPNST Cell Culture

Human patient-derived MPNST cells (Table 2) were received from Drs. Steven Caroll
and Jody Longo at the Medical University of South Carolina, Dr, George DeVries at the
McGuire VA Medical Center and Dr. Margaret Wallace at the University of Florida and
frozen in liquid nitrogen until use in this study. MPNST cells were originally isolated from
patient tissues by mechanical and/or enzymatic digestion and grown in vitro for multiple
passages without any reported further modification or immortalization [38–45]. Once
thawed, MPNST cells were all grown on T75 flasks with CellBind growth surfaces (Corning,
NY, USA) in Dulbecco’s modified eagle medium (DMEM; Thermo Fisher, Waltham, MA,
USA) with 10% heat-inactivated fetal bovine serum (FBS; R&D Systems, Minneapolis, MN,
USA) and 100 U/mL penicillin–streptomycin (Thermo Fisher, Waltham, MA, USA) and
incubated at 37 ◦C, 5% CO2 until confluent.
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Table 2. MPNST cell lines studied.

MPNST Cell
Line

Patient
Age/Sex Tumor Origin NF1 vs. Sp 1 Tumor NF1

Status
Primary vs.
Metastatic Stage References

sNF96.2 27 M Lower
Extremity NF1 NF1 -/- Primary High-grade

MPNST [38,39]

S462 19 F Thigh NF1 NF1 -/- Primary High-grade
MPNST [40]

NMS-2 2 30 M Thigh NF1 NF1 -/- Primary High-grade
MPNST [41]

ST88-14 24 M Retroperitoneal NF1 NF1 -/- Primary High-grade
MPNST [42]

2XSB 57 F Brachial nerve Sp NF1 + (protein) Primary
High-grade

sporadic
MPNST

[43]

sNF02.2 35 M Lung NF1 NF1 + (protein) Metastatic
Benign and

premalignant
(plexiform)

[38]

NMS-2PC 2 30 M Retroperitoneal NF1 NF1 -/- Metastatic Metastatic
MPNST [41]

sNF94.3 43 M Lung NF1 NF1 -/- (mi-
crodeletion) Metastatic

Benign and
premalignant
(plexiform)

[38]

NFS-1 N/A Not Specified NF1 NF1 -/- N/A High-grade
MPNST [40]

STS-26T 3 51 F Scapula Sp NF1 + (protein) Metastatic BRAF V600E
Melanoma [44,45]

1 Sp = sporadic, non-NF1-related. 2 Cell lines were isolated from two distinct tumors resected from the same
patient. 3 Reclassified as BRAF V600E-mutant melanoma, originally classified as a sporadic MPNST.

2.2. High-Content Drug Sensitivity Assay

After at least two passages post-thawing, each MPNST cell line was trypsinized and
1000 cells were seeded per well in CellBind 384-well plates (Corning, NY, USA) in 20 µL
DMEM + 10% FBS. Cells were allowed to attach overnight at 37 ◦C, 5% CO2 and were treated
the following day. Treatment was facilitated using the Integra Assist automated pipetting robot
(Princeton, NJ, USA) programed to perform ten-fold serial dilutions for each drug (10 µM to
10 fM) in DMEM + 10% FBS. Prepared drug solutions were added to each well of the 384-well
plate in 10 µL at 3× concentration (final volume per well = 30 µL). All compounds tested in
the high-content assay were obtained from Selleck Chemicals (Houston, TX, USA) and stored
as stock solutions at −80 ◦C in DMSO at 10 mM. Immediately after treatment, the 384-well
plates were placed in the Incucyte live cell imaging system (Sartorius, Göttingen, Germany)
and incubated at 37 ◦C, 5% CO2 with images captured in each well every 4 h for 120 h.

The high-content assay uses cellular confluence in each well as a composite metric for
average cell size and cell proliferation over time. Percent cellular confluence in each well
of the 384-well plate was estimated every 4 h using the Incucyte software version 2025B
(Sartorius). Change in percent confluence from the time drug treatment was initiated was
plotted for all drug doses in each cell line. To quantitate drug efficacy in reducing cellular
confluence, the area under the confluence curve (AUC) was plotted for each dose. Using
the AUC dose–response curves, relative 50% growth inhibitory concentrations (GI50s)
were determined for all drugs in each cell line. A cytotoxic drug was defined as one that
promotes a decrease in confluence over time or a plateau in confluence with visual evidence
of dead cells.

2.3. Western Blotting

ST88-14 cells (provided by George DeVries) were seeded at a density of 5000 per cm2

of growth area on CellBind surfaces (Corning, NY, USA) and incubated at 37 ◦C, 5% CO2.
After approximately 96 h, medium was replaced with DMEM + 10% FBS containing 0.1%
DMSO or 0.1 µM, 1 µM, and 10 µM of trametinib, mirdametinib, and selumetinib. After
incubation for 30 min and 24 h, the cells were extracted in radioimmunoprecipitation (RIPA)
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buffer (Cell Signaling, Danvers, MA, USA). Protein content was estimated using the detergent
compatible (DC) protein assay by Bio-Rad (Hercules, CA, USA). Samples were loaded at 5 µg
per lane in precast mini-PROTEAN gels (Bio-Rad, Hercules, CA, USA) for size separation,
then transferred to 0.45 µm pore size PVDF Immobilon-FL transfer membranes (Millipore,
Burlington, MA, USA). Membranes were blocked for 1 h in a 1:1 mixture of tris-buffered saline
with 0.1% Tween 20 (TBS-T) and Odyssey blocking buffer (LI-COR Biosciences, Lincoln, NE,
USA). Membranes where incubated with the following antibodies at indicated dilutions in
1:1 TBS-T/Odyssey blocking buffer overnight at 4 ◦C: rabbit anti-phospho-p44/42 MAPK
(Erk1/2) (Thr202/Tyr204) (Cell Signaling #4370, 1:1000), mouse anti-p44/42 MAPK (Erk1/2)
(Cell Signaling #4696, 1:500), and rabbit anti-alpha-tubulin (Cell Signaling #3873, 1:30,000).
The next day, membranes were incubated with horseradish peroxidase-conjugated anti-rabbit
IgG (Cell Signaling, 7074) and anti-mouse IgG (Cell Signaling, 7076) antibodies diluted to
1:5000 in TBS-T for 1 h at room temperature. Chemiluminescent blots were visualized using
the SignalFire ECL Reagent (Cell Signaling, Danvers, MA, USA) and the Bio-Rad ChemiDoc
MP Imaging System (Hercules, CA, USA).

2.4. Statistical Analysis

All high-content screens tested five or greater replicate wells per condition. Graphs
and statistical analyses were generated using GraphPad Prism version 10.6.1. AUC cal-
culations were performed using the area under the curve function, and dose–response
curves were generated using the [inhibitor] vs. response variable slope function. Because
GI50 values were distributed lognormally across nine orders of magnitude, the values
for each drug were summarized using geometric means (i.e., averaging the Log10 values
of GI50s in each MPNST cell line) with geometric standard deviation factors (GSDs) in
place of standard errors. The geometric mean GI50s of trametinib, mirdametinib, and
selumetinib were compared using a one-way, repeated-measures lognormal ANOVA with
Geisser–Greenhouse correction and Tukey’s multiple comparisons test.

3. Results
3.1. Trametinib and Fimepinostat Reduce MPNST Cell Confluence at Sub-Micromolar Doses

Table 2 summarizes the MPNST cell lines studied in high-content drug sensitivity
assays. The characteristics of each cell line vary by location, NF1 status, and include
primary tumors and metastases. The NMS-2 and NMS-2PC cell lines were derived from
primary and metastatic lesions, respectively, from the same patient [41]. Notably, the STS-
26T cell line was recently reclassified as a BRAF V600E mutant melanoma based on genomic
analyses [45]. DMSO-treated MPNST cell lines reached near full confluence (>75%) in the
384-well format by 72 h of treatment (Figure 1A), except for NFS-1, which reached 65%
confluence at the end of the five-day treatment period. Confluence curves for trametinib
and fimepinostat-treated cells demonstrated dose-dependent decreases in well confluence
over time across the nine cell lines (Figure 2). The GI50s in the nine MPNST cell lines
were 17 nM for trametinib and 17 pM for fimepinostat, respectively. The GI50s in STS-26T
melanoma cells were 0.45 µM for trametinib and 1.3 nM for fimepinostat, respectively
(Table 3). The typical morphological effects of both drugs tested between 0.001 and 10 µM
after 72 h of treatment in ST88-14 cells are shown (Figure 1B). Trametinib had cytotoxic
effects at 0.1 µM, whereas fimepinostat had cytotoxic effects at 0.001 µM as evidenced by
the presence of cellular debris during imaging (Figure 1B). Cytotoxic effects were observed
in fimepinostat- and trametinib-treated cell lines except for NFS-1 and sNF02.2. These
two cell lines underwent proliferation arrest with no substantial accumulation of cellular
debris (Figure S1). Representative images of cell lines treated with their respective lowest
cytotoxic dose of trametinib and fimepinostat are provided (Figures S2 and S3).
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Figure 1. Trametinib and fimepinostat have cytotoxic effects on ST88-14 cells. The Incucyte system
allows for timelapse imaging to determine drug effects on live cells. (A) Representative ST88-14 cell
images captured during the high-content drug sensitivity assays at 24 h and 72 h of DMSO treatment.
(B) Representative ST88-14 cell images captured at 72 h of indicated drug treatments. Fimepinostat
promotes cytotoxicity by 72 h at all doses shown. Some surviving cells are observed with fimepinostat
doses lower than 0.1 µM. Trametinib is more potent than mirdametinib and selumetinib. Substantial
cell death is noted at 72 h of treatment with at least 0.1 µM trametinib. Cells treated with lower doses
of trametinib reached near full confluence after 72 h of treatment.
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Figure 2. Trametinib and fimepinostat cause dose-dependent reductions in MPNST cell confluence
over time. Confluence curves and AUC dose–response curves for (A) trametinib- and (B) fimepinostat-
treated MPNST cells and the BRAF-V600E mutant melanoma cell line (STS-26T) reveal that both drugs
promote dose-dependent reductions in cell confluence over time. Confluence is measured as a percentage
of well area containing cells and normalized to confluence at treatment initiation. AUC dose–response
curves were generated from confluence data for each cell line and normalized to DMSO-treated controls
to calculate 50% growth inhibitory concentration (GI50) values. GSD = geometric standard deviation.
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Table 3. GI50 values in all cell lines. Values were calculated based on the AUC of confluence curves
generated during high-content screens (dosing range 10 µM to 10 fM).

Initial Assay

Cell Line Trametinib GI50
[µM] Fimepinostat GI50 [µM]

sNF96.2 1 1.40 × 10−2 5.90 × 10−7

S462 1 4.70 × 10−7 <1.00 × 10−9

NMS-2 1,2 2.10 × 10−3 1.30 × 10−6

ST88-14 1 1.80 × 10−2 2.70 × 10−6

2XSB 1.00 × 100 2.10 × 10−1

sNF02.2 3.20 × 100 4.90 × 10−2

NMS-2PC 2 1.60 × 10−1 <1.00 × 10−9

sNF94.3 1.20 × 10−1 6.90 × 10−5

NFS-1 7.40 × 10−3 9.30 × 10−2

Geometric Mean 1.70 × 10−3 1.70 × 10−5

GSD 9.80 × 101 1.70 × 103

STS-26T 1,3 4.50 × 10−1 1.30 × 10−3

Comparative MEK Inhibitor Assay

Cell Line Trametinib GI50
[µM]

Mirdametinib GI50
[µM]

Selumetinib GI50
[µM]

2XSB 1.00 × 100 6.40 × 100 1.00 × 101

ST88-14 1.80 × 10−2 7.70 × 10−1 4.20 × 100

NMS-2PC 3.70 × 10−2 1.40 × 100 8.20 × 100

NMS-2 7.60 × 10−3 9.10 × 10−1 1.70 × 100

Geometric Mean 4.76 × 10−2 1.58 × 100 4.92 × 100

GSD 8.5 2.6 2.2
1 Cell lines with known altered PTEN status. 2 Cell lines were isolated from two distinct tumors resected from the
same patient. 3 Reclassified as BRAF V600E-mutant melanoma, originally classified as a sporadic MPNST.

3.2. Trametinib Is More Potent than Mirdametinib and Selumetinib

To directly compare the efficacies of trametinib with mirdametinib and selumetinib,
we treated a subset of four MPNST cell lines with the three MEK inhibitors. Representative
cell lines for neurofibromin protein status, primary vs. metastatic status, and a range of
GI50s from the initial trametinib screens were selected for comparison (2XSB, ST88-14,
NMS-2, NMS-2PC). Specifically, 2XSB was the only sporadic MPNST cell line screened
in this study [43]; all other MPNST cell lines were isolated from NF1 patient tumors. In
these four cell lines, trametinib had a lower geometric mean GI50 (48 nM) compared
to mirdametinib (1.6 µM, p = 0.021) and selumetinib (4.9 µM, p = 0.019; Figure 3B,C).
Trametinib treatment for 72 h induced ST88-14 cytotoxicity at doses as low as 0.1 µM
(Figure 1B). Mirdametinib treatment for 72 h induced cytotoxicity in ST88-14 cells as low
as 1 µM; selumetinib treatment for 72 h induced cytotoxicity only at the maximum dose
tested (10 µM; Figure 1B). Doses of trametinib (0.1, 1, and 10 µM), mirdametinib (1 and
10 µM), and selumetinib (10 µM) that promoted ST88-14 cell death demonstrated sustained
inhibition of ERK T202/Y204 phosphorylation (pERK) upon Western blotting through
24 h of treatment (Figure 3D). Doses of mirdametinib (0.1 µM) and selumetinib (0.1 and
1 µM) that failed to promote ST88-14 cell death failed to inhibit pERK at 24 h of treatment.
Some ineffective doses of mirdametinib (0.1 µM) and selumetinib (1 µM) inhibited pERK at
30 min but not at 24 h of treatment.
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Figure 3. Trametinib is a more potent MEK inhibitor in MPNST cells than mirdametinib and
selumetinib. Three MEK inhibitors were compared in four MPNST cell lines using the high-content
drug sensitivity assay. Trametinib had lower GI50s than mirdametinib and selumetinib in all cell
lines. (A) Confluence curves for trametinib, mirdametinib, and selumetinib in four MPNST cell lines.
Confluence is measured as percentage of well area containing cells and normalized to confluence at
treatment initiation. (B) AUC curves generated from confluence data in the four cell lines (normalized
to DMSO-treated controls). (C) Geometric mean 50% growth inhibitory concentrations (GI50) values
for trametinib, mirdametinib, and selumetinib in each cell line tested. Error bars represent the
geometric standard deviation (GSD). (D) Western blots for pERK, total ERK, and α-tubulin loading
controls in ST88-14 cells after treatment with indicated MEK inhibitors for 30 min and 24 h. The
original images of the Western Blotting figures can be found in Supplementary Data.
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4. Discussion
Clinical trials for small molecule inhibitors in MPNSTs have been disappointing.

Two trials reported a 0% objective response rate or progressive disease for NF1-related
tumors [46,47]. The SARC006 clinical trial which established the current standard of
care for unresectable MPNSTs evaluated traditional chemotherapeutics in cycles of ifos-
famide/doxorubicin and ifosfamide/etoposide. However, this regimen promoted a partial
response in only 5/28 MPNST patients with NF1 [48]. Planned and recruiting clinical
trials will evaluate selumetinib alone and in combination with an MDM2 inhibitor and
mirdametinib in combination with the pan-HDAC inhibitor vorinostat (NCT06735820,
NCT05253131, NCT06693284). A complete sustained clinical response to trametinib lasting
over 15 months was reported for a pediatric case of recurrent metastatic MPNST with
biallelic NF1 deletion [33], suggesting that trametinib is a strong candidate for larger
clinical trials.

Recent preclinical studies identified both trametinib and HDAC inhibitors as potential
therapeutics for MPNSTs. Two large in vitro screening campaigns using up to seven patient
MPNST cell lines with single time point measurements indicated that HDAC inhibitors
reduced cell viability at 48 or 72 h of treatment [34,35]. Others demonstrated that HDAC
inhibition with abexinostat (PCI-2478) triggered apoptosis in four sensitive patient MPNST
cell lines including ST88-14, S462, and two others not tested here [49]. A targeted preclinical
study also used single timepoint assays in four patient MPNST cell lines to demonstrate
that trametinib was more potent than other MEK inhibitors including selumetinib and
mirdametinib [30]. The combination of MEK, BET, and CDK inhibitors has also recently
demonstrated preclinical efficacy for MPNSTs [50].

This focused preclinical study used high-content imaging to track well confluence
over 120 h of treatment in nine patient-derived MPNST lines. We found that trametinib is
30- and 100-fold more potent than the FDA-approved NF1 MEK inhibitors mirdametinib
and selumetinib. Western blots revealed that trametinib was superior to selumetinib and
mirdametinib in its ability to sustain MEK inhibition at lower doses for 24 h as measured
by pERK levels in ST88-14 cells. Doses of the drugs that inhibited MEK for 24 h were
associated with ST88-14 cell death. ST88-14 cell death was not detected in cultures treated
with doses of mirdametinib and selumetinib that did not inhibit MEK for 24 h. X-ray
crystallography studies have shown that trametinib binds the kinase suppressor of Ras
(KSR) scaffold needed for MEK activation rather than blocking th e ATP-binding region of
MEK, as do selumetinib and mirdametinib [51]. This could explain the observed enhanced
MEK inhibitory capacity of trametinib compared to other MEK inhibitors in both MPNST
and schwannoma cells [31,32]. Trametinib is FDA-approved for BRAF-mutant melanomas
alone and in combination with dabrafenib (Tafinlar). Notably, trametinib was more potent
in 8/9 MPNST cell lines than in the BRAF-mutant STS-26T melanoma cell line [45]. In
BRAF-mutant melanomas, trametinib improves progression-free and overall survival
compared to traditional chemotherapies with an acceptable tolerability profile [52]. The
most common reported dose-limiting adverse effects of trametinib include rash, fatigue, and
hypertension [53]. This evidence, taken together with promising results from a precision
medicine case study [33], supports potential clinical trials investigating trametinib for the
treatment of MPNSTs.

The high-content assays in this study revealed that the dual HDAC/PI3K inhibitor
fimepinostat triggers MPNST cell death at picomolar concentrations. HDACs primarily
function as epigenetic regulators by deacetylating lysine residues on histone tails and
promoting chromatin condensation [54]. Thus, HDACs are vulnerable targets in cancer cells
with dysregulated anti-tumor signaling pathways. HDAC inhibitors have been studied as
therapeutic agents for cancer, cardiovascular diseases, and neurological diseases, and FDA-
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approved HDAC inhibitors exist for aggressive cervical, brain, breast, and liver cancers
among others [54,55]. HDAC inhibitors are under clinical investigation in combination
with other anti-cancer therapies [56,57]. MPNSTs express class I HDAC enzymes, namely
HDAC1 and HDAC8; targeting either isoform promotes cell death in MPNST cells [58–60].
HDAC8 can reside in both the nucleus and cytoplasm where it regulates acetylation of non-
histone proteins [54,58,61]. However, exclusively targeting nuclear HDACs with HDAC1/2
specific inhibitors also results in MPNST cell death [49], suggesting nuclear HDAC function
plays a critical role in MPNST cell survival. Fimepinostat is a potent inhibitor of class
I HDACs in cell-free assays with IC50s for HDAC1, HDAC2, and HDAC8 of 1.7 nM,
5.0 nM, and 191 nM, respectively [62]. Fimepinostat also promotes cell death in human
schwannoma cells, whereas vorinostat does not [37]. The most common dose-limiting
adverse effects of fimepinostat are gastrointestinal and hematologic disturbances [63,64].

The dual PI3K inhibitory function of fimepinostat positions it as a strong candidate
therapeutic for MPNSTs with PTEN loss. PI3K activity is frequently increased in MPNSTs
due to PTEN loss [20,65]. Alterations in PTEN gene dosage have been reported in up to
58% of MPNSTs [40], and PTEN loss is correlated with poorer survival outcomes [66]. This
suggests that, by targeting both HDACs and PI3K, fimepinostat could be beneficial for
treating MPNSTs with altered PTEN expression. Fimepinostat targets PI3K subunits α, β,
δ, and γ with IC50s of 19 nM, 54 nM, 39 nM, and 311 nM, respectively [62]. Four of the
five most sensitive cell lines have reported altered PTEN status [45]. Fimepinostat had
sub-picomolar GI50s in each of the four PTEN-altered MPNST cell lines. The predictive
potential for PTEN loss as a therapeutic MPNST biomarker warrants further investigation.

5. Conclusions
These results support further clinical investigation of trametinib and fimepinostat as

alternatives to the standards of care for MPNSTs. By extension, the evidence provided
here suggests that trametinib and fimepinostat monotherapies could be more efficacious in
MPNST patients than combinations using selumetinib (NCT06735820, NCT05253131) or
mirdametinib (NCT06693284).

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/cancers18050746/s1, Figure S1: Cytostatic effects of trametinib in sNF02.2
and NFS-1 cell lines; Figure S2: Lowest effective doses of trametinib in all cell lines; Figure S3: Lowest
effective doses of fimepinostat in all cell lines; Supplementary Data: Western blot raw images.
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Abbreviations
The following abbreviations are used in this manuscript:

ANNUBP atypical neurofibromatous neoplasm with uncertain biologic potential
AUC area under the curve
DMEM Dulbecco’s modified eagle medium
FBS fetal bovine serum
GI50 50% growth inhibitory dose
GSD geometric standard deviation
HDAC histone deacetylase
MEK mitogen-activated protein kinase kinase
MPNST malignant peripheral nerve sheath tumor
NF1 Neurofibromatosis type 1
PI3K phosphoinositide-3-kinase
pNF plexiform neurofibroma
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