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A B S T R A C T

About ˜80% of mast cell neoplasm patients harbor the c-Kit activating mutation D816 V, which is associated with
c-Kit inhibitor resistance and poor prognosis. However, the molecular basis for these effects is not fully known.
To address this issue, in this study we screened molecules whose expression is altered by KIT D816 V mutation
and found that Pim kinases were overexpressed in D816V-mutant neoplastic mast cells. This was accompanied
by upregulation of signal transducer and activator of transcription (STAT) and mammalian target of rapamycin
(mTOR) and downregulation of Akt and extracellular signal-regulated kinase (ERK1/2). Activated Pim kinases
promoted the survival of D816 V cells by maintaining mTOR and p70S6K activation even under nutrient star-
vation. Conversely, cell proliferation was suppressed by inhibiting Pim kinases. The mRNA level of C-X-C che-
mokine receptor type 4 (CXCR4) was about 2-fold higher in D816 V cells; this was associated with a 2-fold increase
in migratory capacity, which was modulated by Pim kinases. We also confirmed that upregulation of Pim kinases
is a feature specific to cells with the D816 V mutation and is not observed in cells with the c-Kit activating
N822 K mutation. These data suggest Pim kinases as a promising therapeutic target for the treatment of mast cell
neoplasms with KIT D816 V mutation.

1. Introduction

c-Kit is a type III receptor tyrosine kinase (TK) expressed in hema-
topoietic stem cells and normally developing melanocytes, germ cells,
and interstitial cells [1]. KIT gene alterations are detected in various
cancers including acute myeloid leukemia (AML), mast cell leukemia,
systemic mastocytosis, melanoma, germ cell tumors, and gastro-
intestinal stromal tumors, with a high frequency of mutation found in
mast cell neoplasms and core binding factor (CBF)-AML. In particular,
the D816 V (Asp816Val) point mutation in the exon 17 TK2 region is
present in up to 30% of CBF-AML cases [2,3] and up to 80% of mast cell
neoplasms [4], and is linked to c-Kit inhibitor resistance and poor
prognosis [5,6]. N822 K (Asn822Lys), another high-frequency mutation
in the TK2 domain of exon 17, is also a c-Kit activating mutation but
shows better prognosis and drug response than D816 V [7]. A third c-Kit
activating mutation, V560 G (Val560Gly), occurs not in TK2 but in the
juxtamembrane domain and confers responsiveness to c-Kit inhibitors
such as imatinib [8]. These difference in therapeutic response may be
attributable to the major signaling pathways that are activated by each
mutation [9]. For instance, mammalian target of rapamycin (mTOR)

[10], SRC kinase [11], phosphoinositide 3-kinase (PI3K) p85 [12], and
signal transducer and activator of transcription (STAT) [13] have been
implicated in the survival and drug response resistance of D816V-mu-
tant cells. However, the molecular basis for these properties is not well
understood; clarifying the underlying mechanisms can provide a basis
for developing novel and more effective therapeutic strategies.

Pim serine/threonine protein kinases are highly expressed in var-
ious hematologic malignancies as well as in solid cancers, and are
considered promising therapeutic targets owing to their critical roles in
cancer cells [14]. Overexpression of Pim kinases promotes cancer cell
survival by regulating the cell cycle, apoptosis, and metabolism via
modulation of signal transduction molecules such as mTOR [15] as well
as C-X-C chemokine receptor type (CXCR) 4, which regulates the cell
migration that is critical for drug response and disease relapse. Pim
kinase expression is regulated by Janus kinase (JAK)/STAT, PI3K/AKT,
mitogen-activated protein kinase/extracellular signal-regulated kinase
(ERK), and nuclear factor (NF)-κB signaling [16]. In particular, STAT
directly regulates Pim kinases expression by binding the transcription
site [17] and plays a key role in the survival of cells harboring KIT
D816 V mutation (Fig. 1). Additionally, although the mechanism by
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which aberrantly activated c-Kit affects cancer cells remains unclear, it
was recently reported that Pim-1 regulates KIT translation [18].

The present study investigated the functional significance of KIT
D816 V mutation and Pim kinase overexpression in relation to various
characteristics of mast cell neoplasms including cell survival, pro-
liferation, and migration. We also compared the signal transduction
pathways activated by KIT mutations to determine whether Pim kinase
overexpression is specifically associated with D816 V. Our findings in-
dicate that Pim kinases are a promising therapeutic target in patients
harboring the D816 V mutation.

2. Materials and methods

2.1. Cell cultures

The HMC-1.1 and HMC-1.2 leukemic human mast cell lines were
provided by Dr. Joseph H. Butterfield of Mayo Clinic (Rochester, MN,
USA). The Kasumi-1 human AML cell line (American Type Culture
Collection, Manassas, VA, USA) and the MV4-11, MOLM14, NB4, HL-
60, HEL, and KG-1 leukemic cell lines were purchased from DSMZ
(Braunschweig, Germany). HMC-1 cells were cultured in Iscove’s
Modified Dulbecco’s Medium (IMDM; Thermo Fisher Scientific,
Waltham, MA, USA; 12440053). Kasumi-1 cells were cultured in
Roswell Park Memorial Institute (RPMI)1640 medium (Welgene,
Gyeongsan, South Korea; LM011-51), as were the other cell lines
(LM011-01). All culture media were supplemented with 10%–20%
heat-inactivated fetal bovine serum (Thermo Fisher Scientific;
16000044) and 1% PenStrep (Thermo Fisher Scientific; 15140122).
Cells were passaged every 2–4 days.

2.2. Western blotting

Cells were lysed using Kinexus lysis buffer (Kinexus Bioinformatics,
Vancouver, Canada). Total protein was quantified with the Micro BCA
Protein Assay kit (Thermo Fisher Scientific), separated by 8%–10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis, and trans-
ferred to a polyvinylidene difluoride (PVDF) membrane
(MilliporeSigma, Burlington, MA, USA) that was blocked with 5% skim
milk (GeorgiaChem, Norcross, GA, USA) in Tris-buffered saline with 5%
Tween-20 for 1 h at room temperature. The membrane was probed
overnight at 4 °C with primary antibodies followed by secondary

antibodies diluted 1:10,000 in 1% skim milk solution. Protein bands
were detected by enhanced chemiluminescence. The antibodies used
are listed in Supplementary Table 1.

2.3. Small interfering (si)RNA transfection

Pre-designed siRNAs targeting Pim-1, -2, and -3 were purchased
from Genolution (Seoul, South Korea). The sequences are shown in
Supplementary Table 2. Transfection was performed using RNAiMAX
(Thermo Scientific Scientific) and an electroporation kit (Amaxa Cell
Line Nucleofector Kit V [VCA-1003] and program O-17; Lonza, Basel,
Switzerland). The final concentration of siRNAs was 2 μM.

2.4. Transwell migration assay

Cell migration was evaluated using a commercial kit (BioVision,
Milpitas, CA, USA; K909-12) in a 24-well plate with inserts (8-μm pore
size) according to the manufacturer’s protocol. Cells were starved in
serum-free IMDM medium for 24 h before experiments.

2.5. Adhesion assay

To evaluate cell adhesion, 2.5 μg/ml of human plasma fibronectin
(MilliporeSigma; 2549971) was dispensed into a 96-well plate (Corning
Inc., Corning, NY, USA) and allowed to stand for 1 h at room tem-
perature until it coated. Cells (3× 105) were then seeded in the wells,
followed by incubation for 2 h at 37 °C. The wells were washed three
times with 300 μl of serum-free IMDM and then incubated in condi-
tioned IMDM for 30min at 37 °C. After adding 10 μl of EZ-Cytox solu-
tion (DoGenBio, Seoul, Korea) to each well and incubating for 2 h, the
absorbance at 450 nm was measured.

2.6. Cell proliferation assay

siRNA-transfected cells were seeded in 96-well plates (5000 cells/
well), and cell proliferation was measured on days 1, 4, and 6 by adding
EZ-Cytox solution to each well and incubating for 2 h, and measuring
the absorbance at 450 nm.

2.7. Cell viability assay

Cells (3000/well) were seeded in a 96-well plate and were treated 1
day later with the drug at eight different concentrations (1/10 serial
dilution from 10 μM). After 72 h, EZ-Cytox solution was used to eval-
uate cell viability. The drugs used are listed in Supplementary Table 1.

2.8. Outgrowth assay

HMC-1.1 and HMC-1.2 cells were cultured in T-25 flasks (Corning
Inc.) up to 120% and 150% confluence in a conditioned medium as
described in Section 2.1.

2.9. Generation of KIT knock-in cells by genome editing

KIT knock-in cells were generated by clustered regularly interspaced
short palindromic repeats (CRISPR)/CRISPR-associated protein 9
(Cas9). Recombinant Cas9 protein, single guide (sg)RNA (5′-CAAGAA
TGATTCTAATTATGTGG-3′), and single-stranded DNA donor (ssDonor)
were purchased from ToolGen (Seoul, Korea). A mixture of 1 μg sgRNA,
1 μg Cas9 protein, and 100 pM ssDonor was transfected into Kasumi-1
cells using an Amaxa II electroporator (program V-001; Lonza).

2.10. Total RNA extraction, cDNA synthesis, and quantitative real-time
PCR

Total RNA was isolated with TRIzol reagent (Thermo Fisher

Fig. 1. Connection between Pim kinases and upregulated signaling molecules of
KIT D816 V cells.
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Scientific; 15596018) and the concentration was measured on a
NanoDrop spectrophotometer (Thermo Fisher Scientific; ND-1000).
About 1–5 μg of RNA was synthesized into cDNA using RNA to cDNA
EcoDry Premix (Random Hexamers) kit (Takara Bio, Otsu, Japan;
639546). Real-time PCR was performed with SYBR Premix Ex Taq II
(Tli RNaseH Plus) (Takara Bio; RR820A) on an Applied Biosystems
7500 PCR system (Thermo Fisher Scientific). The target mRNA level
was normalized to that of 18S rRNA. Primer sequences are listed in
Supplementary Table 3.

2.11. DNA extraction and single nucleotide polymorphism (SNP)
sequencing

DNA was extracted using QIAamp DNA Mini Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s protocol. SNP sequencing
was performed by Macrogen (Seoul, Korea) and data were analyzed
using Chromas v.2.6.6 software (Technelysium, Brisbane, Australia).

2.12. Statistical analysis

Group means were compared with the Student’s t-test and by two-
way analysis of variance with Bonferroni correction using Prism 5
software (GraphPad, San Diego, CA, USA). P < 0.05 was considered
significant (* P < 0.05, ** P < 0.01, and *** P < 0.001).

3. Results

3.1. Pim kinases are upregulated in KIT D816 V cells and promote cell
survival under nutrient deprivation and correlate with cell viability

HMC-1.1 cells harbor the KIT V560 G mutation (in the juxtamem-
brane region), whereas HMC-1.2 cells have both the V560 G and
D816 V mutations. We examined changes in intracellular signaling
molecules—including c-Kit, PI3K p85/p55, Akt, mTOR, STAT3, STAT5,
Erk1/2, and Pim kinases, which are known to influence cancer cell
survival—induced by KIT D816 V by western blotting (Fig. 2A). c-Kit
phosphorylation was increased in KIT D816 V cells relative to wild-type
cells, indicating that c-Kit signaling is activated by D816 V. Phos-
phorylated PI3K p85/p55, mTOR, STAT3 (S727), and STAT5 (Y694)
levels were increased in HMC-1.2 cells, as previously reported [19].
Phospho-Akt (S473 and T308) and Erk1/2 expression was down-
regulated in D816V-mutant cells. Pim kinases (Pim-1, -2, and -3) were
upregulated in KIT D816 V cells.

To confirm whether upregulation of Pim kinases is a feature unique
to KIT D816 V cells, we examined Pim kinase expression in nine human
leukemic cell lines (Fig. 2B) and detected phospho-c-Kit in three KIT
mutant cell lines—i.e., HMC-1.1, HMC-1.2, and Kasumi-1 (harboring
the KIT N822 K mutation). HMC-1.2 cells showed the highest expres-
sion levels of phospho-c-Kit and Pim kinases. Pim-1 was expressed only
in HMC-1.1 and HMC-1.2 cells, with higher levels in the latter. Pim-2
and -3 were expressed in all nine cell lines, but the levels were highest
in cells with D816 V mutation. These data indicate that the expression
of intracellular signaling molecules varies according to D816 V muta-
tion status and that all Pim kinases are highly expressed in KIT D816 V
cells.

To determine how upregulation of Pim kinases affects cell survival,
we evaluated Pim kinase expression under conditions of nutrient de-
privation caused by cell outgrowth (Fig. 2C). Phospho-c-Kit expression
increased in HMC-1.2 cells and decreased in HMC-1.1 cells as out-
growth progressed. STAT expression was unchanged or strongly in-
creased in HMC-1.2 cells but decreased or only slightly increased in
HMC-1.1 cells. Pim-1 level was downregulated in association with
HMC-1.1 cell outgrowth, but the opposite trend was observed in HMC-
1.2 cells. Pim-2 has three isoforms (34, 38, and 40 kDa), one (34 kDa) of
which induces apoptosis when phosphorylated at Ser112 [20] as well as
cell cycle arrest at the G1 phase [21]. Expression of the 34-kDa isoform

of Pim-2 in HMC-1.1 cells increased with outgrowth, implying that
apoptotic signaling was activated under these conditions. In contrast,
the 40- and 34-kDa isoforms were up- and downregulated, respectively,
in HMC-1.2 cells, suggesting that anti-apoptotic signaling pathways
were instead activated. Pim-3 was upregulated in both cell lines but the
level was higher in HMC-1.2 cells in the early phase of outgrowth. The
expression of mTOR—which acts downstream of Pim kinases and is
involved in cell metabolism—was increased along with that of its ef-
fector p70S6K, but only in HMC-1.2 cells. Expression of these molecules
was reduced by treatment with the Pim kinase inhibitor AZD1208
(Fig. 2D). HMC-1.1 cells showed increased expression of mTOR (S2448)
at the final stage of outgrowth.

To clarify the roles of Pim kinases and STATs in the viability of KIT
D816 V cells, we examined their expression following treatment with
the c-Kit inhibitors imatinib, dasatinib, and BLU-285. As in previous
studies [22–24], HMC-1.2 cells responded only to dasatinib and BLU-
285 (Fig. 2E), with the latter affecting cell viability at a lower con-
centration than the former. Imatinib had no effect on the expression of
Pim kinases and STATs or on cell viability, but these all declined upon
dasatinib or BLU-285 treatment (Fig. 2F), with the latter having a more
potent effect and Pim-3 being the least affected by the drugs. These
results indicate that KIT D816V-mutant cells have a survival advantage
under adverse conditions such as nutrient deprivation that is conferred
by upregulation of phospho-STAT5 and Pim kinases and activation of
mTOR and p70S6K signaling.

3.2. Pim kinases regulate the proliferation and migration of KIT D816 V
cells

We explored the effects of Pim kinases on the proliferation of KIT
D816 V cells by downregulation of their expression using siRNAs and
measuring optical density 1, 4, and 6 days later (Fig. 3A). HMC-1.2 cells
transfected with scrambled siRNA served as the siControl. Although
there were no observable changes on day 1, cell growth was markedly
reduced on days 4 and 6. Cell proliferation was most strongly inhibited
in siPIM all (PIM1, 2, and 3 were all knocked down). The suppression of
Pim kinase expression was confirmed by western blotting (Fig. 3B).

Cell migration and adhesion are important features of malignant
cancers and are associated with CXCR4 activation by Pim kinases
[25,26]. We examined whether CXCR4 expression changes according to
KIT D816 V mutation status (Fig. 3C) and found that relative CXCR4
mRNA level was almost 2-fold higher in KIT D816 V cells than in wild-
type cells. To determine whether overexpression of Pim kinases affects
the migration and adhesion of D816 V cells, we carried out transwell
migration and fibronectin adhesion assays. The results showed that KIT
D816 V cells had a greater capacity for migration than HMC-1.1 cells
(Fig. 3D). Moreover, the number of migrating cells was decreased upon
knockdown of Pim kinases (Fig. 3E). Consistent with these observa-
tions, the motility of D816 V cells was reduced 2-fold by treatment with
the Pim kinase inhibitor PIM447 for 24 h (Fig. 3F). However, cell ad-
hesion was unaffected by KIT D816 V mutation and by Pim kinase
knockdown (Fig. 3G). These data demonstrate that increased pro-
liferation and migration of the mutant cells—which are closely related
to poor prognosis—are regulated by Pim kinases.

3.3. Upregulation of Pim kinases is a specific feature of KIT D816 V cells

To confirm whether the D816 V mutation having a worse impact on
prognosis than the c-Kit TK2 domain activating mutation N822 K, is
related to Pim kinase upregulation, we examined the expression of
signal transduction proteins in N822 K and wild-type (N822) cells. The
KIT exon 17 wild-type (N822) clone #8 was established by replacing
the mutated A (Lys [K]: AAA) of N822 K with T (Asn [N]: AAT) by
CRISPR-Cas9 genome editing (Fig. 4A), and the knock-in was confirmed
by SNP sequencing (Fig. 4B).

We evaluated the effect of KIT N822 K on cell proliferation and

H. Park, et al. Leukemia Research 83 (2019) 106166

3



found that compared to N822 K cells, clone #8 had reduced pro-
liferative capacity (Fig. 4C). This result shows that the N822 K mutation
also alters cell growth and could confer a survival advantage to cancer
cells in a manner similar to D816 V.

To determine whether Pim kinase overexpression is specific to cells
with the D816 V mutation, we examined the levels of signaling mole-
cules by western blotting (Fig. 4D). Clone #8 showed decreased ex-
pression of phospho-c-Kit and total c-Kit, while PI3K, Erk1/2, and

mTOR levels showed the same trend as in D816 V cells. However, in
contrast to D816 V cells, Akt T308 and S473 expression were increased
in N822 K cells. Furthermore, expression of Pim-3 and STAT3, which
was elevated in D816 V cells, were unaffected by KIT N822 K mutation
(phospho-STAT5 was not detected).

Thus, PI3K p85/p55 and mTOR signaling were induced by N822 K
mutation as by D816 V mutation. However, the expression of Pim and
STAT was unaffected by N822 K mutation even though it enhanced cell

Fig. 2. Expression of signaling molecules and
viability of KIT D816 V cells. (A) Western blot
analysis of signaling molecules. Phospho-c-Kit,
mTOR, STATs, and Pim kinases were upregu-
lated in KIT D816 V cells. (B) Expression of Pim
kinases in nine human leukemic cell lines.
Phospho-c-Kit was detected only in KIT mutant
cell lines. Erk1/2 and glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) served as
loading controls. (C) Signal transduction in
HMC-1.1 and HMC-1.2 cells during outgrowth.
Phosphorylation of c-Kit, STAT5, Pim kinases,
and mTOR was increased in KIT D816 V cells.
(D) Expression levels of molecules up- and
downstream of Pim kinases in D816 V cells
treated with AZD1208. (E) Cytotoxicity eva-
luation of c-Kit inhibitors in KIT D816 V cells.
Dasatinib and BLU-285 reduced cell viability.
(F) Decreased expression of Pim kinases,
STAT3, and STAT5 following dasatinib or BLU-
285 treatment.
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proliferation like D816 V. Thus, although both D816 V and N822 K
promote the survival of cancer cells, only D816 V exerts its effects via
Pim kinase-mediated signaling. These data demonstrate that upregu-
lation of Pim kinases is a specific feature of D816 V cells and may ex-
plain the worse prognosis of patients harboring D816 V than those
having N822 K mutation.

4. Discussion

The KIT D816 V mutation occurs at a high rate (> 80%) in indolent
systemic mastocytosis (SM) and smoldering SM and is detected
in> 70% of aggressive SM cases [27,28]. The mutation significantly
impacts patient prognosis depending on overall mutation burden [6]. In
mast cell leukemia, a rare disease characterized by mast cell neoplasms,

Fig. 3. Evaluation of KIT D816 V cell pro-
liferation, migration, and adhesion according
to Pim kinase expression level. (A)
Proliferation assay after knockdown of Pim ki-
nases. Cell proliferation assessed by measuring
optical density (OD) on days 1, 4, and 6. (B)
Knockdown of Pim kinases was confirmed by
western blotting, with GAPDH serving as a
loading control. (C) Relative mRNA expression
of CXCR4 according to D816 V mutation status.
(D–F) Effect of D816 V and Pim kinase knock-
down on cell motility was assessed with the
transwell migration assay. Nutrient-starved
cells were seeded in the top chamber and mi-
grated cells were counted after 24 h. (G)
Fibronectin adhesion assay for evaluating cell
adhesion according to D816 V mutation status
and Pim kinase depletion.
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KIT D816 V is present in about 46% of patients and is linked to poor
prognosis [29]. Thus, therapeutic strategies that target D816 V cells
have potential clinical benefits and are currently being explored in
clinical trials.

Drugs targeting D816 V cells are classified as agents that regulate c-
Kit receptor activation or as multi-TK inhibitors (TKIs) that act on a
broad spectrum of TKs including c-Kit. Cells harboring D816 V are in-
herently resistant to the c-Kit inhibitor imatinib. Masitinib, which also

targets c-Kit, has recently been tested in clinical trials, and BLU-285
trials are actively ongoing. Ponatinib [22] and dasatinib [23] are multi-
TKIs that act on signaling molecules other than c-Kit (i.e., STAT5 and
Src) to regulate D816 V cell survival. Thus, targeting different factors
that are upregulated in this context is likely to be more effective than c-
Kit receptor blockade alone.

A study of SM patients with D816 V mutation showed that a high
proportion shown upregulation of PIM1 [30], implying that Pim kinases

Fig. 4. Effects of KIT N822 K mutation on leu-
kemic cells. (A) Schematic representation of
KIT N822 K knock-in by CRISPR-Cas9 genome
editing to replace the mutated sequence with a
reference sequence. (B) KIT N822 knock-in
clone #8 was confirmed by SNP sequencing
(knock-in site is marked with a red star; T is the
reference sequence). (C) Proliferation assay of
N822 K and N822 cells. Proliferation was de-
termined by measuring OD values. (D)
Expression of signal transduction molecules in
the presence of N822 K mutation. Phospho-c-
Kit, PI3K p85/p55, Akt, and mTOR levels were
increased by N822 K mutation. (For inter-
pretation of the references to colour in this
figure legend, the reader is referred to the web
version of this article).
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play a biologically important role in this disease. Our results demon-
strate that Pim kinases may also contribute to mast cell neoplasms
harboring D816 V mutation through as modulation of STATs and Src.

Given their important roles in the progression of hematologic and
solid cancers, drugs targeting Pim kinases and clinical trials are cur-
rently being developed. Most of these are pan-Pim kinase inhibitors that
act on Pim-1, -2, and -3 and are predicted to have potent anti-cancer
effects. Indeed, in our proliferation assay, the greatest degree of in-
hibition was observed by suppressing all three proteins. In a study of
the pan-Pim kinase inhibitor AZD1208 on AML cell lines showed that
drug response correlates with Pim-1 and STAT5 expression and
AZD1208 induces cell death by decreasing 4EBP1 and p70S6K activa-
tion [31]. A phase I trial for AZD1208 has been completed in advanced
solid tumors and malignant lymphomas and a clinical trial for another
pan-Pim kinase inhibitor, PIM447, combined with the JAK1/2 inhibitor
ruxolitinib and cyclin-dependent kinase 4/6 inhibitor LEE011 is on-
going. Combination treatment with an inhibitor of JAK1/2, which as-
sociated with the STAT activity, is especially promising as demon-
strated by the results of the present study.

Precision medicine improves treatment outcome by targeting the
specific factors promoting cancer cell survival in a patient. It is there-
fore important to identify the main signaling molecules involved in
cancer cell survival and clarify their functions. We determined that Pim
kinases are overexpressed in KIT D816 V cells and described their
functions in neoplastic mast cells. Pim-2 was the most highly expressed,
followed by Pim-1 and -3; it was also the first molecule to be down-
regulated by a low concentration of inhibitor, which had the greatest
impact on cell proliferation on day 6. In contrast, Pim-3 showed only a
slight change in expression level upon drug treatment and was asso-
ciated with the lowest degree of growth inhibition on day 6. Thus, the
function of each Pim molecule in KIT D816 V cells is related to its ex-
pression level, with Pim-2 being the most important in terms of the
survival of KIT D816 V cells.

Various non-canonical pathways are known to be involved in cell
survival [32] and tumorigenesis [33]. For instance, we found that
D816 V cells use Pim kinases rather than Akt or Erk1/2 to activate
downstream effectors such as mTOR (PI3K/STAT/Pim kinase/mTOR),

unlike N822 K cells that use a canonical signaling axis (PI3K/Akt/
mTOR) (Fig. 5). This could explain why the D816 V mutation is asso-
ciated with worse prognosis compared to other c-Kit activating muta-
tions.

5. Conclusions

The results of this study demonstrate that Pim kinase overexpression
is associated with KIT D816 V mutation, which is frequently detected in
mast cell neoplasms and results in poor prognosis. Given their critical
role in promoting cancer cell survival and migration, Pim kinases are
promising therapeutic targets in patients with KIT D816 V.
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