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ABSTRACT

Mast cells integrate innate and adaptive immunity and are implicated in pathophysiological
conditions, including allergy, asthma, and anaphylaxis. Cross-linking of the high-

affinity IgE receptor (FceRI) initiates diverse signal transduction pathways and induces
release of proinflammatory mediators by mast cells. In this study, we demonstrated that
hyperactivation of mechanistic target of rapamycin (mTOR) signaling using the mTOR
activator MHY1485 suppresses FceRI-mediated mast cell degranulation and cytokine
secretion. MHY1485 treatment increased ribosomal protein S6 kinase (S6K) and eukaryotic
translation initiation factor 4E-binding protein 1 (4E-BP1) phosphorylation, which are
downstream targets of mTOR complex 1 (mTORC1), but decreased phosphorylation of Akt
on mTOR complex 2 (mTORC2) target site serine 473. In addition, this activator decreased
B-hexosaminidase, IL-6, and tumor necrosis factor o (TNF-a) release in murine bone
marrow-derived mast cells (BMMCs) after FceRI stimulation. Furthermore, MHY1485-treated
BMMCs showed significantly decreased proliferation when cultured with IL-3. These findings
suggested hyperactivation of mTORCI as a therapeutic strategy for mast cell-related diseases.

Mast cells; High-affinity IgE receptor; Mechanistic target of rapamycin; MHY1485;
Cell degranulation; Cell proliferation

INTRODUCTION

Mast cells arise from hematopoietic stem cells in the bone marrow, circulate through the blood
and lymphatic fluid, and then complete their development peripherally (1,2). These cells serve in
host defense against parasites and bacteria, and contribute to allergic disorders such as asthma,
anaphylaxis, and rhinitis. The high-affinity IgE receptor (FceRlI), expressed on the cell surface,
binds to IgE, and the subsequent aggregation of neighboring FceR1 via bivalent or multivalent
Ags allows mast cells to release granular components, such as histamine, 3-hexosaminidase,
and leukotrienes within minutes (3,4). In a late phase reaction, the cells newly synthesize
numerous cytokines, chemokines, and growth factors, and then secrete them several hours
after stimulation. Signals from the Ag-IgE-FceRI axis are transmitted to protein tyrosine
kinases of the Src, Syk, and Tec families, which in turn activate downstream effectors and
adaptor molecules (5). Among the various signaling cascades induced by FceRI engagement,
phosphoinositide-3-kinase (PI3K) is critical for the proper function of mast cells (6,7).
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The mechanistic target of rapamycin (mTOR) is a downstream kinase of PI3K and forms

2 signaling complexes, mTOR complex 1 (mTORC1) and mTOR complex 2 (mTORC2).
Rapamycin-sensitive mTORC1 phosphorylates ribosomal protein S6 kinase (S6K) and
eukaryotic translation initiation factor 4E (eIF4E) binding proteins (4E-BPs), whereas
rapamycin-insensitive mTORC2 uses the AKT kinase as a substrate. A growing body of
evidence has demonstrated that mTOR plays fundamental roles in immune cells, including
mast cells (8,9). The mTORCI pathway is critical for activation and function of mast cells (10).
Surprisingly, constitutively active mTORC1, induced by genetic deletion of tuberous sclerosis
1(TscI), caused decreased degranulation but enhanced cytokine production following FceRI
stimulation, as well as increased apoptosis of mast cells (11). Therefore, the proper level of
mTOR activity might be important for mast cell function and survival. A recent study by Choi
etal. (12) showed that MHY1485 directly binds and activates mTOR. In the present study,

we aimed to investigate how the selective activation of mTOR by MHY1485 affects mast cell
function, proliferation and apoptosis.

MATERIALS AND METHODS

Bone marrow cells were flushed from femurs and tibias of 8 to 10-week-old C57BL/6 mice
and cultured in IMDM-IL3, as previously described (13). All the experiments were performed
using BMMCs after at least 4 weeks in culture. Animals were handled according to the
protocols approved by the Institutional Animal Care and Use Committee of Inha University
(INHA 161214-465).

To measure degranulation activity, BMMCs (1x10° cells/ml) were sensitized with 1 pg/ml
anti-2,4-dinitrophenyl (DNP) IgE (SPE-7, Sigma-Aldrich, St. Louis, MO, USA) for 5 h in 37°C
and 5% CO, incubator. Thereafter, the cells were washed 3 times with Tyrode's buffer (130
mM NaCl, 10 mM HEPES [pH 7.4], 1 mM MgCl,, 5 mM KCl, 1.4 mM CaCl,, 5.6 mM glucose
and 1 mg/ml bovine serum albumin), mixed with the indicated concentrations of MHY1485
(Sigma-Aldrich) or DMSO in V-bottom 96-well plates for 1 h, and incubated with DNP-human
serum albumin (DNP-HSA) Ag for 30 min. The f-hexosaminidase activity of each sample was
determined relative to the total activity of the cell lysate using p-nitrophenyl-N-acetyl-p-D-
glucosamide as the substrate.

IgE-sensitized BMMCs (1x107 cells/ml) were incubated with 30 ng/ml of DNP-HSA

in the presence or absence of MHY1485. Samples were harvested and lysed with
radioimmunoprecipitation assay buffer containing protease and phosphatase inhibitor
cocktails (Sigma-Aldrich) at 0, 1, 5, 15, and 30 min after Ag stimulation. Equal amounts

of proteins were subjected to SDS-polyacrylamide gel electrophoresis (PAGE), transferred
onto Trans-Blot Nitrocellulose membranes (Bio-Rad, Hercules, CA, USA), and incubated
with 1:1,000 diluted antibodies against phospho-p70S6K (Thr389), phospho-eukaryotic
translation initiation factor 4E-binding protein 1 (4E-BP1) (Thr37/46), phospho-Akt
(Ser473), p70SOK, 4E-BP1, and Akt (all from Cell Signaling Technology, Beverly, MA, USA).
Immunoblots were quantified by densitometric analysis using Adobe Photoshop CS6 (Adobe
Systems Software, San Jose, CA, USA).
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Measurement of newly synthesized or secreted IL-6 and tumor necrosis factor o (TNF-a)
was performed as described previously (11). IgE-sensitized BMMCs were treated with

the indicated concentrations of MHY1485 and stimulated by 30 ng/ml of Ag. Total RNA

was extracted using a NucleoSpin RNA plus kit (Macherey-Nagel, Diiren, Germany) 1 h

after stimulation, and cDNA was generated using iScript cDNA synthesis kit (Bio-Rad).
Quantitative real-time PCR (qQRT-PCR) reactions were performed in a Bio-Rad CFX96 Real-
Time System using SsoFast EvaGreen Supermix (Bio-Rad). The mRNA levels of IL-6 (/I6) and
TNF-a (Tnfa) relative to B-actin (Actb) as a reference gene were calculated using 24T method
(11). To measure secreted cytokines, supernatants were harvested after 6 h and tested for
their levels of cytokines using ELISAs with Mouse IL-6 and TNF-a ELISA MAX Deluxe kits
(BioLegend, San Diego, CA, USA) according to the manufacturer's instructions.

Cell number monitoring was assessed using a Cell Counting Kit-8 incorporating WST-8
(2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium,
monosodium salt) (Dojindo Molecular Technologies, Rockville, MD, USA). BMMCs (1x10°
cells/ml) were cultured in IMDM-IL3 or IL-3 free IMDM, with or without MHY1485, as
indicated. On day 6, 100 pl of the cells was mixed with 10 ul of WST-8 and further cultured
for 2 h at 37°C, and the absorbance was read at 450 nm using an Epoch microplate reader
(BioTek Instruments, Winooski, VT, USA). IL-3 withdrawal-induced cell death was analyzed
with or without different dosages of MHY1485. Six days later, BMMCs were stained with
annexin V-PE (phycoerythrin) (BD Bioscience, San Jose, CA, USA) and the percentages of
annexin V-positive cells indicating apoptosis were analyzed using a FACS Calibur system
(fluorescence-activated cell sorting; Becton Dickinson & Co., Oxnard, CA, USA). To trace cell
proliferation, cells were labeled with 5 pM CFSE (Invitrogen, Carlsbad, CA, USA), a dye that
is equally distributed between daughter cells following each cell division. On day 6 of culture,
CFSE dilution was visualized using flow cytometry. All the data obtained from flow cytometry
were analyzed using FlowJo V10 software (Tree star, San Carlos, CA, USA).

All the data were expressed in bar graphs as the mean#standard error of the mean. To
evaluate statistically significant differences between drug-treated groups with the control,
unpaired 2-tailed Student's t-test was performed using GraphPad Prism 5 software
(GraphPad Software Inc., San Diego, CA, USA).

RESULTS AND DISCUSSION

First, we investigated whether FceRI-mediated mTOR signaling in mast cells is promoted by
the mTOR specific activator, MHY1485. BMMCs were sensitized with 1 pg/ml of anti-DNP-
IgE for 5 h, incubated with 2 uM of MHY1485, and then stimulated with DNP-HSA Ag for the
indicated times. The cells were lysed and phosphorylation of SOK and 4E-BP1, downstream
effectors of mTORCI1 as well as phosphorylation of mMTORC2 target Akt were assessed using
immunoblotting. The levels of phospho-S6K at Thr389 and phospho-4E-BP1 at Thr37/46 were
markedly enhanced, but the levels of phospho-Akt at Ser473 were significantly diminished

in MHY1485-treated cells compared with those in DMSO-treated controls (Figure 1A). These
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Figure 1. Effects of MHY1485 on FceRI-mediated degranulation and cytokine production in mast cells. BMMCs were sensitized for 5 h, incubated with the
indicated concentration of MHY1485 for 1 h, and then either unstimulated (unstim) or stimulated with the DNP-HSA Ag. (A) Time-course immunoblot analysis

for mTOR signaling, with or without MHY1485, following Ag stimulation. Band densities of pS6K on Thr389 and pAkt on Ser473 were normalized to their total
protein expression from the results of 3 independent experiments. AU represents arbitrary unit. (B) Degranulation was assessed by measuring B-hexosaminidase
release 30 min after stimulation. (C) The levels of IL-6 and TNF-a proteins in the media were analyzed using ELISA 6 h after stimulation. (D) qRT-PCR analysis for
FceRl-mediated induction of Il6 and Tfna mRNA was carried out 1 h after Ag stimulation. Bar graphs are shown as mean+standard error of the mean of triplicates
and are representative of 3 independent experiments. A p-value of less than 0.05 between stimulated groups with and without MHY1485 treatment is judged

significant and indicated.

pS6K, phospho-S6K; Thr389, threonine 389; pAkt, phospho-Akt; Ser473, serine 473; qRT-PCR, quantitative real-time PCR.

Hkk

*p<0.05, **p<0.01, ***p<0.001.

data suggest that MHY1485 increases mTORCI1, but decreases mTORC2 signaling in mast

cells following FceRI cross-linking.

To investigate the effects of MHY1485 on FceRI-mediated mast cell function, IgE-sensitized
BMMCs were incubated with MHY1485 at the indicated doses. B-hexosaminidase is enriched
in the secretory granules of mast cells and therefore is used as a typical marker of mast cell
degranulation (13,14). At 30 min after Ag stimulation, the release of f-hexosaminidase from
the activated cells was significantly reduced by MHY1485, in a dose-dependent manner
(Figure 1B), indicating that MHY1485 inhibits FceRI-mediated mast cell degranulation.

In the late phase response, activated mast cells newly generate and secrete a number of
proinflammatory cytokines, including IL-6 and TNF-a. (2,4). To further examine whether
MHY1485 regulates cytokine production, the culture supernatants were harvested 6 h after
stimulation. The amounts of IL-6 and TNF-a released into medium decreased according to
the dose of MHY1485 used (Figure 1C). Consistent with the result for cytokine release, the
mRNA levels of [I6 and Tnfa were decreased in these cells (Figure 1D). These data suggested
that MHY1485 suppresses both the immediate and late phase reactions in FceRI-mediated
mast activation.

The mTOR pathway regulates cell growth, proliferation and death by responding to a variety

of environmental stimuli, such as nutrients and energy (15). MHY1485 exerts protective
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effects on cell death induced by dexamethasone and ultra violet (UV) radiation (16,17). IL-3,
together with stem cell factor, is an essential growth factor to maintain mast cell survival
and proliferation (1). Thus, removal of IL-3 leads to apoptotic cell death in cultured mast
cells (18,19). To investigate the effects of MHY1485 on the proliferation and survival of mast
cells, BMMCs were cultured in medium with or without IL-3. The relative amounts of viable
cells were calculated using the WST-8 assay after 6 days of culture. As shown in Figure 2A,
MHY1485 dose-dependently reduced the number of viable cells in IL-3 sufficient medium,
whereas it had no effect in the absence of IL-3.

A decrease in cell number can be caused by either an increased ratio of cell death and/

or decreased proliferation. Flow cytometry analysis of annexin V-stained cells showed a
comparable effect of MHY1485 on apoptotic cell death induced by IL-3 removal (Figure 2B).
BMMCs were labeled with CFSE, which is a cell-permeable dye diluted during division.
Interestingly, the levels of CFSE were decreased in proportion to the increased concentration
of MHY1485 (Figure 2C). Taken together, these results suggested that MHY1485 inhibits mast
cell proliferation but not survival in growth factor-sufficient condition.

mTOR signaling influences many aspects of the immune system, including the development,
differentiation, activation, growth, and survival of immune cells (8,9). Although studies
using antagonists and deletion of components in the mTOR pathway have revealed

that mTOR signaling controls degranulation; cytokine and chemokine production; and
homeostasis of mast cells (10,11,20); the details of how the mTOR pathway is involved in
mast cell biology remain unclear.

The present study was undertaken to investigate how the direct activation of mMTOR

regulates FceRI-mediated activation and the function of mast cells. MHY1485, an agonist

that binds directly to mTOR (12), amplifies the FceRI-mediated mTORC1 but suppresses
mTORC2 pathway in mast cells, in which both degranulation and cytokine production are
downregulated (Figure 1). It has been reported that mTORC1-S6K phosphorylates Rictor
(rapamycin-insensitive companion of mTOR) on threonine 1135, resulting in inhibition of
mTORC2-Akt signaling (21-23). Given that Akt plays pivotal roles in FceRI-mediated mast cell
function (24,25), the hyperactivation of mTORCI-S6K signaling by MHY1485 might negatively
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Figure 2. Effects of MHY1485 on mast cell proliferation and apoptosis. BMMCs were cultured in IL-3 sufficient or deficient media, with or without the indicated
concentrations of MHY1485 for 6 days. (A) WST-8 assay to determine cell numbers 6 days after culture. (B) IL-3 withdrawal-induced cell death. Annexin
V-positive apoptotic cells were analyzed using flow cytometry. (C) Cell proliferation analysis. CFSE-labeled BMMCs were cultured in the indicated conditions and
CFSE dilutions were analyzed using flow cytometry. The gMFI of each histogram was used to represent the cell proliferation activity. Data are shown as mean

+ standard error of the mean of triplicates and are representative of 3 independent experiments. Statistical significance between non-treated and MHY1485-
treated cells is indicated.

gMFI, geometric mean fluorescence intensity.

*p<0.05, **p<0.01, **p<0.001.
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regulate degranulation and cytokine production through inhibiting mTORC2-Akt pathway.
We previously reported that the hyperactivation of mMTORC1 by deletion of TscI suppressed
mast cell degranulation and histamine release, but enhanced IL-6 and TNF-a production,

in vitro and in vivo, following FceRI stimulation (11). Interestingly, treatment with rapamycin
could reduce this increase in cytokine production but was incapable of restoring impaired
degranulation in TscI-deficient mast cells. In contrast to other study (10), rapamycin could
inhibit both mast cell degranulation and cytokine production following FceRI stimulation in
our experimental conditions (data not shown). TSC1 is a subunit of the TSCI-TSC2 complex
that suppresses the mTOR pathway by inhibiting the small GTPase RAS homolog enriched
in brain (Rheb), which is upstream of mTORCI (26). The differential effect of MHY1485
compared with TSC1 deficiency on cytokine production suggested that the TSCI-TSC2
complex might be involved in other regulatory pathways in addition to mTORCI. Indeed,
TSC1 controls the formation of neuronal spine synapses by inactivating Rheb independently
of mTORCI1 (27). The activity of TSC1 as a co-chaperone to facilitate folding of kinases can
affect other signaling pathways in mast cells (28).

In the present study, we showed that the increase of mast cell number was attenuated during
culture in IL-3 sufficient medium containing MHY1485 due to defective proliferation but not
cell death (Figure 2). It has been reported that MHY1485-mediated mTOR activation prevents
dexamethasone and UV, which are inducers of reactive oxygen species (ROS), from damaging
osteoblasts and skin cells, respectively (16,17). Moreover, TSCl-deficiency promoted ROS
production, resulting in mast cell apoptosis, which was exacerbated by IL-3 withdrawal (11).
Notably, the acute and chronic effects caused by drug treatment and germ-line deletion of
TSC1 could exert differential effects on mTOR-related biological phenotypes. It is possible
that the action of MHY1485 is dependent on cell contexts and cell types.

In summary, MHY1485 inhibits the FceRI-mediated activation and function of mast cells,
such as degranulation and cytokine production, and decreases their proliferation. Signaling
from the mTOR pathway is complex and requires further studies to determine its precise
mechanism in mast cells. However, our findings suggest the potential therapeutic use

of a selective mTOR activator in mast cell-related diseases and provide insights into the
fundamental roles of hyperactivated mTORC1 in the immune system.

ACKNOWLEDGEMENTS

We thank Drs. Xiao-Ping Zhong, Youn Wook Chung, and Chaekyun Kim for providing
reagents. This research was supported by the Basic Science Research Program through

the National Research Foundation of Korea (NRF), funded by the Ministry of Education
(NRF-2016R1D1A1B03935883) to J.S. and by Korea Institute of Planning and Evaluation for
Technology in Food and Agriculture (IPET) through High Value-added Food Technology
Development Program, funded by Ministry of Agriculture, Food and Rural Affairs (MAFRA)
(114006-04) to M.J.

REFERENCES

1. Okayama Y, Kawakami T. Development, migration, and survival of mast cells. Immunol Res 2006;34:97-115.
PUBMED | CROSSREF

https://doi.org/10.4110/in.2018.18.€18 6/8


http://www.ncbi.nlm.nih.gov/pubmed/16760571
https://doi.org/10.1385/IR:34:2:97
https://immunenetwork.org

IMMUN=

[}
MHY1485 Inhibits Mast Cell Function and Proliferation n =Two R I(

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Metcalfe DD, Baram D, Mekori YA. Mast cells. Physiol Rev1997;77:1033-1079.

PUBMED | CROSSREF

Galli SJ, Tsai M. IgE and mast cells in allergic disease. Nat Med 2012;18:693-704.

PUBMED | CROSSREF

Theoharides TC, Alysandratos KD, Angelidou A, Delivanis DA, Sismanopoulos N, Zhang B, Asadi S,
Vasiadi M, Weng Z, Miniati A, et al. Mast cells and inflammation. Biochim Biophys Acta 2012;1822:21-33.
PUBMED | CROSSREF

Sibilano R, Frossi B, Pucillo CE. Mast cell activation: a complex interplay of positive and negative
signaling pathways. Eur | Immunol 2014;44:2558-2566.

PUBMED | CROSSREF

Biethahn K, Orinska Z, Vigorito E, Goyeneche-Patino DA, Mirghomizadeh F, Foger N, Bulfone-Paus S.
miRNA-155 controls mast cell activation by regulating the PI3Ky pathway and anaphylaxis in a mouse
model. Allergy 2014;69:752-762.

PUBMED | CROSSREF

Laffargue M, Calvez R, Finan P, Trifilieff A, Barbier M, Altruda F, Hirsch E, Wymann MP.
Phosphoinositide 3-kinase v is an essential amplifier of mast cell function. Immunity 2002;16:441-451.
PUBMED | CROSSREF

Weichhart T, Hengstschldger M, Linke M. Regulation of innate immune cell function by mTOR. Nat Rev
Immunol 2015;15:599-614.

PUBMED | CROSSREF

Jones RG, Pearce EJ. Mentoring immunity: mTOR signaling in the development and function of tissue-
resident immune cells. Immunity 2017;46:730-742.

PUBMED | CROSSREF

Kim MS, Kuehn HS, Metcalfe DD, Gilfillan AM. Activation and function of the mTORC1 pathway in mast
cells. J Immunol 2008;180:4586-4595.

PUBMED | CROSSREF

Shin J, Pan H, Zhong XP. Regulation of mast cell survival and function by tuberous sclerosis complex 1.
Blood 2012;119:3306-3314.

PUBMED | CROSSREF

Choi YJ, Park Y], ParkJY, Jeong HO, Kim DH, Ha YM, Kim JM, Song YM, Heo HS, Yu BP, et al.
Inhibitory effect of mTOR activator MHY1485 on autophagy: suppression of lysosomal fusion. PLoS One
2012;7:e43418.

PUBMED | CROSSREF

Shin J, Zhang P, Wang S, Wu J, Guan Z, Zhong XP. Negative control of mast cell degranulation and the
anaphylactic response by the phosphatase lipinl. Eur ] Immunol 2013;43:240-248.

PUBMED | CROSSREF

Fukuishi N, Murakami S, Ohno A, Yamanaka N, Matsui N, Fukutsuji K, Yamada S, Itoh K, Akagi M.
Does B-hexosaminidase function only as a degranulation indicator in mast cells? The primary role of
B-hexosaminidase in mast cell granules. ] Immunol 2014;193:1886-1894.

PUBMED | CROSSREF

Laplante M, Sabatini DM. mTOR signaling in growth control and disease. Cell 2012;149:274-293.
PUBMED | CROSSREF

Yang B, Xu QY, Guo CY, Huang JW, Wang SM, Li YM, Tu Y, He L, Bi ZG, Ji C, et al. MHY1485 ameliorates
UV-induced skin cell damages via activating mTOR-Nrf2 signaling. Oncotarget 2017;8:12775-12783.
PUBMED

Zhao S, Chen C, Wang S, Ji F, Xie Y. MHY1485 activates mTOR and protects osteoblasts from
dexamethasone. Biochem Biophys Res Commun 2016;481:212-218.

PUBMED | CROSSREF

Alfredsson J, Puthalakath H, Martin H, Strasser A, Nilsson G. Proapoptotic Bcl-2 family member Bim
is involved in the control of mast cell survival and is induced together with Bcl-XL upon IgE-receptor
activation. Cell Death Differ 2005;12:136-144.

PUBMED | CROSSREF

Mekori YA, Oh CK, Metcalfe DD. IL-3-dependent murine mast cells undergo apoptosis on removal of IL-
3. Prevention of apoptosis by c-kit ligand. J Immunol1993;151:3775-3784.

PUBMED

Smrz D, Kim MS, Zhang S, Mock BA, Smrzova S, DuBois W, Simakova O, Maric I, Wilson TM, Metcalfe
DD, et al. n”TORC1 and mTORC?2 differentially regulate homeostasis of neoplastic and non-neoplastic
human mast cells. Blood 2011;118:6803-6813.

PUBMED | CROSSREF

https://doi.org/10.4110/in.2018.18.€18 7/8


http://www.ncbi.nlm.nih.gov/pubmed/9354811
https://doi.org/10.1152/physrev.1997.77.4.1033
http://www.ncbi.nlm.nih.gov/pubmed/22561833
https://doi.org/10.1038/nm.2755
http://www.ncbi.nlm.nih.gov/pubmed/21185371
https://doi.org/10.1016/j.bbadis.2010.12.014
http://www.ncbi.nlm.nih.gov/pubmed/25066089
https://doi.org/10.1002/eji.201444546
http://www.ncbi.nlm.nih.gov/pubmed/24734904
https://doi.org/10.1111/all.12407
http://www.ncbi.nlm.nih.gov/pubmed/11911828
https://doi.org/10.1016/S1074-7613(02)00282-0
http://www.ncbi.nlm.nih.gov/pubmed/26403194
https://doi.org/10.1038/nri3901
http://www.ncbi.nlm.nih.gov/pubmed/28514674
https://doi.org/10.1016/j.immuni.2017.04.028
http://www.ncbi.nlm.nih.gov/pubmed/18354181
https://doi.org/10.4049/jimmunol.180.7.4586
http://www.ncbi.nlm.nih.gov/pubmed/22362037
https://doi.org/10.1182/blood-2011-05-353342
http://www.ncbi.nlm.nih.gov/pubmed/22927967
https://doi.org/10.1371/journal.pone.0043418
http://www.ncbi.nlm.nih.gov/pubmed/23065777
https://doi.org/10.1002/eji.201242571
http://www.ncbi.nlm.nih.gov/pubmed/25015817
https://doi.org/10.4049/jimmunol.1302520
http://www.ncbi.nlm.nih.gov/pubmed/22500797
https://doi.org/10.1016/j.cell.2012.03.017
http://www.ncbi.nlm.nih.gov/pubmed/28061443
http://www.ncbi.nlm.nih.gov/pubmed/27884298
https://doi.org/10.1016/j.bbrc.2016.10.104
http://www.ncbi.nlm.nih.gov/pubmed/15592435
https://doi.org/10.1038/sj.cdd.4401537
http://www.ncbi.nlm.nih.gov/pubmed/7690814
http://www.ncbi.nlm.nih.gov/pubmed/22053105
https://doi.org/10.1182/blood-2011-06-359984
https://immunenetwork.org

IMMUN=

[}
MHY1485 Inhibits Mast Cell Function and Proliferation n =Two R I(

21.

22.

23.

24.

25,

26.

27.

28.

Julien LA, Carriere A, Moreau J, Roux PP. nTORCl-activated S6K1 phosphorylates Rictor on threonine
1135 and regulates mTORC?2 signaling. Mol Cell Biol 2010;30:908-921.

PUBMED | CROSSREF

Dibble CC, Asara JM, Manning BD. Characterization of Rictor phosphorylation sites reveals direct
regulation of mTOR complex 2 by S6K1. Mol Cell Biol 2009;29:5657-5670.

PUBMED | CROSSREF

Treins C, Warne PH, Magnuson MA, Pende M, Downward J. Rictor is a novel target of p70 S6 kinase-1.
Oncogene 2010;29:1003-1016.

PUBMED | CROSSREF

Takayama G, Ohtani M, Minowa A, Matsuda S, Koyasu S. Class I PI3K-mediated Akt and ERK signals play
a critical role in FceRI-induced degranulation in mast cells. Int Immunol 2013;25:215-220.

PUBMED | CROSSREF

Kitaura J, Asai K, Maeda-Yamamoto M, Kawakami Y, Kikkawa U, Kawakami T. Akt-dependent cytokine
production in mast cells. J Exp Med 2000;192:729-740.

PUBMED | CROSSREF

Inoki K, Li Y, Xu T, Guan KL. Rheb GTPase is a direct target of TSC2 GAP activity and regulates mTOR
signaling. Genes Dev 2003;17:1829-1834.

PUBMED | CROSSREF

Yasuda S, Sugiura H, Katsurabayashi S, Shimada T, Tanaka H, Takasaki K, Iwasaki K, Kobayashi T,
Hino O, Yamagata K. Activation of Rheb, but not of mTORC1, impairs spine synapse morphogenesis in
tuberous sclerosis complex. Scf Rep 2014;4:5155.

PUBMED | CROSSREF

Woodford MR, Sager RA, Marris E, Dunn DM, Blanden AR, Murphy RL, Rensing N, Shapiro O, Panaretou
B, Prodromou C, et al. Tumor suppressor Tscl is a new Hsp90 co-chaperone that facilitates folding of
kinase and non-kinase clients. EMBO ] 2017;36:3650-3665.

PUBMED | CROSSREF

https://doi.org/10.4110/in.2018.18.€18 8/8


http://www.ncbi.nlm.nih.gov/pubmed/19995915
https://doi.org/10.1128/MCB.00601-09
http://www.ncbi.nlm.nih.gov/pubmed/19720745
https://doi.org/10.1128/MCB.00735-09
http://www.ncbi.nlm.nih.gov/pubmed/19935711
https://doi.org/10.1038/onc.2009.401
http://www.ncbi.nlm.nih.gov/pubmed/23143475
https://doi.org/10.1093/intimm/dxs105
http://www.ncbi.nlm.nih.gov/pubmed/10974038
https://doi.org/10.1084/jem.192.5.729
http://www.ncbi.nlm.nih.gov/pubmed/12869586
https://doi.org/10.1101/gad.1110003
http://www.ncbi.nlm.nih.gov/pubmed/24889507
https://doi.org/10.1038/srep05155
http://www.ncbi.nlm.nih.gov/pubmed/29127155
https://doi.org/10.15252/embj.201796700
https://immunenetwork.org

	Inhibition of Mast Cell Function and Proliferation by mTOR Activator MHY1485
	INTRODUCTION
	MATERIALS AND METHODS
	β-hexosaminidase release assay
	Immunoblotting analysis
	Cytokine production
	BMMC apoptosis and proliferation
	Statistical analysis

	RESULTS AND DISCUSSION
	MHY1485 suppresses mast cell proliferation

	REFERENCES




