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Abstract: PI3 kinases are important for KIT signaling and KIT mutants mediated cell transformation. In order to know the

difference of PI3 kinase isoforms p110α and p110δ in the signaling of wild-type KIT and the often occurred KIT mutation

D816V in hematopoietic malignancy mastocytosis, the predominant PI3 kinase isoform p110δ in hematopoietic tissues was

knocked out in hematopoietic cells. We found that loss of p110δ expression dramatically inhibits PI3 kinase activation

mediated by both wild-type KIT and KIT/D816V. By over expression of p110α in p110δ knock out cells, wild-type KIT

mediated PI3 kinase activation was not changed while over expression of p110δ increased PI3 kinase activation.

Similarly, in KIT/D816V expressing cells without p110δ expression, over expression of p110δ but not p110α restored

PI3 kinase activation. In agreement with the signaling results, cell proliferation, cell survival and cell cycle assay further

showed that over expression of p110δ but not p110α in p110δ knock out cells increases both wild-type KIT and

KIT/D816V mediated cell survival and proliferation. These results suggested that p110δ plays a more important role

than p110α in KIT signaling and KIT mutant mediated cell transformation in hematopoietic cells.

Introduction

KIT is a member of type III receptor tyrosine kinase together with
PDGFR, FLT3 and CSF-1R. They have an extracellular domain, a
transmembrane domain and an intracellular domain with the
kinase activity in common. After the binding to its ligand stem
cell factor (SCF) through its extracellular domain, KIT dimerizes
and the kinase activity catalyzes the phosphorylation of tyrosine
residues which can bind to downstream signaling molecules and
further activate a series of signaling cascades to mediate cell
survival, proliferation, differentiation and others. In normal
situations, KIT plays an important role in hematopoiesis,
melanogenesis and gametogenesis (Cardoso et al., 2017).

Gain-of-function mutations of KIT have been identified
in around 80% of gastrointestinal stromal tumors (GISTs)
(Tarn et al., 2005; Steigen et al., 2007; Zhu et al., 2020) and
mastocytosis (Nagata et al., 1995; Longley et al., 1999), and
to a lesser extent in acute myeloid leukemia (Boissel et al.,
2006) and germ cell tumors (Looijenga et al., 2003). Among
all the mutations, D816V mutation in exon 17 of KIT is the

most often occurred mutation which accounts for around
70% of mastocytosis but it is rarely found in GISTs. KIT
mutations can confer ligand-independent activation of KIT,
leading to uncontrolled downstream signaling and finally
resulting in cell transformation (Mei et al., 2018; Li, 2021).
Among the downstream signaling molecules, PI3 kinases
play a key role in KIT mutants mediated cell transformation
(Hashimoto et al., 2003; Sun et al., 2014). PI3 kinases are a
family of lipid kinases that are classed into three groups
according to their structures. Among all subtypes, type IA
PI3 kinases are most widely distributed and best studied so
far. This type of PI3 kinases have two subunits: one
regulatory subunit p85α or p85β, and one catalytic subunit
p110α, p110β or p110δ. Among the three catalytic subunits
of PI3 kinases, p110α is widely expressed in various tissues
while p110β and p110δ expression are limited in certain
tissues (Hassan et al., 2013; Bauer et al., 2015).

In this study, we knocked out p110δ which is highly
expressed in hematopoietic tissues and then over expressed
p110δ or the widely expressed p110α to compare their
function in the signaling of wild-type KIT and the most
often occurred KIT mutation D816V in hematopoietic
malignancy mastocytosis. We found that over expression of
p110α cannot compensate the loss of p110δ expression in
the signaling of both wild-type KIT and KIT/D816V.
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Materials and Methods

Reagents
RPMI 1640 medium was from Hyclone, antibodies against pERK,
ERK, AKT, p110α, p110β, p110δ and HRP-anti-β-actin antibody
were from Santa Cruz Biotechnology (USA), anti-
phosphotyrosine antibody 4G10 was from Millipore (USA), anti-
KIT antibody was from Biolegend (USA), anti-pAKT, anti-pp38,
anti-p38, anti-pSTAT3 and anti-STAT3 antibodies were from
Cell Signaling Technology (USA), HRP-anti-rabbit IgG and
HRP-anti-murine IgG antibodies, fetal bovine serum,
LipofectamineTM 2000, DynabeadsTM Protein G, targeting
p110δ crRNAs (AGTTAATGAGCTTCTTCACG, AGTTGGA-
GGATGAGCAGCGG) were from Thermo Scientific (USA),
penicillin/streptomycin was from Solarbio (China), stem cell
factor was from ORF Genetics (Island), Edit-R Cas9 Nuclease
protein NLS and tracrRNA were from Dharmacon (USA),
solution SG transfection kit was from Lonza (Switzerland).

Cell culture
Ba/F3 cells (DSMZ) were cultured in RPMI 1640 medium plus
10% fetal bovine serum, 10 ng/ml IL-3, 100 IU/ml penicillin
and 100 μg/ml streptomycin. EcoPack cells (Clontech) were
cultured in DMEM medium plus 10% fetal bovine serum,
100 IU/ml penicillin and 100 μg/ml streptomycin.

Knockout of p110δ in Ba/F3 cells
1 × 106 Ba/F3 cells were washed once with PBS and resuspended in
100 μl solution SG, 150 pmol Edit-R Cas9 Nuclease protein NLS
and 300 pmol crRNA: tracrRNA were mixed and incubated for
10 min at room temperature followed by mixture with Ba/F3
cells. Cells were transfected in 4D nucleofector (Lonza, program
CM150). After transfection, cells were cultured for 72 h and lysed
for examination of p110δ expression. After monoclonization,
each cell clone was lysed and p110δ expression was examined.
p110δ knockout clone was used in further experiments.

Establishment of KIT or p110 expressing Ba/F3 cells
pMSCVpuro/wtKIT, pMSCVpuro/KIT/D816V, pMSCVneo/p110α
or pMSCVneo/p110δ were transfected into EcoPack cells using
LipofectamineTM 2000 according to the manufacturer’s
instructions, cell supernatants containing virus were collected
to infect Ba/F3 cells followed by selection with puromycin or
neomycin respectively. KIT or p110 expression was examined
by western blot.

Cell stimulation, immunoprecipitation and western blot
Cell stimulation, immunoprecipitation and western blot were
performed as previously described (Sun et al., 2014).

Cell proliferation, cell survival and cell cycle assay
Cell proliferation and cell survival assay were performed as
previously described (Sun et al., 2014). For cell cycle analysis,
cells were washed twice with PBS and resuspended in 70%
ethanol. After washing with PBS twice, cells were incubated
with PI/Rnase A for 30 min in the dark followed by flow
cytometry analysis.

Statistical analysis
Data were presented as means ± standard deviations of three
independent experiments. The difference of values was

analyzed by Student’s t-test. P-values less than 0.05 were
considered as statistical significance.

Results

Establishment of p110δ knockout Ba/F3 cells
Ba/F3 cells were transfected with CRISPR-cas9 and crRNA
targeting p110δ. Western blot examination showed that

FIGURE 1. p110δ knockout Ba/F3 cells were established. (A) CRISPR-
cas9 and crRNA targeting p110δ were transfected into Ba/F3 cells.
After cell lysis and separation by SDS-PAGE, p110δ expression was
examined by western blot. Signal intensity of p110δ was quantified
and normalized by β-actin. (B) After monoclonization, 70 clones
were lysed and p110δ expression was examined by western blot, and
p110δ expression was further examined in 10 clones of p110δ
knockout Ba/F3 cells. (C) The expression of p110α and p110β was
examined in p110δ knockout Ba/F3 cells.
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p110δ expression is reduced in the two crRNAs transfected
Ba/F3 cells, meaning that p110δ expression might be knocked
out in some cells. After monoclonization, p110δ expression in
70 clones from each crRNA transfected Ba/F3 cells were
examined by western blot. The results showed that 10 clones
are negative in p110δ expression, meaning that p110δ
expression was knocked out in these clones (Fig. 1). In
addition, all the 10 p110δ knockout clones were from one
crRNA transfected Ba/F3 cells, indicating a good knockout
efficiency of this crRNA (AGTTGGAGGATGAGCAGCGG).

Loss of p110δ expression inhibited PI3 kinase activation
mediated by both wild-type KIT and KIT/D816V
p110δ plays an important role in both wild-type KIT and KIT
mutants mediated AKT activation which is important for cell
survival and proliferation. In p110δ knockout Ba/F3 cells, by
expression of wild-type KIT or the most often happened
KIT mutation D816V in mastocytosis (Fig. 2A), we found
that loss of p110δ expression inhibits both wild-type KIT
and KIT/D816V mediated AKT activation, indicating the
key role of p110δ in PI3 kinase activity. While loss of p110δ

FIGURE 2. PI3 kinase activation mediated by
both wild-type KIT and KIT/D816V was
inhibited when p110δ expression was
knocked out. (A) Wild-type KIT or KIT/
D816V in pMSCVpuro were transfected into
EcoPack cells, supernatant was collected to
infect Ba/F3 cells. After selection with
puromycin, expression of KIT was examined
by flow cytometry. Open area: isotype
control, grey area: PE-anti-KIT. (B) Ba/F3
cells were washed and starved in RPMI 1640
medium for 4 h before stimulation with 100
ng/ml SCF for 2 min, KIT was pulled down
from cell lysate using its antibody, after
separation by SDS-PAGE and transfer to
PVDF membrane, KIT activation was
detected by pY antibody 4G10. Total cell
lysates were probed with antibodies against
pAKT, AKT, pERK, ERK, pSTAT3, STAT3,
pp38 and p38, respectively.
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expression slightly inhibited wild-type KIT mediated ERK
activation, and KIT/D816V mediated ERK activation was
not changed. In addition, KIT/D816V mediated p38 and
STAT3 activation was not altered by loss of p110δ
expression (Fig. 2B).

p110δ is more potential than p110α in both wild-type KIT and
KIT/D816V mediated AKT activation
PI3 kinase isoform p110α is widely expressed in various
tissues while p110δ is highly expressed in hematopoietic
tissues. In order to compare the two PI3 kinase isoforms in
the downstream signaling of both wild-type KIT and KIT/
D816V, p110α or p110δ were transfected into p110δ
knockout Ba/F3 cells. We found that p110δ but not p110α
increased both wild-type KIT and KIT/D816V mediated
AKT activation, suggesting a more important role of p110δ
than p110α in KIT signaling (Fig. 3).

p110δ is more potential than p110α in both wild-type KIT and
KIT/D816V mediated cell proliferation and survival
Due to the important role of p110δ in both wild-type KIT and
KIT/D816V mediated PI3 kinase activity, and the important
role of PI3 kinase in KIT/D816V mediated cell transformation,
we further compared the role of p110α and p110δ in both
wild-type KIT and KIT/D816V mediated cell proliferation,

survival and cell cycle. The results showed that loss of p110δ
expression inhibits both wild-type KIT and KIT/D816V
mediated cell proliferation and cell cycle progression, while
over expression of p110δ but not p110α increases cell
proliferation and cell cycle progress. Similar as that, loss of
p110δ expression inhibited both wild-type KIT and KIT/
D816V mediated cell survival, and which can be rescued by
over expression of p110δ but not p110α (Fig. 4). These results
suggested that p110δ plays a more important role than p110α
in both wild-type KIT and KIT/D816V mediated cell
proliferation and survival.

Discussion

Gain-of-function KIT mutations are the main gene mutations
in GISTs and mastocytosis, accounting for around 70% of
both malignancies. However, the distributions of these
mutations in the different regions of KIT differ very much
between the two malignancies. KIT mutations in GISTs
mainly map to exon 11 of KIT, and to a lesser extent in
exon 9, 13 and 17, and these mutations usually respond well
to KIT inhibitor such as Imatinib, therefore targeted therapy
of GISTs with KIT inhibitors can dramatically improve the
treatment outcome of GISTs (Yan et al., 2015). Unlike that
in GISTs, KIT mutations in mastocytosis are dominated by

FIGURE 3. Compared with p110α, p110δ is more important for both wild-type KIT and KIT/D816V mediated AKT activation. Ba/F3 cells
were washed and starved in RPMI 1640 medium for 4 h before stimulation with 100 ng/ml SCF for 2 min, KIT was pulled down from cell lysate
using KIT antibody, after separation by SDS-PAGE and transfer to PVDF membrane, KIT activation was detected by pY antibody 4G10. Total
cell lysates were probed with antibodies against pAKT and AKT, respectively.
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D816V mutation in exon 17. KIT/D816V is resistant to Imatinib
and there is no proved targeted therapy of mastocytosis currently
(Li, 2021). GISTs are mesenchymal derived tissues and
mastocytosis is derived from hematopoietic tissues, different
cellular context in these two tissues might play a role in the
different KIT mutant distribution and KIT mutant mediated
cell transformation. PI3 kinases play an important role in KIT
signaling, and it has been showed that PI3 kinase isoform
p110δ is necessary for KIT/D816V mediated cell
transformation (Sun et al., 2014). In this study, we compared

the widely expressed PI3 kinase isoform p110α and p110δ
which is highly expressed in hematopoietic tissues in the signal
transduction of both wild-type KIT and the most often KIT
mutation D816V in mastocytosis. We found that p110δ is
more potential than p110α in both wild-type KIT and KIT/
D816V mediated PI3 kinase activation. Accordingly, p110δ
plays a more important role than p110α in the cell
proliferation and survival. Since p110δ is highly expressed in
hematopoietic cells and D816V mutation of KIT mainly occur
in hematopoietic malignancy mastocytosis, these results might

FIGURE 4. p110δ is more potential than
p110α in both wild-type KIT and KIT/D816V
mediated cell proliferation and survival.
Ba/F3 cells were washed with PBS for three
times, and cultured for 48 h in RPMI 1640
medium plus 10% fetal bovine serum,
100 IU/ml penicillin and 100 μg/ml
streptomycin with or without 100 ng/mL
SCF. (A) CCK-8 assay analyzed cell viability.
(B) Cells were washed with PBS and treated
with 70% ethanol, after staining with PI, cell
cycle distribution was examined by flow
cytometry. (C) Cells were stained with
annexin V-PE and 7-AAD, apoptotic cells
were examined by flow cytometry. Data were
presented as mean ± SD, *p < 0.05, **p < 0.01.
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partially explain the tissue specific distribution of KIT mutations
in different malignancies.

Activity of PI3 kinases is important for cell survival and
proliferation, and over activation of PI3 kinases has been
widely identified in various malignancies (Mishra et al.,
2021). Multiple pan-PI3 kinase inhibitors have been
developed and some of them, for example copanlisib, have
been proved in the clinical use of cancer treatment
(Markham, 2017; Mezynski et al., 2021; Mishra et al., 2021).
In addition to the pan-PI3 kinase inhibitors, subtype specific
PI3 kinase inhibitors were developed to inhibit certain
subtype of PI3 kinase in order to reduce the side effect
(Handl et al., 2021; Mishra et al., 2021), and p110δ inhibitor
delalisib has been proved for clinical use (Miller et al.,
2015), therefore it is important to elucidate the key PI3
kinase isoform that contributes to the cell transformation. In
the current study, the role of the wildly expressed PI3 kinase
isoform p110α and p110δ that is highly expressed in
hematopoietic cells were compared in the signal
transduction of KIT and KIT mediated cell response, the
results suggested a more important role of p110δ than
p110α in the signaling of both wild-type KIT and KIT/
D816V, indicating that KIT/D816V might utilize the high
expressed p110δ to transform hematopoietic cells. These
results make it rational to further test subtype specific PI3
kinase inhibitor in KIT related malignancies.
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