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Abstract: Neurofibromatosis type 1 (NF1) is an autosomal dominant neurocutaneous disorder. Clinically, the hall-
marks of NF1 include skin pigmentation and cutaneous neurofibroma. Some NF1 patients develop plexiform neu-
rofibroma (PN) since early childhood. Pathologically, PN contains abundant Schwann cells, blood vessels and con-
nective tissues, which may transform into a malignant peripheral nerve sheath tumor (MPNST). MPNST is a highly 
invasive sarcoma without any effective therapy. Recently, both in vitro and in vivo studies showed that cordycepin 
can inhibit the growth of MPNST cells. Cordycepin causes cell cycle arrest at G2/M phase and downregulates the 
protein levels of α-tubulin, p53 and Sp1. Herein, the present study revealed that the HDAC11 inhibitor, FT895, 
can synergistically enhance the tumoricidal effect of cordycepin against MPNST cells in vitro. Treatment with the 
combination of cordycepin and FT895 reduced the size of MPNST in the xenograft mouse model. The combined 
treatment decreased the protein levels of α-tubulin and KIF18A, which may disrupt the microtubule organization 
leading to the mis-segregation of chromosomes and aneuploidy. Moreover, the expression levels of TEAD1 and its 
co-activator TAZ, the candidate proteins in hippo signaling pathway, were suppressed after combined treatment. 
Sequence analysis found a few binding sites for the transcription factor, TEAD1 in the promoter regions of TUBA1B, 
KIF18A, TEAD1, TAZ, YAP, TP53 and SP1 genes. ChIP-qPCR assay showed that the combined treatment decreases 
the binding of TEAD1 to the promoters of TUBA1B, KIF18A, TEAD1, TAZ and YAP genes in STS26T cells. The reduced 
binding to TP53 and SP1 promoters was also found in S462TY cells, which was further confirmed by immunoblot-
ting. The down-regulation of these important transcriptional factors may contribute to the vulnerability of MPNST. In 
summary, HDAC11 inhibitor, FT895 can potentiate the tumoricidal effect of cordycepin to suppress the MPNST cell 
growth, which was probably mediated by the dysfunction of hippo-signaling pathway.
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Introduction

Neurofibromatosis type 1 (NF1) is an autoso-
mal dominant neurocutaneous disorder with a 
prevalence of 1 in 3,500 individuals worldwide. 
The hallmarks of NF1 are the skin pigmentation 
and the cutaneous neurofibroma which grows 
along the peripheral nerves and mainly com-
prises of Schwann cells. Besides the cutane-
ous tumor, about one in four NF1 patients can 
develop one or more plexiform neurofibroma(s) 
(PN) [1, 2]. The PN typically appears at early 
childhood, containing abundant Schwann cells, 
collagen tissues, and blood vessels surround-

ing the entire nerve [3]. Most of the neurofibro-
ma is benign, however, it can be transformed 
into a malignant sarcoma celled malignant 
peripheral nerve sheath tumor (MPNST). Pa- 
tients with NF1 have a 5-13% life-time risk to 
develop an MPNST; the risk is even more higher 
in patients with a large plexiform neurofibroma 
[4, 5]. For the treatment of MPNST, surgical 
excision is the only method to cure this intrac-
table condition; however, the procedure is usu-
ally limited due to the large size, the encase-
ment of large vessels or vital organs, or early 
metastasis. There is no effective chemo- or 
radio-therapy and the five-year survival rate is 
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low. Thus, it remains an unmet medical need 
for the treatment of MPNST.

Histone deacetylases (HDACs) play a key role  
in transcription regulation by removing acetyl 
group at the lysine residue of histone and non-
histone proteins. HDACs can be classified into 
four classes (class I-IV) [6]. It has been report-
ed that aberrant expression of HDACs was 
found in various cancers, e.g., HDAC1 in pros-
tate, gastric and breast cancers [7-9], HDAC2 in 
colorectal cancer [10], HDAC6 in breast cancer 
[11], HDAC11 in lung, pancreatic cancers, and 
lymphoma [12-14]. The differential expression 
of HDAC in cancers makes it as a potential tar-
get for cancer therapy. HDAC11 is a newly dis-
covered HDAC, which is the only member in 
HDAC class IV. HDAC11 has diverse substrates 
including histone and nonhistone proteins. For 
example, it can regulate the binding affinity of 
E2F1 and E2F4 to the adrenodoxin reductase 
tumor suppressor (ARH1) protein by deacety-
lation in breast cancer cells [15]. Inhibition of 
HDAC11 could increase the expression of OX- 
40 ligand in Hodgkin lymphoma. The induced 
OX40L further inhibited the generation of IL-10 
producing Tr1 cells; subsequently, the host 
immunity was shifted toward the favorable anti-
tumor immune response [13]. In neuroblasto-
ma cells, depletion of HDAC11 leads to arrest 
of cell cycle, i.e., cancer cells accumulated in 
G2/M phase with aberrant formation of spindle 
assemblies; consequently, the cells underwent 
apoptosis [16]. FT895 is an analog of N-hydroxy-
tetrahydroisoquinoline-7-carboxamide, a highly 
selective inhibitor to HDAC11, which shows 
more than 1000-fold selectivity against other 
HDACs [17]. FT895 can inhibit the proliferation 
of JAK2-driven myeloproliferative neoplasm by 
blocking the JAK/STAT signal pathway [18]. In 
lung cancer, FT895 reduced the self-renewal of 
cancer stem cells from non-small cell lung can-
cer and inhibited the growth of drug-resistant 
cancer cell stem cells by suppressing Sox2 
expression [19]. These studies suggested that 
FT895 might be a potential therapeutic agent 
for cancers. Our previous study showed that 
cordycepin inhibits the growth of MPNST cells 
via the suppression of Sp1, p53 and tubulin 
expression [20]. However, the cytotoxic effect 
to MPNST cells required a relatively high con-
centration of cordycepin and the susceptibility 
in MPNST cell lines was variable. To avoid the 
adverse reaction from cordycepin and enhan- 
ce the suppression of MPNST cell growth, the 
combined treatment with a HDAC inhibitor 

serves as an alternative treatment strategy. In 
this regard, we examined whether there is any 
synergistic effect after the low-dose cordycepin 
treatment combined with the specific HDAC11 
inhibitor, FT895. The study demonstrated that 
the combined treatment synergistically inhibits 
the proliferation of MPNST cells in vitro and in 
vivo. The cell cycle of the treated MPNST cells 
arrested at G2/M and S phases with signifi-
cantly reduced the expression of tubulin pro-
tein. We also found that protein level of the 
transcription factor, TEAD1 and its co-activa-
tors TAZ and YAP1, were significantly reduced 
post the combined treatment. The details of 
transcription control after treatment were eval-
uated by ChIP-quantitative PCR and poly(A) tail 
length assays. Our results indicated that after 
the combined treatment, Hippo signaling path-
way may involve in the induction of MPNST cell 
death.

Materials and methods

Cell culture

The S462TY cell line was a kind gift from Dr. 
Timothy Cripe (Nationwide Children’s Hospital 
Columbus, OH) [21]. The MPNST cell lines, 
STS26T, T265 and ST8814 have been reported 
before [22] and were gifted from Dr. Nancy 
Ratner (Cincinnati Children’s Hospital, Cin- 
cinnati OH). The cells were grown as described 
elsewhere [23]. sNF96.2 and Hs53T were pur-
chased from ATCC and cultured according to 
ATCC’s instruction. LinNF neurofibroma cells 
was the primary culture collected from the be- 
nign neurofibroma of a NF1 patient who had 
signed the inform consent. The cells were kept 
in humid incubator at 37°C with 5% CO2. The 
sample used in this study was approved by the 
Institutional Review Board of National Taiwan 
University Hospital, Taipei, Taiwan.

Cell proliferation assay

To evaluate the cytotoxicity of FT895 and cordy-
cepin, the cells were seeded onto the 96-well 
plates at a density of 2×105 cells/mL, the day 
before treatment. The cells were treated with 
different concentrations of FT895, cordycepin 
or the combination of both drugs for 48 hours. 
At the end of the treatment, 7.5 μL of MTT (3- 
(4, 5-dimethylthiazol-a-yl)-2, 5-diphenyl tetrazo-
lium bromide) at the concentration of 5 mg/mL 
was added to each well, and cells were incu-
bated for 3.5 h at 37°C. After incubation, 75 μL 
of DMSO was added to each well for 20 min at 
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room temperature to dissolve the precipitates, 
and the absorbance was recorded by plate 
reader at the wavelength of 590 nm. The viabil-
ity was analyzed by comparison of the absor-
bance between treatment- and control-groups.

Western blot

Cells were lysed using RIPA buffer for the 
extraction of proteins. The bicinchoninic acid 
(BCA) protein assay was employed to determine 
the protein concentration. Equal amounts of 
the lysate protein were separated by SDS- 
PAGE followed by transferring to a PVDF mem-
brane. After blocking with 5% skim milk for one 
hour at room temperature, the membrane was 
probed with the specific primary antibody over-
night at 4°C. The primary antibodies inclu- 
de anti-β-actin (1:4000, 4967S, Cell Signaling 
Inc.), anti-α-tubulin (1:5000, 11224-1-AP, Pro- 
teintech Group, Inc, Rosemont, IL), anti-ace- 
tyl-α-tubulin (1:3000, GeneTex), anti-GAPDH 
(1:10000, 10494-1-AP, Proteintech), anti-his-
tone H3 (1:2000, abcam), anti-histone H3ac 
(1:2000, Merck Millipore), anti-histone H3K9ac 
(1:2000, Cell Signaling), anti-TAZ (1:2000, Cell 
Signaling), anti-YAP1 (1:2000, GeneTex), anti-
TEAD (1:2000, GeneTex), anti-KIF18A (1:2000, 
GeneTex), anti-HDAC6 (1:2000, GeneTex), an- 
ti-HDAC11 (1:2000, Cell Signaling), anti-ERK 
(1:2000, Cell Signaling) and anti-phospho-ERK 
(1:2000, Cell Signaling) antibodies. Then, the 
membranes were washed with PBS containing 
0.1% Tween 20 and incubated with horsera- 
dish peroxidase-conjugated secondary anti-
body, anti-rabbit IgG-HRP (#A120-101P, Bethyl, 
Montgomery, TX) for two hours. The protein sig-
nals were detected using the enhanced chemi-
luminescence method and the snapshot imag-
es were captured by UVP BioSpectrum 810 
Imaging System (UVP, Cambridge, UK).

Cell cycle analysis

The treated cells were harvested and washed 
with ice-cold PBS. Then, the cells were fixed by 
70% ethanol at -20°C for one hour. The cells 
were centrifuged at 300xg for 5 min and incu-
bated in 0.1% Triton X-100, 2 μg/mL of RNase A 
and 20 μg/mL of propidium iodide at room tem-
perature for 30 min in the dark. The cells were 
filtered by 35 μm nylon mesh to remove aggre-
gates before subjected to fluorescence-activat-
ed cell sorting (FACS) analysis (FACSVerse, BD 
Bioscience, USA). Exclusion of aggregates was 
carried out to gate the single cell population on 

pulse-W versus pulse-A plot. The phase analy-
sis of cell cycle was to fit a Gaussian curve. The 
plot was drew and analyzed by FloJo version 10.

Xenograft mouse

The male Balb/c nude mice at age 4 weeks 
were purchased from the BioLASCO Experi- 
mental Animal Center (BioLASCO, Taipei, Tai- 
wan). All procedures in animals were approved 
by Institutional Animal Care and Use Commi- 
ttee of National Taiwan University Hospital 
(20190122). The STS26T and S462TY cells 
(5×106) were prepared in 0.1 mL DMEM medi-
um and mixed with 0.1 mL of Corning® Matrigel 
(Coring, NY, USA). The mixture was injected sub-
cutaneously into the flank of each nude mouse. 
The tumor sizes were measured using calipers, 
and the tumor volumes were estimated accord-
ing to the following formula: Tumor volume 
(mm3) = maximum length (mm) × (perpendicu-
lar width (mm)2)/2. As soon as the tumor 
reached a mean size of 100-150 mm3, the mice 
were subjected to injections with total volume 
of 100 μL of PEG, 10 mg/kg (full dose) or 5 mg/
kg (half dose) of cordycepin, 1 mg/kg (full dose) 
or 0.5 mg/kg (half dose) of FT895, and the 
combination of cordycepin and FT895. The 
injections were carried out three times a week 
via the tail vein injection for at least 20 days. 
The body weight was recorded and the tumor 
volume was assessed using a Vernier caliper 
regularly.

Gene-specific measurement of poly(A) length

To assess the poly(A) tail length of the candi-
date genes, we used poly(A) tail length assay 
kit (Affymetrix, 76455, Thermo Fisher Scientific) 
to analyze the length. The method is based on 
high resolution poly(A) tail (Hire-PAT) assay. The 
procedure was described before [20]. In brief, 
the guanosine and inosine (G/I) residues were 
annealed onto the 3’ end of the mRNA isolated 
from the samples. The tailed-RNAs are reverse-
transcribed using the newly added G/I tails as 
the priming sites. PCR amplification was per-
formed using two primer sets: (1) a gene-specif-
ic forward and reverse primer set designed 
upstream of the polyadenylation site as a con-
trol and (2) a gene-specific forward primer and 
the universal reverse primer which is provided 
by the kit to generate a product including the 
poly(A) tail and the control amplicon. The prim-
er sets used to detected gene-specific poly(A) 
tail length are as follows: TUBA1B (forwa- 
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GCCTGGGTTTCTTC-3’), TP53 (forward, 5’-CAG- 
GCTTCAGACCTGTCTCC-3’; reverse, 5’-AGTGCC- 
TATATCAGTGCTGGG-3’), SP1 (forward, 5’-GTC- 
TTTTTAGGCGGACACCA-3’; reverse, 5’-GGAGG- 
GACTTGCAGAAGAAA-3’).

Immunofluorescence and confocal microscopy

Cells grew on Ibid tissue culture dishes (IB-
81156, Ibidi) overnight, and then were treated 
with cordycepin, FT895 or the combination for 
24 hours. Treated cells were washed with PBS 
twice and fixed in 4% paraformaldehyde for 30 
min at room temperature (RT). Permeation was 
applied with 0.1% Triton X-100 for 10 min at RT. 
The coverslips were blocked in PBS containing 
5% fetal bovine serum for 1 h at RT. For immu-
nostaining, the primary antibodies, anti-tubulin, 
anti-YAP1 and anti-TAZ antibodies were added 
onto the slide and incubated overnight at 4°C. 
The cell nuclei were stained by incubation with 
DAPI for 10 min at RT, and the cells were mount-
ed using mounting medium for microscopy. The 
confocal images of tubulin assembly were 
acquired with a Zeiss LSM 880 (Zeiss, Ger- 
many). The images for nuclear translocation  
of YAP1 and TAZ were assessed using EVOS 
M7000 imaging system (ThermoFisher Scien- 
tific, MA USA).

Statistics and data analysis

All the experimental values were presented as 
mean ± SEM (standard error of mean). The 
analysis was performed by using Graphpad 
Prism version 9. For statistical comparison of 
values in xenograft mouse and ChIP assay, the 
Student t test was employed. For the compari-
son of values in those cells with nuclear tr- 
anslocation, Chi-square test was employed. A 
P-value of less than 0.05 was considered to be 
significant.

Results

The differential cytotoxicity effect of HDAC11 
inhibitor FT895 on the neurofibroma and 
MPNST cell lines

In order to assess the inhibitory effect of cell 
growth in neurofibroma and MPNST, the specif-
ic HDAC11 inhibitor, FT895 was applied to the 
cultures. The MTT assay showed that the con-
centration of IC50 of FT895 on the neurofibroma 
primary culture LinNF is 121.9 μM, and 77.16 
μM for NF1-related MPNST, sNF96.2, and 
58.49 μM for the sporadic MPNST, STS26T. 
However, the extent of IC50 is much lower in 

rd, 5’-GAAGAAGGAGAGGAATACTAA-3’; reverse, 
5’-GATGTTAATGACTTTACTTTGAG-3’), ACTB (for-
ward, 5’-TGCTTTCGTGTAAATTATGTAATGC-3’; re- 
verse, 5’-CATTTTTAAGGTGTGCACTTTTATTC-3’), 
YAP1 (forward, 5’-ATTGTGGGTGTGCCTATCATA- 
AC-3’; reverse, 5’-GAAGAGTTTAAGGAAAGAAT- 
ATATTTGAAC-3’), and WWTR1 (forward, 5’- 
TTGACAGAGACCATTTTCCTAACA; reverse, 5’- 
TGGAAGTTCAATTGTCTTTATTTTTC-3’). The gen-
escan method was employed to observe the 
changes in the poly(A) tail length after treat-
ment. The fragment size was calculated by 
interpolation, using the Peak Scanner software 
2.0. The actual poly(A) length can be deter-
mined by the subtraction between the fragment 
size obtained from forward primer site to the 
5’-juxta-polyadenylation reverse primer site 
and the fragment size from the same forward 
primer to the universal reverse primer site.

Chromatin immunoprecipitation (ChIP) assay

The ChIP assay was carried out following the 
manufacturer’s protocol of the Pierce Magnetic 
ChIP Kit (Thermo Fisher Scientific™). In brief, 
the chromatin from the cells was digested with 
MNase and sheared by sonication to fragment 
with the size less than 400 bp. The fragments 
were centrifuged (9000×g) at 4°C for 5 min. 
Ten percent of the diluted supernatant (input) 
was collected and served as the control tem-
plate. The sheared chromatin was then, immu-
noprecipitated with 5 μg of anti-acetyl histone 
H3 and anti-TEAD1 antibodies (Merck Millipore) 
overnight. Magnetic beads and magnetic se- 
paration device (Merck, Darmstadt, Germany) 
were employed to isolate the protein/DNA com-
plexes from the crude chromatin mixture. After 
elution, the DNA from immunoprecipitated 
samples and the inputs were recovered by phe-
nol/chloroform. The input DNA and antibody-
bound chromatin DNA were then subjected to 
the quantitative PCR to semi-quantifying the 
DNA copy number. The primers to amplify a 
fragment at the promoter region of the TUBA1B, 
KIF18A, TAZ, YAP1, TEAD1, TP53 and Sp1 
genes were designed. The primer sequences 
are as follows: TUBA1B (forward, 5’-CATTTC- 
ACGGTGCTTCGTC-3’; reverse, 5’-AAAGACACC- 
GACCAGGGAAT-3’), KIF18A (forward, 5’-CAG- 
GTGAAGAGACCCCACAT-3’; reverse, 5’-AGAGGT- 
GGAGTTTGGGTGTG-3’), TAZ (forward, 5’-GGCT- 
GTCATCCCAACACTTT-3’; reverse, 5’-CCAGACT- 
CAAGCGATTCTCC-3’), YAP (forward, 5’-ACAGG- 
GATAGCAGGGGTAGG-3’; reverse, 5’-GTGCGTC- 
TTCAGGTACAAGC-3’), TEAD1 (forward, 5’-GTC- 
CCGGACTAGGGAAACTG-3’; reverse, 5’-TGGAA- 
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neurofibroma cell line hs53T (13.12 μM) and 
MPNST cell lines, S462TY (6.76 μM), T265 
(10.09 μM), ST8814 (22.88 μM) (Figure 1A). 
Among them, S462TY cells were most vulnera-
ble to HDAC11 inhibition. These findings sug-
gest that MPNST cell lines seem to be more 
sensitive to the administration of FT895.

Our previous work showed that cordycepin can 
inhibit the proliferation of MPNST cells, howev-
er, the dosage used to treat S462TY cells was 
relatively high, (IC50, 768.6 μM) [20]. While con-
sidering enhancing the inhibition of cell prolif-
eration with a lower concentration of cordyce-
pin, the HDAC inhibitor, FT895 has been chosen 
as an add-on drug to evaluate whether there is 
any synergism on suppression of the cell grow- 
th of MPNST. The administration of FT895 re- 

markably increased the sensitivity of S462TY 
and other MPNST cells to the treatment of 
cordycepin. The isobolograms showed a syner-
gistic effect of the combination treatment to 
MPNST cells (Figure 1B). Nevertheless, there 
was only an additive effect in the benign neu- 
rofibroma cell line, Hs53T. These findings sug-
gest that MPNST cells are sensitive to cordyce-
pin treatment and FT895 can potentiate the 
inhibitory effect.

Cordycepin combined with FT895 induced ab-
errant chromosome positioning in the MPNST 
cells

Our previous study demonstrated that cordyce-
pin can induce cell cycle arrest at the G2/M 
and S phases in the treated MPNST cells. The 

Figure 1. IC50 of FT895 and isobolo-
graphic analysis of combined treat-
ment with cordycepin and FT895, 
to the different MPNST cell lines. A. 
IC50 of FT895 determined in primary 
neurofibroma cell (Lin), benign neuro-
fibroma cell line (Hs53T), and MPNST 
cell lines (STS26T, S462TY, T265, 
8814) with the treatment of FT895. 
B. The IC50 isobologram of cordycepin 
and FT895. The dashed line repre-
sents the additive effects of combina-
tion of drugs, and the lower left side 
of the dashed line represents a syn-
ergistic effect. Each data point (red) 
indicates the IC50 of combination of 
cordycepin and FT895 with different 
concentrations in MPNST cell lines.
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Figure 2. Flow cytometry analysis of MPNST cells 
after the combined treatment of cordycepin and 
FT895. A. STS26T cells with the treatment of 200 
μM of cordycepin and 10 μM of FT895 for 48 hours 
show aneuploid DNA contents with the flow cytome-
try analysis; B. S462TY cells with the combined treat-
ment shows aneuploidy of chromsomes. C. T265 
cells with the combined treatment shows increased 
cell population in S phase, and decreased popula-
tion in G1 and G2/M phase.

defects in tubulin and microtubule formation 
after treatment result in aberration of chromo-
some segregation during the process of repli-
cation [20]. Here, we found that the combined 
treatment of cordycepin (200 μM) and FT895 
(10 μM) also induced the aberrant number of 
chromosomes in STS26T and S462TY, and cell 
cycle arrest in T265 MPNST cells. According  
to the flow cytometry analysis, the copy number 
of chromosomes was abnormal in STS26T and 
S462TY cells after treatment, more cells wi- 
th aneuploid chromosomes at G1 phase in 
STS26T (Figure 2A) and with aneuploid at 
G2/M in S462TY cells (Figure 2B). While in 
T265 cells, the cell cycle was arrested at S 
phase after combined treatment (Figure 2C). 

Albeit a less concentration of cordycepin (200 
μM) used in the combination, the suppression 
of cell growth with abnormal cell cycle arrest 
and chromosome mis-segregation remains 
prominent in those treated MPNST cells. We 
previously reported that cordycepin can induce 
cell cycle arrest due to disruption of microtu-
bule assembling. In order to investigate wheth-
er the combined treatment affect microtubule 
network as well, confocal microscopy was em- 
ployed to detect its integrity. The crumple of 
tubulin leading to shrinkage of microtubules 
was observed (Figure 3A), and the network 
area was significantly dwindled in STS26T and 
S462TY cells after treatment (Figure 3B). The- 
se results suggested that the combination of 
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Figure 3. Impaired microtubule network in MPNST cells with the combined treatment of cordycepin and FT895. (A) 
Immunofluorescent image of α-tubulin (green) network in STS26T and S462TY cells after the treatment of DMSO 
(control group, left panel) or of the combination of 200 μM of cordycepin and 10 μM of FT895 (combined group, 
right panel). Blue color indicates DAPI staining. Scale bar, 20 μm. (B) The changes of microtubule area after the 
treatments were calculated from the green area of (A) by using image J. The student’s t-test was employed to com-
pare the microtubule network area between the DMSO and the combined group (***P<0.001).

cordycepin and FT895 spoils the integrity of 
microtubule network with the consequent im- 
pairment of mitosis. Mis-segregation of chro-
mosomes with overloaded aneuploid MPNST 
cells after treatment results in further suppres-
sion of cell growth.

Combination of cordycepin and FT895 inhib-
ited tumor growth in xenograft mouse model

While combined treatment of cordycepin and 
FT895 suppressed the MPNST cell proliferation 
in vitro in a synergistic manner, we further us- 
ed xenograft mouse model to evaluate whether 
there is still an inhibitory effect of tumor grow- 
th in vivo post the combined treatment. The 
nude mice were subcutaneously inoculated 
with S462TY and STS26T cells. The 10 mg/kg 
of cordycepin (n=5), 1 mg/kg of FT895 (n=5) 
and the combination of cordycepin and FT895 
(n=5) were intravenously (via tail vein) injected 
in every other day (Figure 4A). Compared to 
control group (n=4), all of the mice were tumor-
free in the treatment groups after twenty-one 
days of treatment. However, there was no sig-
nificant difference of tumor size among the 
treatment groups (Figure 4B). Given the syner-
gistic effect of these two drugs and considering 
reducing the dose-related side effects, we fur-

ther employed cordycepin, FT895 and the com-
bination with half the dose to treat the inocu-
lated xenograft mice. The 5 mg/kg of cordyce- 
pin (n=5), 0.5 mg/kg of FT895 (n=5) and com-
bined treatment (n=5) were given to the mice 
with inoculation of S462TY cells in every other 
day (Figure 4C). And to preclude the cell-line 
specific effect, some more mice were subject-
ed to inoculate the STS26T cells and were only 
received the combination therapy. All of the 
mice with S462TY or STS26T inoculation were 
tumor-free at the end of treatment (Figure 4D 
and 4E). However, the volume of S462TY tumor 
was reduced significantly quick in the combin- 
ed treatment group than those with cordycepin 
or FT895 treatment alone at the treatment 
days (Figure 4D). The mice in the combined 
treatment group became tumor free in 24 days; 
however, it took 34 days in those mice treat- 
ed with either cordycepin or FT895 alone. No 
tumor recurrence was observed after the treat-
ment stopped (30 days of observation). These 
in vivo findings in the xenograft mouse model 
validate the synergistic effect observed in the 
in vitro study. Since cordycepin is a small mol-
ecule (M.W.=251.24 g/mol), the bioavailability 
of cordycepin given by intrperitoneal route 
would be close to that given by intravenous 
route [24]. In our previous study, a higher dose 
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Figure 4. Tumor size of the xenograft mouse model after treatment of cordycepin, FT895 or the combination of both. 
A. The nude mice bearing S462TY cells were divided to four groups: control (N=4), 10 mg/kg of cordycepin (cordy-
cepin group, N=5), 1 mg/kg of FT895 (FT895 group, N=5) and the combination of cordycepin and FT895 (combined 
group, N=5). The nude mice received medications three times a week via tail vein injection. B. The tumor size was 
plotted as fold change by normalization to the tumor size of day 0. C. The nude mice bearing S462TY cells receive 
half dose of cordycepin (5 mg/kg, N=5), FT895 (0.5 mg/kg, N=5), the combination of cordycepin and FT895 (N=5), 
and control group (N=3). D. The normalized tumor size with half-dose treatment. The reduction of tumor size in com-
bined group was much more than the cordycepin group and FT895 group (**P<0.01, student’s t-test). E. The nude 
mice bearing STS26T cells were divided to control group (N=3) and combined group (5 mg/kg of cordycepin and 0.5 
mg/kg of FT895, N=6). The tumor size was represented by the normalized tumor volume.

of cordycepin (67 mg/kg) was used in xeno-
graft mouse model through intraperitoneal in- 
jection and only mild adverse effect was report-
ed. The dosage of cordycepin used in this study 
(5 mg/kg) is much less than that used in intra-
peritoneal injection. In this study, there was no 
decrease of body weight in most of the xeno-
graft mice during the course of treatment. The 
complete blood cell counts and biochemistry 
profile were also unremarkable in the mice of 
each treatment group. These results indicated 
that the combined treatment of cordycepin and 
FT895 is less toxic to the mouse.

Cordycepin and FT895 suppressed α-tubulin 
and KIF18A expression in MPNST cells

Given the aneuploidy and cell cycle arrest in 
MPNST cells treated with cordycepin and FT- 
9895, we further evaluated the expression lev-
els of microtubule-associated proteins which 
affects proper segregation of chromosomes.  
In previous study, we reported that cordycepin 
can reduce the expression level of α-tubulin in 
MPNST cells [20]. The combination treatment 
of cordycepin and FT895 led to a similar effect 
on MPNST cells in the present study. Expression 
of α-tubulin was significantly reduced after the 
combined treatment, but not treated with FT- 
895 alone (Figure 5). Moreover, the concentra-
tion of cordycepin applied to S462TY in com-
bined treatment (200 μM) was less than the 
one which we previously reported (300 μM). 
Considering the defect of cell mitosis, we next 
assessed the level of kinesin-like protein 18A 
(KIF18A) which regulates the chromosome po- 
sitioning during segregation process. FT895 
did not inhibit the KIF18A protein expression, 
however, the combined treatment markedly 
reduced the level of KIF18A in S462TY and 
STS26T cells (Figure 5) which may confer to the 
aneuploidy found in those treated cells. These 
findings suggested that combination of cordy-
cepin and FT895 suppresses the protein ex- 
pression of α-tubulin and KIF18A, which may 
destabilize the microtubule network and ham-
per the chromosome segregation.

In our previous study, cordycepin shortened the 
poly(A) tail length of TUBA1B in S462TY and 
STS26T cells, which leads to the mRNA insta- 
bility with subsequently decrease of protein 
expression of α-tubulin [20]. Combined treat-
ment of cordycepin and FT895 also affected 
the poly(A) tail length in both STS26T and 
S462TY cells, with more emphasis on STS26T 
cells (Figure 6).

Hippo pathway was affected after combined 
treatment of cordycepin and FT895

Activation of Hippo-TAZ/YAP signaling has been 
reported to be crucial to the tumorigenesis of 
MPNST [25]. In order to evaluate whether the 
combined treatment affects the Hippo path-
way, we examined the protein levels of tran-
scription factor TEAD1 and its associated pro-
teins, TAZ and YAP1. FT895 or cordycepin re- 
duced the TEAD1 expression, and the com-
bined treatment further suppressed the level  
of TEAD1 in S462TY, STS26T and T265 cells 
(Figure 5). The TAZ expression was significantly 
decreased after the combined treatment, whi- 
ch is similar to that found in TEAD1. However, 
neither the single nor the combined treatment 
can affect the protein expression of YAP1 
(Figure 5). Besides the Hippo signaling path-
way, we also evaluated other molecular mecha-
nism involving in the suppression of MPNST 
cells after treatment. Phosphorylated p38 
MAPK protein was decreased in S462TY, STS- 
26T and T265 cells. Furthermore, the total p38 
MAPK protein was also reduced in S462TY and 
STS26T cells after combined treatment (Figure 
5). The total and phosphorylated ERK proteins 
were not affected (Figure 5). These results sug-
gested that the combined treatment of cordy-
cepin and FT895 involves the Hippo pathway 
which supports the MPNST growth.

The epigenetic control of the candidate gene 
expression post combined treatment

Since FT895 is the specific inhibitor of HDAC11, 
we then investigated the epigenetic modifica-
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Figure 5. Western blotting for the specific protein levels in MPNST cells after 
treatment with 200 μM of cordycepin, 10 μM of FT895 and combination 
of cordycepin and FT895. Immunoblotting of HDAC11, α-tubulin, KIF18A, 
TEAD1, YAP, TAZ, total and phosphorylated p38, total and phosphorylated 
ERK, and GAPDH proteins in Hs53T, S462TY, STS26T and T265.

munoprecipitation (ChIP) with 
anti-acetyl histone H3 antibo- 
dy was employed to pull down 
the transcriptionally active pro-
moter region of the candida- 
te genes. The copy number of 
promoter DNA has been semi-
quantified using real-time PCR 
methodology. The evaluation 
of ΔΔCT values showed that the 
level of active promoter region 
of TUBA1B and KIF18A gene 
was decreased in STS26T and 
S462TY cells, but remained 
unchanged in Hs53T cells af- 
ter combined treatment (Figure 
7A). The decrease of promoter 
DNA copy number which im- 
munoprecipitated by anti-ace-
tyl histone H3 suggest the in- 
hibition of the transcription 
activity of TUBA1B and KIF- 
18A which was consistent to 
the decreased protein levels 
(Figure 5). Moreover, the levels 
of the active promoter regions 
of TEAD1, YAP and TAZ genes 
was also decreased in STS26T 
and S462TY cells, but not in 
Hs53T cells (Figure 7B). We 
also examined the copy num-
bers of active promoter DNA of 
TP53 and Sp1 genes binding  
to acetylated-histone 3. In our 
previous study, the protein lev-
els of p53 and Sp1 were de- 
creased after the cordycepin 
treatment. However, with the 
combined treatment of cordy-
cepin and FT895, there is no 
significant difference between 
the control group and com-
bined group (Figure 7C).

TEAD1 also known as transcri- 
ptional enhancer factor TEF-1, 
can bind to the M-CAT-like se- 
quence motif (CATTCA/T) on 
the promoter region [26]. As 
shown in Figure 8, the M-CAT-
like motif can be identified  
in TUBA1B, KIF18A and TP53 
promoter regions. Furthermo- 

re, the sequence motif can also be identified  
in the promoter region of TEAD1 gene itself 

tion on MPNST cells after the combined treat-
ment of FT895 and cordycepin. Chromatin im- 
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Figure 6. The poly(A) tail length of the mRNA of TUBA1B genes in Hs53T, STS26T and S462TY cells was measured and compared before and after combined treat-
ment of 200 μM of cordycepin and 10 μM of FT895. The cluster of peaks, like shark teeth represents the poly(A) tails which were from the amplification of the 3’end 
and poly(A) of the candidate gene. The size of poly(A) tail length and the semi-quantitation of the PCR product were assessed using peak scanner software.
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Figure 7. Transcription activity of microtubule associated proteins, hippo-signaling proteins and apoptosis-related 
protein in the MPNST cells after the combined treatment of cordycepin (200 μM) and FT895 (10 μM). Chromatin 
immunoprecipitation assay was employed using anti-acetyl histone H3 antibody to pull down the transcriptionally 
active promoter region. The copy number of promoter DNA was determined by using real-time PCR with specific 
primer pairs for TUBA1B, KIF18A (A, ***P<0.001), TEAD1, YAP, TAZ (B, *P<0.05, ***P<0.001), TP53 and SP1 (C). The 
fold change represents the copy number of combined group relative to the control (DMSO) group. The copy number 
of control group was considered as one hundred percent.

(Figure 8). Thus, the binding can facilitate its 
own transcription and there may be a self-regu-
lated epigenetic control of expression in TEAD1 
gene. The M-CAT-like motif was also detected in 
the promoter regions in YAP1 and TAZ genes 
which are the coactivator of TEAD1 in Hippo  
signaling pathway. These findings prompt us  
to envisage whether the transcription factor, 
TEAD1 can govern the transcription activity of 
the TUBA1B, KIF18A, YAP1, and TAZ genes. To 
evaluate the epigenetic control by the trans- 
cription factor TEAD1, chromosome-immuno-
precipitation (ChIP) with anti-TEAD1 antibody 
followed by quantitative PCR (qPCR) to evaluate 
the copy number of promoter regions was car-
ried out. ChIP-qPCR analysis showed that the 
DNA copy number of the promoter regions was 
decreased in TUBA1B, KIF18A, YAP, TAZ, and 
TEAD1 genes in STS26T cells (F, but no chang-

es in S462TY cells after combined treatment 
(Figure 9A and 9B).

Our previous study showed that cordycepin can 
inhibit MPNST cell growth through intervening 
the p53/Sp1 pathway. The promoter regions of 
TP53 and Sp1 genes also contain the M-CAT-
like motif (Figure 8). To evaluate whether the 
combined treatment can epigenetically affect-
ed the expression of p53 and Sp1 through the 
Hippo signaling pathway, ChIP-qPCR analysis 
with anti-TEAD1 antibody has been performed. 
The copy numbers of TP53 and Sp1 promoter 
region binding to TEAD1, was reduced in 
S462TY cells, but not in Hs53T and STS26T 
cells after the combined treatment (Figure 9C). 
We further examined the protein levels of p53 
and Sp1 in S462TY cells. By immunoblotting, 
combination treatment reduced the protein lev-
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Figure 8. The binding motif of transcription factors, TEAD1, p53 and Sp1 found in the promoter regions of TP53, 
TEAD1, KIF18A and TUBA1B genes. The promoter region of p53 has three different binding motifs for TEAD1 
(CATTCCA), p53 (ACTTGC) and Sp1 (GGGCGG). The binding motif sequences, TEAD1 (CATTCCT), p53 (GCTAGC) and 
Sp1 (GGGCGG) are found on the promoter region of TEAD1. The promoter region of KIF18A has two binding motifs, 
TEAD1 (CATGCA) and p53 (ACATGC). TUBA1B has TEAD1 (CATTCCC) and p53 (ACTAGT) binding motifs on its promoter 
region.

els of p53 and Sp1 in S462TY cells, but not in 
Hs53T cells (Figure 10). These findings are con-
sistent to what we observed in the ChIP-qPCR 
results. These findings suggest that the com-
bined treatment of cordycepin and FT895 can 
epigenetically suppress the expression of mi- 
crotubule protein, KIF18A and Hippo signaling 
proteins. In addition, the expression level of 
p53 and Sp1 has also been reduced following 
the suppression of TEAD1 expression.

Treatment of cordycepin and FT895 increases 
the nuclear translocation of TAZ/YAP

Previous studies demonstrated that aberrant 
nuclear localization of TAZ/YAP correlates to 
tumorigenesis and drug resistance [27]. While 
considering the nuclear translocation may be a 
contributing factor for epigenetic control, we 
further evaluated whether the combined treat-
ment can affect the nuclear translocation of 
TAZ/YAP protein in MPNST cells. As shown in 
Figure 11, the proteins, YAP and TAZ signifi-

cantly translocated into nucleus in STS26T and 
S462TY cells (Chi-square test, P<0.0001), but 
not in Hs53T cells after the combined treat-
ment. These findings suggested that the treat-
ment can promote the nuclear translocation of 
TAZ/YAP; however, it seems that the transloca-
tion fails to bestow on its binding to the pro-
moter regions of the candidate genes to en- 
hance the transcription.

Discussion

Up to date, there remains no effective treat-
ment for MPNST. In this study, we reported the 
synergistic effect of cordycepin and FT895 to 
inhibit the MPNST cell growth in vitro and in 
vivo. The addition of FT895, a specific HDAC11 
inhibitor, remarkably increased the susceptibil-
ity of MPNST cells to cordycepin, especially in 
the S462TY cells. With combined treatment, 
the aneuploidy was observed in STS26T and 
S462TY cells, and the cell cycle was arrested  
at S phase in T265 cells. In our previous work, 
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Figure 9. TEAD1 regulates the transcription of microtubule associated proteins, hippo-signaling proteins and apop-
tosis-related proteins in the MPNST cells after the combined treatment of cordycepin (200 μM) and FT895 (10 μM). 
Chromatin immunoprecipitation assay using anti-TEF1 (TEAD1) antibody to pull down the TEAD1 binding region on 
the promoter of candidate gene was employed. The copy number of promoter DNA was determined by real-time PCR 
methodology with specific primer pairs for TUBA1B, KIF18A (A, ***P<0.001), TEAD1, YAP, TAZ (B, ***P<0.001), TP53 
and SP1 (C, ***P<0.001) genes. The fold change represents the copy number of combined group relative to that of 
control (DMSO) group, and the control group was considered as one hundred percent activity.

Figure 10. Protein levels of p53 and Sp1 after the 
treatment with 200 μM of cordycepin, 10 μM of 
FT895, and the combination of both drugs. The lev-
els of p53 and Sp1 were decreased in S462TY cells 
after the combined treatment.

cordycepin compromised the microtubule net-
work by reducing tubulin expression but not 

actin or GAPDH. The study demonstrated that 
the combined treatment of had a similar effect. 
Furthermore, the expression of KIF18A, a kine-
sin essential for chromosomal positioning dur-
ing mitosis, was also suppressed in MPNST 
cells after combined treatment. The reduction 
of α-tubulin and KIF18A after treatment confers 
to the defective chromosomal segregation dur-
ing mitosis which inevitably results in cell death. 
The in vivo study on xenograft mouse showed a 
significant inhibition of tumor growth with com-
bined treatment (in half the dose) compared to 
the treatment of FT895 or cordycepin alone. 
Immunoblotting study demonstrated that the 
levels of TAZ and TEAD1 proteins reduced sig-
nificantly after treatment. In addition, TEAD1 
can bind to the promoter region of TP53 and 
SP1. Reduction of TEAD1 led to less protein 
binding to the promoter of TP53 and SP1 in 
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Figure 11. Nuclear translocation of YAP and TAZ after the combined treat-
ment of cordycepin (200 μM) and FT895 (10 μM). A. Immunofluorescent im-
age of YAP (green) and DAPI (blue) in Hs53T, STS26T and S462TY cells with 
treatment of DMSO and combination of cordycepin and FT895. B. Ratios of 
YAP expression in the nuclear and the cytosolic fraction in Hs53T, STS26T 
and S462TY cells. Combined treatment significantly induced nuclear trans-
location in STS26T and S4642TY, but not in Hs53T cells. C. Immunofluo-
rescent image of TAZ (red) and DAPI (blue) in Hs53T, STS26T and S462TY 
cells with treatment of DMSO and combination of cordycepin and FT895. D. 
Ratio of TAZ expression in the nuclear and the cytosolic fraction in Hs53T, 
STS26T and S462TY cells. Combined treatment significantly trans-localizes 
the TAZ from cytoplasm to nucleus. Chi-square test was employed to com-
pare between DMSO and combined groups.

S462TY cells. Consequently, 
the protein level of p53 and 
Sp1 was decreased in S462TY 
cells. Figure 12 illustrates a 
possible molecular mecha-
nism of growth inhibition in 
MPNST cells after the com-
bined treatment.

HDAC11 is the newly discov-
ered HDAC and the only mem-
ber in HDAC class IV. Several 
reports have suggested that 
HDAC11 expression increases 
in many cancers [28, 29]. It 
has been reported that knock-
down of HDAC11 leads to cell 
death as well as the inhibition 
of metabolic activity in colon, 
prostate, breast and ovarian 
cancer cell lines [30]. In addi-
tion, inhibition of HDAC11 ac- 
tivity suppressed the stem-
ness of lung adenocarcinoma 
cells and reduced the viability 
of EGFR TKI resistance cells 
[19]. Therefore, specific HD- 
AC11 inhibitor is a potential 
cancer therapy candidate. FT- 
895 is a highly selective inhi- 
bitor (IC50=3 nM) for HDAC11 
and is stable in serum (t1/2=9.4 
h in mouse) [17]. The applica-
tion of FT895 to MPNST cells 
potentiates the inhibitory ef- 
fect of cordycepin, and the sig-
nificant synergistic effect was 
found in all MPNST cell lines in 
vitro. Similar effect was also 
observed on xenograft mouse 
model with full and half dose 
of cordycepin and FT895. In 
some pre-clinical studies, pan 
or selective HDAC inhibitor sh- 
owed the enhancement of can-
cer therapy while combined wi- 
th antitumor agents. For exam-
ple, SAHA, a pan HDAC inhibi-
tor approved by FDA, enhanc-
es the apoptosis and cell cycle 
arrest induced by cisplatin in 
lung cancer cell lines [31]. 
Selective class III HDAC inhibi-
tor nicotinamide combined wi- 
th doxorubixin increases the 
inhibition of cell proliferation 
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Figure 12. Molecular mechanism of combined treatment-induced growth inhibition in MPNST cells. Combination of 
cordycepin and FT895 reduces protein levels of TEAD1 and TAZ, which may further downregulate the transcription 
of α-tubulin, KIF18A, p53, Sp1 and even TEAD1 itself. Suppression of p53 and Sp1 causes apoptosis, and reduc-
tion of α-tubulin and KIF18A leads to abnormal number of chromosomes (aneuploidy). Self-regulation of TEAD1 can 
further reduce the expression of α-tubulin, KIF18A, p53 and Sp1.

and apoptosis in breast cancer cells [32]. 
These studies suggested that combination of 
HDAC inhibitor and chemotherapy not only 
enhances the tumoricidal effect but also reduc-
es the dosage of anti-tumor agents, which can 
avoid the toxicity induced by chemotherapeutic 
agents.

Aneuploidy is toxic to cells by inducing proteo-
toxic and metabolic stress [33]. Aneuploidy ari- 
ses from chromosome mis-segregation during 
cell division. Proper segregation of chromo-
some relies on the integrity of microtubule 
organization for fine-tuning of the process of 
chromosome segregation. Recent study sug-
gested HDAC11 inhibition can interrupt the 
meiosis process in mouse oocyte and cause 
abnormal spindle microtubule organization by 
decreasing acetylated H4K16 and α-tubulin 
[34]. We previously reported cordycepin treat-
ment can downregulate the expression of α- 
tubulin and perturb the progression of cell cycle 
in MPNST cells [20]. Our results indicated that 
FT895 alone or in combination with cordycepin 
can decrease the expression levels of α-tubulin 
and KIF18A proteins in MPNST cells. Loss of 
KIF18A results in aberrantly long mitotic spin-
dle and loss of tension of kinetochores, which 
leads to the impaired chromosome alignment 

[35]. Our study demonstrated that reducing the 
expression of α-tubulin and KIF18A might con-
tribute to aneuploidy followed by apoptosis.

Aberrant activation of Hippo pathway has been 
considered as the hallmark of tumorigensis 
[36]. Wu et al. showed that human MPNST 
exhibits the upregulated TAZ and YAP proteins, 
and the activation of TAZ/YAP drives oncogenic 
transformation of Schwann cells. They used 
RNA interference targeting TAZ/YAP to inhibit 
the progression of MPNST [25]. These studies 
indicated that Hippo pathway may be a poten-
tial therapeutic target for the treatment of 
MPNST. In our study, combination of FT895 and 
cordycepin significantly suppressed TEAD1 and 
TAZ expression in MPNST cells. It has been 
reported that knockdown of TAZ can reduce the 
volume of tumor and inhibit metastasis in lung 
adenocarcinoma transplantation model [37]. 
Silencing the TAZ expression inhibits the prolif-
eration of MCF10ACA1a TNBC breast cancer 
cell line [38]. These studies suggested that 
reduction of TAZ may contribute to inhibit the 
growth of cancer cells. The transcription factor 
TEAD1 involves in the downstream molecular 
mechanisms of Hippo, Wnt, TGF-β and EGFR 
pathways to induce EMT, metastasis and drug 
resistance in cancer cells [39]. TEAD1’s coacti-
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vators, TAZ and YAP are required for activation 
of Hippo signaling pathway. Since TAZ/YAP pro-
teins do not bind DNA directly, we performed 
ChIP assay on the candidate genes which have 
the binding motif sequence of TEAD1 in their 
promoter regions. The copy number of promot-
er DNA binding to TEAD1 in KIF18A, TUBA1B, 
TEAD1, TAZ and YAP genes, indicate the effi-
ciency of epigenetic control by the transcription 
factor, TEAD1. Among MPNST cells, STS26T 
were the only MPNST cells transcriptionally af- 
fected by the reducing level of TEAD1 after 
treatment. TEAD1 can bind its own promoter, 
which makes TEAD1 as a self-regulating tran-
scription factor to control its own expression. 
Less expression of TEAD1 protein might de- 
crease the available TEAD1 binding to its own 
promoter, with further decelerating or downreg-
ulating of the transcription. This self-regulating 
process may explain the vulnerability of MPNST 
cells to combined treatment. YAP protein was 
reported to be able to upregulate p53 protein 
by directly binding to the promoter of TP53 [40]. 
Sequence analysis showed that TP53 and SP1 
contain TEAD1 binding motifs on their promoter 
region (Figure 8). ChIP assay indicated that less 
DNA copy number of TP53 and SP1 promoter 
binds to TEAD1 protein in S462TY cells after 
treatment. Immunoblotting confirmed the de- 
creased level of p53 and Sp1 proteins in 
S462TY which validates the downregulation of 
the transcription after treatment.

In our previous study, cordycepin exhibited the 
inhibition of MPNST cell growth via reducing 
expression of the transcription factors, p53 
and Sp1 [20]. Cordycepin treatment decreased 
the levels of p53 and Sp1 proteins resulting in 
reduction of binding to the TUBA1B promoter. 
KIF18A has been reported to be a target of p53 
signaling pathway by bioinformatics screen 
[41]. Sequence analysis reveals that the pro-
moter region of KIF18A gene contains p53 
binding motif. Loss of p53 protein expression 
was found in STS26T and T265 MPNST cells 
[20], which causes a much less binding to 
KIF18A promoter, and subsequently, reduces 
the expression of KIF18A protein. However, 
p53 protein level and the cell growth were not 
affected after cordycepin treatment in S462TY 
cells [20]. Hence, we hypothesized the less 
sensitivity to cordycepin in S462TY was possi-
bly due to the unaffected p53 level. The results 
showed that the combined treatment reduces 

the level of p53 in S462TY cells which may 
enhance the susceptibility of S462TY cells to 
cordycepin. S462TY carries a TP53 mutation 
(c.329G>C), and shows abnormal nuclear accu-
mulation [42]. The modulating effect of p53 
might account for the differential sensitivity to 
the drugs. S462 cells (The parental cells of cell 
line S462TY) treated with combination of ima-
tinib and erlotinib responded less to the thera-
py than the MPNST cells carrying wild-type p53 
[43]. Although our results is disparate to the 
recent study which suggests that HDAC11 inhi-
bition can enhance the p53 expression in pitu-
itary tumor cells [44], there are several studies 
demonstrated that cancer cells may be differ-
entially responded to HDAC11 inhibition [13, 
16]. Translocation of TAZ and YAP is regulated 
by stress signal, including ER, oxidative ROS 
and osmotic stresses [45]. Here, we showed 
that translocation of TAZ and YAP from cyto-
plasm to nucleus is increased after combined 
treatment. The increased translocation could 
be a stress-induced reaction to the treatment 
for compensating the loss of TEAD and TAZ.

In summary, our results identify the potential of 
HDAC11 inhibitor FT895 to enhance the tumor-
icidal effect of cordycepin in MPNST cells and 
also provide a molecular mechanism for such 
an effect. Combination of cordycepin and FT- 
895 synergistically inhibits MPNST cell growth. 
The reduced α-tubulin and KIF18A protein ex- 
pression, causes mis-segregation of chromo-
somes leading to cell apoptosis. Combination 
of cordycepin and FT895 also suppresses the 
expression of transcription factor TEAD1 and 
TAZ in Hippo signaling pathway which is essen-
tial for the growth of MPNST. Loss of TEAD1 
transcriptionally downregulates the expression 
of KIF18A, TUBA1B, TEAD1, TAZ and YAP in 
STS26T cells, and TP53 and SP1 in S462TY 
cells. Our study highlights that FT895 can 
potentiate the inhibition of cordycepin which 
provide an alternative treatment strategy ag- 
ainst MPNST.
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