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Abstract

Neurofibromatosis type 1 (NF1) patients develop non-malignant neurofibromas that can progress to Malignant Peripheral
Nerve Sheath Tumors (MPNSTs). NF1 neurofibromas are treated with MEK inhibitors, such as mirdametinib and
selumetinib, because they are driven by activation of the Ras/Raf/MEK/ERK signaling pathway. We developed two
MEK-resistant MPNST cell lines by passaging cells in selumetinib for approximately three months. The cells were
resistant to 15 other MEK inhibitors in a high-throughput screen but were re-sensitized by co-treatment with a TEAD
inhibitor. These results suggest that TEAD inhibitors synergize with MEK inhibitors to overcome resistance and enhance
therapeutic efficacy in MPNSTs.
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Figure 1. MEK inhibitor-resistant MPNSTSs are re-sensitized by TEAD inhibitors:

(A) IC5( heatmap of 130 drugs profiled against parental ST88-14, ST88-14 MR 1I, and ST88-14 MR II co-treated with 5
M of the TEAD inhibitor VT103. Dose-response curves for trametinib (B), selumetinib (C), and VT103 (D) for parental
ST88-14 and ST88-14 MR I and II cells. (E) Synergy ZIP score averages of the parental ST88-14 and ST88-14 MR I and
IT cell lines subjected to two-drug combination treatments. Drug-drug interactions were quantified with SynergyFinder

AO3 + Trametinib***—}
AO1 + Trametinib*** =
VT103 + Trametinib -1
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Plus using the Zero Interaction Potency (ZIP) model. For each drug pair, cells were treated with each agent alone and in
combination across a matrix at six concentrations from 5 nM to 5 pM for trametinib and 10 nM to 10 pM for VT103. Cell
viability was measured after treatment and dose-response curves were generated for both single agents and combinations.
The ZIP model evaluates synergy by comparing the observed combination response to an expected response assuming the
two drugs do not affect each other’s potency. Deviations from this expected additivity are integrated across the full dose-
response surface to generate a ZIP synergy score. ZIP scores greater than 10 were interpreted as strong synergy, scores
between —10 and 10 as additive or independent effects, and scores less than —10 as antagonism. Average ZIP scores across
the dose matrix were used to summarize drug interactions. For the VT103 + Trametinib combination, we performed three
one-way ANOVA tests between each cell line. Comparing the parental ST88-14 (n = 7) and ST88-14 MR II (n = 3) cell
lines, a one-way ANOVA yielded no statistically significant difference between the groups (p = 0.1888). For ST88-14 and
ST88-14 MR I (n = 2), a one-way ANOVA revealed no statistically significant difference between the groups (p =
0.6199). Regarding ST88-14 MR I and ST88-14 MR II, a one-way ANOVA revealed a statistically significant difference
(p = 0.0270).

Description

NF1 is a tumor syndrome characterized by non-malignant tumors of Schwann cells called neurofibromas. In 8 to 13% of
patients, neurofibromas progress to life-threatening MPNSTs. The NF1 gene encodes neurofibromin, a negative regulator
of Ras, so NF1 loss activates Ras and its downstream signals through Raf/MEK/ERK and other signals such as
PI3K/mTOR (Anastasaki et al., 2022). The MEK inhibitors selumetinib and mirdametinib (PD 0325901) are FDA-
approved to treat neurofibromas, and trametinib was effective in a small-scale clinical trial (Gross et al., 2020; Kiaei et al.,
2022; Moertel et al., 2025). However, MEK inhibitors are not effective as single agents in MPNST models. In addition,
patients showed low response rates in a recent clinical trial of a combination of a MEK inhibitor with an mTOR inhibitor
(de Blank et al., 2022; Kim et al., 2026). Therefore, there is a clinical need for MPNST therapies, especially in
combination with MEK inhibitors.

Because MEK inhibitors are used to treat neurofibromas, many MPNSTs are likely to present in the clinic with preexisting
MEK inhibitor resistance. Amplification of mechanosignaling pathways, including Pak/Rac and Hippo/YAP-TAZ/TEAD,
can drive MEK inhibitor resistance in melanomas and pancreatic cancer (Edwards et al., 2023; Lin et al., 2015; Long et
al., 2026; Lu et al., 2017). Although YAP-TAZ signaling has been implicated in MPNSTS, its role in MEK inhibitor
resistance has not been explored extensively (Wu et al., 2018; Yang et al., 2026). A new class of compounds inhibits
Hippo signaling by binding to the auto-palmitoylation pocket in TEAD, the YAP/TAZ partner (Tang et al., 2021). These
compounds have shown some clinical efficacy in NF2-dependent mesotheliomas (Yap et al., 2025), where TEAD is likely
to be a major tumor driver. TEAD inhibitors also showed some efficacy in preclinical models of another form of
neurofibromatosis, NF2-SWN, either alone or together with PAK inhibitors (Benton et al., 2024; Laraba et al., 2023;
White et al., 2019; Yang et al., 2026). We hypothesized that, even if MEK inhibitor-resistant, NF1-MPNST will respond
to dual inhibition with combinations of a TEAD inhibitor plus other inhibitors of Ras signals, such as MEK and mTOR
inhibitors.

To test this hypothesis, we first developed MEK inhibitor-resistant MPNST cells. Three cell lines that have been
extensively characterized by genomic analysis, ST88-14, sNF96.2, and sNF02.2, were authenticated by Short Tandem
Repeat (STR) profiling and then subjected to selumetinib passaging. The cells were serially passaged in the presence of
selumetinib for ~3 months until they developed resistance. After approximately 6 passages in drug-free media, cells were
tested with selumetinib and trametinib to determine sensitivity. ST88-14 cells rescreened resistant, but SNF02.2 and
sNF96.2 did not yield stable resistant isolates. Thus, resistance modeling was discontinued with sSNF02.2 and sNF96.2
cell isolates. We performed selection twice, yielding two selumetinib-resistant cell lines, ST88-14 MR I cells and ST88-
14 MR 11, and then passaged the cells 8 more times at high doses to confirm resistance. The ST88-14 MR 1 cell line was
authenticated again via STR profiling, which found 100% similarity to its parental ST88-14 reference, indicating no gross
chromosomal changes from extended growth in selumetinib.

We next performed a high-throughput screen against a library of ~130 drugs, at eight concentrations of each drug (Figure
1, Panel A) (Guo et al., 2017). The drug library was developed specifically for NF and contains a comprehensive set of
Ras pathway drugs with 16 MEK inhibitors including selumetinib, mirdametinib, and trametinib. The ICs; values for
parental and resistant ST88-14 MR II cells are shown in the first two columns of Panel A. Many drug sensitivities were
unaffected, but the cells were markedly resistant to 15 of the 16 MEK inhibitors tested, with substantial increases in ICsy
values. The otherwise MR cell lines continued to be sensitive only to BI-847325, but this drug also targets Aurora kinase,
a known MPNST target (Patel et al., 2012). Resistance also developed to other classes of Ras inhibitors, including ERK,
mTOR, and RTK inhibitors.

Resistance stability was confirmed by retesting in triplicate for sensitivity to trametinib (Panel B) and selumetinib (Panel
C). In the MEK inhibitor-sensitive parental ST88-14 cell line, the ICg( values of trametinib and selumetinib were 0.008
pM and 0.88 pM, respectively. Both values were higher in the resistant cell lines: 3.29 pM (ST88-14 MR I) and 1.95 uM
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(ST88-14 MR TII) for trametinib, and 25 pM (ST88-14 MR I) and 23 pM (ST88-14 MR II) for selumetinib. Dividing the
ICsq of the resistant cell line by the ICgy of the sensitive cell line computes the resistance index (RI). The RIs for
trametinib were 406 and 239 in ST88-14 MR I and ST88-14 MR II, respectively, compared to 28.4 and 26.1 for
selumetinib. The dose-response curve for all three cell lines when treated with VT103 alone is shown in Panel D.

Given evidence in melanoma and pancreatic cancer that YAP-TAZ/TEAD can drive resistance to Ras/Raf/MEK inhibitors,
and that YAP-TAZ inhibition synergized with Raf inhibition in MPNSTs, we tested a role for TEAD. We co-treated

resistant cells with the TEAD inhibitor VT103 plus each of the ~130 drugs in our library (Figure 1, Panel A, 3rdcolurnn).
VT103 re-sensitized MEK inhibitor-resistant cells to all previously ineffective drugs, including all 15 MEK inhibitors,
PAK inhibitors, and mTOR inhibitors. To quantify re-sensitization, we performed synergy analysis of MEK and TEAD
inhibitor pairs and several other pairs of NF1-relevant drugs. The synergy analysis was performed by dosing two drugs
alone and in combination in microtiter plates. We tested five to seven doses of each drug at concentrations centering on
the ICg( values determined from Panel A. Synergy was analyzed using SynergyFinder to quantify the synergy between
drug pairs (Zheng et al., 2022). SynergyFinder’s Zero Interaction Potency (ZIP) model compares changes in potency
across dose-response curves for single drugs and drug combinations to determine drug interaction relationships. Synergy
ZIP scores greater than 10 indicate that two drugs, when used in combination, are highly synergistic. We found that
combinations of TEAD and MEK inhibitors were highly synergistic in the parental cells, and comparably synergistic in
the resistant cells (Figure 1, Panel E). High levels of synergy were also seen with other TEAD inhibitors and when data
were analyzed using the Chou-Talalay method with CompuSyn software (Chou & Talalay, 1984).

MEK inhibitors are a major clinical advance as the first FDA-approved drugs to treat neurofibromas. However, they
perform poorly in MPNSTs as single agents and in combination with mTOR inhibitors. Additionally, results with other
malignant tumors, such as melanoma, indicate that MEK inhibitor resistance may develop within months. YAP-TAZ
signal amplification has been implicated in MEK-sensitive tumors, and, in some cases, activation can promote MEK
inhibitor resistance. Prior studies have mostly used genetic ablation or expression of dominant-negative YAP-TAZ
mutants because YAP and TAZ have been difficult to target with drugs. Fewer studies have addressed whether resistance
can be prevented by TEAD inhibition. Our studies suggest prioritizing testing TEAD inhibitors in combination with MEK
inhibitors for further preclinical testing.

Limitations of this study: Cell-based screening studies can effectively identify promising drug combinations as starting
points for subsequent animal and, potentially, clinical evaluation. However, only 5-10% of cell and animal studies
translate into clinical success. For instance, the combination of MEK and mTOR inhibitors was cytostatic in MPNST
animal models and induced tumor shrinkage yet provided minimal benefit in patients (Kahen et al., 2018; Kim et al.,
2026). A limitation of our dataset is its reliance on a single parental cell line background: ST88-14. Stable resistant
isolates could not be established from sNF02.2 or sNF96.2 cells; thus, all resistance data were generated exclusively in the
ST88-14 cell line. Despite these caveats, the combination of the MEK inhibitor trametinib demonstrated comparable
synergy with TEAD inhibitors in the sSNF02.2 and sNF96.2 cell lines, and another study found synergy with a different
class of YAP-TAZ inhibitors plus MEK inhibitors in other MPNST models (McGee et al., 2025). These findings support
further preclinical testing of the VT103 TEAD inhibitors in combination with MEK inhibitors as a potential therapeutic
strategy for MPNSTs.

Acknowledgements: We thank Dr. David Schultz from the High-Throughput Screening Core of the Perelman School of
Medicine for helpful discussions. We thank Tracy Tang and Len Post from Vivace Therapeutics for the TEAD inhibitors.
We thank the students of CHEM 495 for their assistance.

Data sharing. Primary data from this manuscript are shared on Synapse, and an interactive heat map showing dose-
response titrations of the drugs tested in Panel A is available on the Pharmacomb website
(https://www.med.upenn.edu/fieldlab/).

References

Anastasaki C, Orozco P, Gutmann DH. 2022. RAS and beyond: the many faces of the neurofibromatosis type 1 protein.
Dis Model Mech 15(2): 10.1242/dmm.049362. PubMed ID: 35188187

Benton D, Yee Chow H, Karchugina S, Chernoff J. 2024. Synergistic effect of PAK and Hippo pathway inhibitor
combination in NF2-deficient Schwannoma. PLoS One 19(7): e0305121. PubMed ID: 39083549

Chou TC, Talalay P. 1984. Quantitative analysis of dose-effect relationships: the combined effects of multiple drugs or
enzyme inhibitors. Adv Enzyme Regul 22: 27-55. PubMed ID: 6382953

de Blank PMK, Gross AM, Akshintala S, Blakeley JO, Bollag G, Cannon A, et al., Fisher MJ. 2022. MEK inhibitors for
neurofibromatosis type 1 manifestations: Clinical evidence and consensus. Neuro Oncol 24(11): 1845-1856. PubMed ID:


https://www.med.upenn.edu/fieldlab/
https://www.ncbi.nlm.nih.gov/pubmed/35188187
https://www.ncbi.nlm.nih.gov/pubmed/39083549
https://www.ncbi.nlm.nih.gov/pubmed/6382953

microPublication
BIOLOGY
7/29/2026 - Open Access

35788692

Edwards AC, Stalnecker CA, Jean Morales A, Taylor KE, Klomp JE, Klomp JA, et al., Der CJ. 2023. TEAD Inhibition
Overcomes YAP1/TAZ-Driven Primary and Acquired Resistance to KRASG12C Inhibitors. Cancer Res 83(24): 4112-
4129. PubMed ID: 37934103

Gross AM, Wolters PL, Dombi E, Baldwin A, Whitcomb P, Fisher MJ, et al., Widemann BC. 2020. Selumetinib in
Children with Inoperable Plexiform Neurofibromas. N Engl J Med 382(15): 1430-1442. PubMed ID: 32187457

Guo J, Grovola MR, Xie H, Coggins GE, Duggan P, Hasan R, et al., Field J. 2017. Comprehensive pharmacological
profiling of neurofibromatosis cell lines. Am J Cancer Res 7(4): 923-934. PubMed ID: 28469964

Kiaei DS, Larouche Vr, Décarie JC, Tabori U, Hawkin C, Lippé S, et al., Perreault. 2022. NFB-08. TRAM-01: A Phase 2
study of trametinib for pediatric patients with neurofibromatosis type 1 and plexiform neurofibromas. Neuro-Oncology
24:1129-i1129. DOI: 10.1093/neuonc/noac079.472

Kim A, Ballman KV, Wolters PL, Heise RS, Shern JF, Sundby RT, et al., Widemann BC. 2026. SARCO031: A Phase II
Trial of Selumetinib and Sirolimus for Patients with Unresectable or Metastatic Malignant Peripheral Nerve Sheath
Tumors (MPNST). Clin Cancer Res 32(6): 1068-1077. PubMed ID: 41504652

Laraba L, Hillson L, de Guibert JG, Hewitt A, Jaques MR, Tang TT, et al., Parkinson DB. 2023. Inhibition of YAP/TAZ-
driven TEAD activity prevents growth of NF2-null schwannoma and meningioma. Brain 146(4): 1697-1713. PubMed ID:
36148553

Lin L, Sabnis AJ, Chan E, Olivas V, Cade L, Pazarentzos E, et al., Bivona TG. 2015. The Hippo effector YAP promotes
resistance to RAF- and MEK-targeted cancer therapies. Nat Genet 47(3): 250-6. PubMed ID: 25665005

Long SA, Todd H, Goodhart G, Chang WH, Amparo AM, Bridgens R, et al., Waters AM. 2026. CRISPR-Cas9 Screening
Identifies Resistance Mechanisms to KRAS Inhibition in Pancreatic Cancer. Cancer Res 86(4): 1035-1053. PubMed ID:
41248420

LuH, Liu S, Zhang G, Bin Wu, Zhu Y, Frederick DT, et al., Guo W. 2017. PAK signalling drives acquired drug resistance
to MAPK inhibitors in BRAF-mutant melanomas. Nature 550(7674): 133-136. PubMed ID: 28953887

McGee LE, Grit JL, Essenburg CJ, Agrusa S, Tovar EA, Turner L, et al., Steensma. 2025. YAP signaling promotes
resistance to MEK and AKT inhibition in NF1 -related MPNSTs. : 10.1101/2025.06.16.659334. DOI:
10.1101/2025.06.16.659334

Moertel CL, Hirbe AC, Shuhaiber HH, Bielamowicz K, Sidhu A, Viskochil D, et al., ReNeu Study Investigators. 2025.
ReNeu: A Pivotal, Phase IIb Trial of Mirdametinib in Adults and Children With Symptomatic Neurofibromatosis Type 1-
Associated Plexiform Neurofibroma. J Clin Oncol 43(6): 716-729. PubMed ID: 39514826

Patel AV, Eaves D, Jessen WJ, Rizvi TA, Ecsedy JA, Qian MG, et al., Ratner N. 2012. Ras-driven transcriptome analysis
identifies aurora kinase A as a potential malignant peripheral nerve sheath tumor therapeutic target. Clin Cancer Res
18(18): 5020-30. PubMed ID: 22811580

Tang TT, Konradi AW, Feng Y, Peng X, Ma M, Li J, et al., Post L. 2021. Small Molecule Inhibitors of TEAD Auto-
palmitoylation Selectively Inhibit Proliferation and Tumor Growth of NF2-deficient Mesothelioma. Mol Cancer Ther
20(6): 986-998. PubMed ID: 33850002

White SM, Avantaggiati ML, Nemazanyy I, Di Poto C, Yang Y, Pende M, et al., Yi C. 2019. YAP/TAZ Inhibition Induces
Metabolic and Signaling Rewiring Resulting in Targetable Vulnerabilities in NF2-Deficient Tumor Cells. Dev Cell 49(3):
425-443.e9. PubMed ID: 31063758

Wu LMN, Deng Y, Wang J, Zhao C, Wang J, Rao R, et al., Lu QR. 2018. Programming of Schwann Cells by Lats1/2-
TAZ/YAP Signaling Drives Malignant Peripheral Nerve Sheath Tumorigenesis. Cancer Cell 33(2): 292-308.e7. PubMed
ID: 29438698

Yang Y, Gurunathan S, Schechter S, Field J. 2026. TEAD inhibitors synergize with MEK, SHP2 and mTOR inhibitors in
NF1 and NF2 cell lines. MicroPubl Biol 2026: 10.17912/micropub.biology.002107. PubMed ID: 42125750

Yap TA, Kwiatkowski DJ, Dagogo-Jack I, Offin M, Zauderer MG, Kratzke R, et al., Kindler HL. 2025. YAP/TEAD
inhibitor VT3989 in solid tumors: a phase 1/2 trial. Nat Med 31(12): 4281-4290. PubMed ID: 41111090

Zheng S, Wang W, Aldahdooh J, Malyutina A, Shadbahr T, Tanoli Z, Pessia A, Tang J. 2022. SynergyFinder Plus: Toward
Better Interpretation and Annotation of Drug Combination Screening Datasets. Genomics Proteomics Bioinformatics
20(3): 587-596. PubMed ID: 35085776

Funding: Supported by the AY GAPSA Provost Fellowship for Interdisciplinary Innovation, the Children’s Tumor
Foundation (2019-05-004) and the DOD (CDMRP NF180079).



https://www.ncbi.nlm.nih.gov/pubmed/35788692
https://www.ncbi.nlm.nih.gov/pubmed/37934103
https://www.ncbi.nlm.nih.gov/pubmed/32187457
https://www.ncbi.nlm.nih.gov/pubmed/28469964
https://doi.org/10.1093/neuonc/noac079.472
https://www.ncbi.nlm.nih.gov/pubmed/41504652
https://www.ncbi.nlm.nih.gov/pubmed/36148553
https://www.ncbi.nlm.nih.gov/pubmed/25665005
https://www.ncbi.nlm.nih.gov/pubmed/41248420
https://www.ncbi.nlm.nih.gov/pubmed/28953887
https://doi.org/10.1101/2025.06.16.659334
https://www.ncbi.nlm.nih.gov/pubmed/39514826
https://www.ncbi.nlm.nih.gov/pubmed/22811580
https://www.ncbi.nlm.nih.gov/pubmed/33850002
https://www.ncbi.nlm.nih.gov/pubmed/31063758
https://www.ncbi.nlm.nih.gov/pubmed/29438698
https://www.ncbi.nlm.nih.gov/pubmed/42125750
https://www.ncbi.nlm.nih.gov/pubmed/41111090
https://www.ncbi.nlm.nih.gov/pubmed/35085776

microPublication
BIOLOGY

7/29/2026 - Open Access
Conflicts of Interest: The authors declare that there are no conflicts of interest present.

Author Contributions: Yang Yang: investigation, data curation, formal analysis. Jianman Guo: data curation, formal
analysis, investigation. Sharavana Gurunathan: investigation, data curation, formal analysis. Shane Schechter: data
curation, writing - review editing. Jeffrey Field: conceptualization, funding acquisition, project administration, writing -
original draft.

Reviewed By: Anonymous

History: Received April 22, 2026 Revision Received July 16, 2026 Accepted July 26, 2026 Published Online July 29,
2026 Indexed August 12, 2026

Copyright: © 2026 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Yang Y, Guo J, Gurunathan S, Schechter S, Field J. 2026. TEAD inhibitors re-sensitize drug-resistant NF1
MPNST cells to MEK inhibitors. microPublication Biology. 10.17912/micropub.biology.002161



https://doi.org/10.17912/micropub.biology.002161

