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Abstract. - OBJECTIVE: Merlin is encoded by
Neurofibromatosis type 2 gene (NF-2), a tumor
suppressor gene, which causes some multiple
tumors forming disease of the nervous system
in case of function loss. Bioinformatics analy-
sis suggested that patients with NF-2 mutation
had a worse prognosis, while it was associat-
ed with PI3K/mTOR activation, implying abnor-
mal apoptosis in NF-2 mutation related tumors.
Hence, we supposed that the inhibitors of PI3K/
mTOR pathway might play a role in suppressing
the tumor proliferation.

MATERIALS AND METHODS: Two represen-
tative NF-2 mutation tumor model of NCI-H2452
and HEI93 cell lines were adopted, while two
PI3BK/mTOR pathway inhibitors Trametinib and
Vistusertib were chosen to study the prolifera-
tion and apoptosis of the tumor cells.

RESULTS: CCK8 cell counting experiment
showed that both Trametinib and Vistusertib
could inhibit the proliferation of NCI-H2452 cell
in vitro, while the combination of Trametinib and
Vistusertib was more significant. Flow cytometry
results showed that both Trametinib and Vistus-
ertib could enhance apoptosis of NCI-H2452 cell
in vitro, while the combination of Trametinib and
Vistusertib was more significant. Similar results
were also achieved for HEI193 cell lines. In vivo
tumorigenicity experiments demonstrated that
the tumor volume and weight were significantly
decreased by both Trametinib and Vistusertib,
while their combination had the most significant
effect. Western blot results demonstrated that
both Trametinib and Vistusertib could inhibit
PIBK/mTOR /MEK pathway and enhance the ex-
pression of merlin.

CONCLUSIONS: We found that PI3K/mTOR in-
hibitor could decrease the proliferation of NF-2
mutation tumor cell lines by enhancing apopto-
sis, while the combination of two drugs might
have a better effect.
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Introduction

Gene mutation plays a key role in the develop-
ment, metastasis and recurrence of tumors, which
can be divided into oncogene and tumor suppressor
gene according to their functions'. NF-2 gene is one
of the most common and studied tumor suppressor
genes, which encodes a membrane-cytoskeleton
scaffolding protein — merlin®. Mutation in NF-2 gene
or function loss of merlin can cause Neurofibroma-
tosis type 2 (NF2), a nervous system tumor-form-
ing disease’. However, NF-2 gene mutation is also
very common in other types of malignant tumors,
including renal cell carcinoma*®, malignant pleu-
ral mesothelioma®, sporadic spinal schwannoma’,
urothelial carcinoma®, liver tumor®, ependymal tu-
mors'’, colorectal cancer ''. Hence, targeting NF-2
mutation might provide some therapeutic sites or
clues for cancer treatment. Online tumor database
analysis showed that NF-2 mutation was associated
with PI3K/mTOR pathway activation, which im-
plied that NF-2 mutation related tumors might de-
rive from inhibition of apoptosis'>. Trametinib is a
selective mitogen-activated extracellular signal-reg-
ulated kinase (MEK) inhibitor, which was used for
the treatment of BRAF V600-positive melanoma'.
Vistusertib is a dual m-TORC1/2 inhibitor, which
was used for the treatment of high-grade serous
ovarian cancer (HGSOC) and squamous non-small-
cell lung cancer (sgNSCLC)"“. HEI193 cells and
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NCI-H2452 cells are the most commonly used cell
lines for the study of NF-2 mutation'*>'. However,
there was no previous study focusing on the effect
of PI3K/mTOR inhibitor on NF-2 mutation related
tumors. In this study, we investigated the effect of
PI3K/mTOR pathway inhibitor on the proliferation
of NF-2 mutation related tumors, as well as its po-
tential mechanisms.

Materials and Methods

Bioinformatics Analysis

To figure out the expression of NF-2, a total
of 118 neurofibromatosis tissue samples that con-
tained the expression of NF-2 were collected from
TCGA database (http://cancergenome.nih.gov/)".
Long-term prognosis information was also collect-
ed to analyze the association with NF-2 expression
level. Finally, the expression of NF-2 of neurofi-
bromatosis tissues and the long-term prognosis
was analyzed using GraphPad Prism 5.01 software
(GraphPad Software Inc., La Jolla, CA, USA). The
results demonstrated that patients with lower NF-2
level had a significantly worse prognosis than those
with higher NF-2 level (p=0.03) (Figure 1A). The
Search Tool for the Retrieval of Interacting Genes/
Proteins (STRING) database (http:/string-db.org/)
consolidates known and predicted protein-protein
association data for a large number of organisms,
contributing to uncovering the direct (physical)
and indirect (functional) relationships of NF-2. In
the present study, PPI network of common DEGs
was constructed by the latest STRING v10.5 da-
tabase based on a minimum required interaction
score 0.7. PPI network with the most number of
nodes was visualized by Cytoscape v3.3.0 soft-
ware'® (Figure 1B). STRING results demonstrated
that NF-2 was significantly associated with PI3K/
mTOR/MEK pathway.

Cell Proliferation Inhibition

Cell Culture

HEI193 cell lines and NCI-H2452 cell lines
were purchased from Shanghai Guandao Bio-
logical Engineering Co., Ltd. (Shanghai, Chi-
na). HEI193 cells were maintained in Dulbecco’s
Modified Eagle’s Medium (DMEM), which con-
tained 10% fetal bovine serum (FBS) and 100 U/
ml penicillin and 100 microg/mL streptomycin.
NCI-H2452 cells were maintained in Roswell Park
Memorial Institute-1640 (RPMI-1640) medium
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Figure 1. Bioinformatics analysis of NF-2 mutation. A,
Survival analysis of patients with low or high NF-2 lev-
el from TCGA database. B, NF-2 mutation was linked to
PI3K/mTOR pathway from STRING database.

supplemented with 10% fetal bovine serum (FBS).
To maintain cell morphology, the cells were used
at passage six, while a hemocytometer was used
to calculate cell number. All cells were cultured
at 37°C with 5% CO, and 100% humidity. All the
above products were purchased from Gibco (Life
Technologies/Gibco, Carlsbad, CA, USA).

1C50 Detection

HEI193 cells and NCI-H2452 cells were seed-
ed in 96-well plates and treated with varying
concentrations of Trametinib (Mekinist, pur-
chased from GlaxoSmithKline Inc., Rockville,
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MD, USA) and Vistusertib (AZD2014, purchased
from the Pharmaceutical Company, USA) for 72
hrs. Both compounds were dissolved in dimeth-
yl sulfoxide (DMSO) and stocks of 1 mM diluted
in DMEMI1X were used for in vitro experiments.
Compound concentrations were tested in replicas
of 4 wells and the experiments were repeated 4
times. Cell viability was determined by thiazolyl
blue tetrazolium bromide assay, and the 50%
inhibitory concentration (IC50) was calculated
(Figure 1). In terms of Vistusertib, the IC50 was
(251.6 £ 34.2) nM for NCI-H2452 cells and (98.5
+ 10.3) nM for HEI193 cells, respectively. As
for Trametinib, the IC50 was (10.1 + 2.3) nM for
NCI-H2452 cells and (29.6 + 5.6) nM for HEI193
cells, respectively.

Cell Proliferation Test

HEI193 cells and NCI-H2452 cells were seeded
in 96-well cell culture plates with 1x10* cells per
well in 100 pL medium with 10% serum overnight.
All cells were divided into four groups, the control

group (DMSO added), the T group (Trametinib of
IC50 concentration added), the V group (Vistusert-
ib of IC50 concentration added) and the V+T group
(Trametinib and Vistusertib of IC50 concentration
added). Cell viability was measured by CCK-8
kit (Beyotime Biological Engineering Co., Ltd.,
Shanghai, China) according to the manufacturer’s
instruction. The absorbance at 490 nm with a 690-
nm reference was measured with a Molecular De-
vice Spectra Max M4 Microplate Reader (Tecan,
Morrisville, NC, USA). Relative cell viability was
calculated with the NC-transfected cells as controls.
Experiments were repeated at least twice'. Before
measuring the absorbance of different groups, the
cells were captured via bright field microscope, and
pictures were taken using a 2.5x objective on a Carl
Zeiss Axiocam MRec, which were shown in Figure
2A (HEI193) and 2B (NCI-H2452). Compared to the
control group (DMSO added), both T group and V
group showed relatively less cell number. However,
the V4T group had even less cell number than both T
group and V group. This result was also confirmed
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by the CCK-8 test, the cell proliferation curve was
depicted according to absorbance in different time
point after the seeding. Two-way ANOVA was con-
ducted to compare the relative OD value of four
groups, which demonstrated a significant difference
among them in proliferation curves (all p<0.001).
Post-hoc test was also conducted to compare each
group with the control group. In the experiment of
HEI193 cell (Figure 2C), the relative OD value of
both T group and V group was significantly lower
than that of the control group (both p<0.01), while
the relative OD value of V+T group was even more
significantly lower than that of the control group
(p<0.005). In the experiment of NCI-H2452 cells
(Figure 2D), the relative OD values of both T group,
V group and V+T group were significantly lower
than that of the control group (all p<0.01).

Tumorigenicity Inhibition

Twenty-four healthy female BALB/c Nude
mice (4 weeks old) were divided into four groups,
the control group, the T group, the V group and
the V+T group (6 mice each group). All groups of
mice were given injection of HEI193 cells (4x10°
cells per mouse) subcutaneously on the right flank
of each mouse. After 5 days, different groups were
given different treatments via caudal veins every
three days: the control group was given PBS, the T
group given Trametinib (0.2 mg/kg), the V group
given Vistusertib (0.5 mg/kg) and the V+T group
given (0.2 mg/kg Trametinib and 0.5 mg/kg Vis-
tusertib). Tumor volume (V) was calculated every
five days via measuring the length (L) and width
(W) with vernier caliper (V = LxW?x0.5). After 25
days of the injection, the mice were sacrificed, and
the tumors were removed and measured of weight.

The in vivo tumorigenicity results were
shown in Figure 3. The tumor size was signifi-
cantly reduced by the application of Trametinib,
or Vistusertib, or Trametinib and Vistusertib
together (Figure 3A). The tumor growth curve
also demonstrated that no matter Trametinib, or
Vistusertib, or combined together, all could sig-
nificantly inhibit the tumor growth formed by
HEI193 cells (all p<0.01) (Figure 3B). However,
the combination of Trametinib and Vistusertib
could mostly reduce the tumor growth compared
with Trametinib or Vistusertib alone (p<0.001).
After 25 days, tumors in nude mice were removed
and weighed, further showing that tumor weights
of V group, T group, and V+T group were signifi-
cantly lower than that of the control group, while
V+T group had the lowest tumor weight among
all four groups (Figure 3C and 3D).

Apoptosis Induction

Cell Culture and Flow Cytometry

HEI193 cell lines and NCI-H2452 cell lines
were cultured as described above. HEI193 cells
and NCI-H2452 cells were seeded at 1.5.105 cells/
well in 24-well plates (TPP). All cells were divid-
ed into four groups, the control group (DMSO
added), the T group (Trametinib of IC50 con-
centration added), the V group (Vistusertib of
IC50 a concentration added) and the V+T group
(Trametinib and Vistusertib of IC50 concentra-
tion added). Annexin V and propidium iodide
(PT) staining were performed using Alexa Fluor®
488 Annexin V/Dead Cell Apoptosis Kit (Ther-
mo Fisher Scientific, Waltham, MA, USA) ac-
cording to the manufacturer’s instructions. The
samples were analyzed by flow cytometry on a
FACSCanto II cytometer using FACSDiva soft-
ware v6.1.3 (BD Biosciences, Franklin Lakes, NJ,
USA). Comparison of apoptosis ratio was con-
ducted with Student-£ test. p<0.05 was considered
as statistically significant.

The apoptosis results were shown in Figure
4 and Figure 5. The apoptosis ratio of both T
group and V group was significantly high-
er than the control group for HEI193 cells
(p<0.01), while that of the V+T group was
even more significantly higher than the control
group (p<0.005) (Figure 4A and 4C). In terms
of NCI-H2452 cells, all experimental groups
including T group, V group and V+T group
showed higher apoptosis ratios than the control
group (all p<0.01) (Figure 4B and 4D). Notably,
the apoptosis ratios were higher in V+T group
than single T group and V group.

PI3K/mTOR/MEK Pathway
Inhibition

Western blot for related proteins including
AKT, ERK, MEK, PI3K, mTOR and phosphor-
ylated ones, as well as Merlin and GAPDH, was
conducted according to previously reported meth-
ods, when total proteins were harvested from
cultured NCI-H2452 cells and HEI193 cells in 7
days. All antibodies were purchased from Abcam
(Cambridge, MA, USA). Image] was used to quan-
tify the optical density of different bands, when
all proteins relative fold changes were calculated
by dividing with GAPDH. One way ANOVA was
used to compare the optical density of different
groups. For NCI-H2452 cells, the expression lev-
el of AKT, ERK, MEK, PI3K, mTOR was simi-
lar among the control group (PBS added), the T
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Figure 3. Cell proliferation examinations of different treatments. A, Bright field microscope pictures of HEI193 cells under
different treatments. F, Bright field microscope pictures of NCI-H2452 cells under different treatments. C, Cell proliferation
curve of HEI193 cells under different treatments. D, Cell proliferation curve of NCI-H2452 cells under different treatments.

#£p<0.05, **5p<0.01, **%p<0.005.

group (Trametinib of IC50 concentration added),
the V group (Vistusertib of IC50 a concentration
added) and the V+T group (Trametinib and Vis-
tusertib of IC50 concentration added). However,
the expression level of phosphorylated proteins
was significantly different among the four groups.
The expression levels of p-mTOR of the T group,
the V group, and the V+T group were all lower
than the control group (p<0.001) (Figure 6). For
p-ERK and p-MEK, there was no difference be-
tween the T group and the control group (p>0.05).
However, p-ERK and p-MEK of the V group, and
the V+T group were significantly lower than the
control group (p<0.001). Notably, the merlin was
significantly increased in three groups than the
control group (p<0.001). Similar results were also
acquired in for the HEI193 cells.

Discussion

In this study, using the NF-2 mutation cell mod-
el of HEI193 cells and NCI-H2452 cells, we inves-
tigated the effect of two PI3K/mTOR inhibitors
on the proliferation and apoptosis of cell models,
and found the following results: 1) for both HEI193
cells and NCI-H2452 cells, Trametinib could sig-
nificantly inhibit the cell proliferation and induce
apoptosis; 2) for both HEI193 cells and NCI-H2452
cells, Vistusertib could also inhibit the cell prolif-
eration and induce apoptosis; 3) when Trametinib
and Vistusertib are combined together, a more
significant effect could be achieved on cell prolif-
eration inhibition and apoptosis induction. Numer-
ous studies have been launched to investigate the
potential mechanism underlying the suppressing
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Figure 4. Tumor formation results in nude mice. A, Tumor formation of different groups 25 days after injection of HEI193
cells; B, Tumor volume changes of different groups after the injection of HEI193 cells; C, Comparison of dissected tumors of
different groups 25 days after injection of HEI193 cells.; D, Tumor weight of different groups 25 days after injection of HEI193
cells. 6 mice each group, **p<0.01, ***p<0.005, compared with controls.

role of merlin in tumor development. Stokowski et
al” found that 80% of the merlin mutants studied
significantly altered cell adhesion, causing cells to
detach from the substratum. This finding implies
a function for merlin in regulating cell-matrix at-
tachment, and changes in cell adhesion caused by
mutant protein expression may be an initial step in
the pathogenesis of NF2Y. Another study exam-
ined the role of NF2/Merlin in sporadic colorectal
cancer through LOH analysis at the NF2 locus and
mRNA expression analysis via quantitative RT-
PCR of'total NF2, NF2 isoform, and results showed
that NF2/Merlin may serve as a potential target in
the management of colorectal cancer. All the above
data demonstrated a potential target of NF-2 muta-
tion related tumors. We used string database to find
the most related targeted sites, which demonstrated

that PI3K/mTOR pathway was tightly associated
with NF-2 mutation. Yesiloz et al*® also found that
patients with skull base meningiomas with NF-2
mutation might benefit from additional treatment
targeting the mTOR pathway.

PI3K/mTOR or PI3K/mTOR/MEK pathway is
a fully studied classic molecular signaling path-
way, which plays an important role in human
physiology, while activated in several tumor types
including breast cancer?, prostate cancer?, gas-
tric cancer®, thyroid cancer?, and colon cancer®.
Therefore, drugs targeting PI3K/mTOR/MEK
pathway have been developed to treat cancers®®-2.
Vistusertib (AZD2014) is a kind of mTOR kinase
inhibitor, which was demonstrated to be effec-
tive in inducing apoptosis for cisplatin- resistant
model (A2780Cis) of ovarian cancer. Following
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Figure 5. Apoptosis examined by flow cytometry. A, Apoptosis of HEI193 cells was induced by different treatments. B,
Apoptosis of NCI-H2452 cells was induced by different treatments. C, Comparison of cell apoptosis ratio among different
groups of HEI193 cells. D, Comparison of cell apoptosis ratio among different groups of NCI-H2452 cells. *p<0.05, **p<0.01,

**%p<0.005.

clinical trials also proved that the combination
of Vistusertib on paclitaxel could benefit the pa-
tient of ovarian cancer®. Our study focused on
cell proliferation and apoptosis, which were the
most useful models in researching cancer. The
results showed that Vistusertib along could sig-
nificantly inhibit the cell growth of two kinds of
NF-2 mutation cell lines, including HEI193 cells
and NCI-H2452 cells, which was considered as
the most typical NF-2 mutation cell lines®®. Cell
flow cytometry results demonstrated that Vistus-
ertib could lead to apoptosis. Apoptosis is an im-
portant physiological process of cell death, while
mitigation of apoptosis can be one key pathologi-

cal cause of tumorigenesis®'. Wang et al*> demon-
strated that pharmacological inhibition of RAC1
could significantly inhibit the proliferation of
both RT4 cells and human NF2-associated prima-
ry schwannoma cells by inducing apoptosis.
Similar results were also achieved for Trame-
tinib. Unlike Vistusertib, Trametinib is a MEK
inhibitor which was proven to be effective in the
treatment of advanced BRAF (V600) mutant mel-
anoma®. Combination treatment of other drugs
such as BRAF inhibitors with Trametinib was
also developed to achieve better prognosis for
metastatic melanoma'?. Our results also showed
that the treatment of Trametinib with IC50 con-



Combined mTOR/MEK inhibition prevents proliferation and induces apoptosis in NF2-mutant tumors

akt —_—— e —
p-akt | | 5
erk g .
p-erk - %:
mek [ .

gu
gu
merlin gos
gapdh &

. D ﬂ’?}‘#ﬁ¢,f &

5

E & P ifv .g?f L

Figure 6. Western blot results of the control group, the T group, the V group, and the V+T group for NCI-H2452 cells. A,
Representative WB bands of four groups; B, Relative optical density of p-ERK of four groups; C, Relative optical density of
p-MEK of four groups; D, Relative optical density of p-mTOR of four groups; E, Relative optical density of Merlin of four

groups. ns, not significant. ***p<0.001.

centration could significantly inhibit cell prolifer-
ation and induce apoptosis, which was in agree
with other reports. Notably, the combination of
two drugs could significantly increase the level of
proliferation inhibition and apoptosis induction.
Although both Vistusertib and Trametinib act on
PI3BK/mTOR pathway, they focused on different
functional sites, which have a synergic effect on
cell growth inhibition and apoptosis. However,
the underlying mechanism of their synergic effect
requires further investigation. Except for the in
vitro cell studies, a tumorigenesis experiment in
vivo was also conducted in this work to further
validate our hypothesis, of which the results were
in agree with in vitro experiments. The Western
blots results revealed the PI3K/mTOR pathway
inhibition by the combination of Vistusertib and
Trametinib, as well as the increase of merlin ex-
pression. Those results validated our suggestion
that NF-2 mutation was associated with PI3K/
mTOR pathway, and the adoption of PI3K/mTOR
pathway inhibitor could increase Merlin expres-

sion and enhance apoptosis of tumor cells, im-
plicating that those drugs and pathway might be
potential targets for NF-2 mutation related cancer.
Although several findings have been acquired,
there are some limitations: 1. Although Trame-
tinib and Vistusertib were proven effective on
NF-2 mutation tumor, more clinical evidence is
required to confirm those results. 2. The reason
why Vistusertib and Trametinib could inhibit cell
proliferation and enhance apoptosis needs deeper
research. 3. The synergic effect of two drugs also
needs more fundamental studies to confirm.

Conclusions

We demonstrated that whether Vistusertib or
Trametinib - PI3K/mTOR pathway inhibitor —
could significantly decrease the proliferation ac-
tivity of NF-2 mutation tumor cell line, and they
have a stronger synergic effect when combined.
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