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Ponatinib is active against imatinib-resistant mutants of
FIP1L1-PDGFRA and KIT, and against FGFR1-derived
fusion kinases
Leukemia advance online publication, 3 February 2012;
doi:10.1038/leu.2012.8

Imatinib, the small molecule inhibitor of BCR-ABL1, has revolutio-
nized treatment of chronic myeloid leukemia (CML), and of other
malignancies driven by deregulation of imatinib-sensitive tyrosine
kinases, for example PDGFRA, PDGFRB or KIT. Yet, selection of
imatinib-resistant kinase domain mutations is curtailing CML
response rates. Ponatinib is a third-generation kinase inhibitor
with potent activity towards wild-type BCR-ABL1, as well as
numerous imatinib-resistant BCR-ABL1 kinase domain mutants,
including the notorious T315I mutation.1

Patients with myeloid neoplasms with eosinophilia, and the
FIP1L1-PDGFRA fusion gene, are exquisitely sensitive to imatinib
and many of them reach a durable molecular remission under
imatinib.2,3 Yet, rare cases of secondary resistance have also been

reported, with the acquisition of a T674I mutation in seven
patients and a D842V mutation in one (for a recent overview, see
Metzgeroth et al.4).3 -- 5 The FIP1L1-PDGFRA-T674I mutation has
limited to absent sensitivity to nilotinib and dasatinib in vitro but
responds well to sorafenib.6,7 However, the effect of sorafenib in
two patients with the FIP1L1-PDGFRA-T674I mutation was limited
and variable: no response was obtained in one case, whereas in
the other patient, a short-lived response was followed by selection
of the panresistant FIP1L1-PDGFRA-D842V mutation and blast
crisis.4,7 Myeloid/lymphoid neoplasms associated with eosinophilia
and a rearrangement of FGFR1, also known as the 8p11
myeloproliferative syndrome (EMS), are aggressive stem cell
disorders.8 Although, the FGFR1 fusion kinase constitutes a
potential therapeutic target, the disease remains medically
untreatable today. Finally, various KIT mutations are pathogenic
drivers in gastrointestinal stromal tumors (GIST), systemic masto-
cytosis (SM) and other malignancies. The KIT-D816V mutation

Figure 1. Analysis of FIP1L1-PDGFRA mutant- and CUX1-FGFR1-expressing Ba/F3 cells. (a) The dose-response curve of Ba/F3 cells expressing
FIP1L1-PDGFRA-T674I or FIP1L1-PDGFRA-D842V, when treated with ponatinib for 24 h. Inhibitor dilutions were made in dimethyl sulfoxide
immediately before use. Shown is the relative proliferation compared with the untreated control. Wild-type Ba/F3 cells treated with ponatinib
in the presence of IL-3 are also depicted. Dose-response curves were fitted using GraphPad Prism5 software (La Jolla, CA, USA). (b) Western
blot analyses of 2� 106 FIP1L1-PDGFRA mutant-transformed Ba/F3 cells after treatment with ponatinib for 90min. The phosphorylation status
of FIP1L1-PDGFRA and its downstream targets STAT5 and ERK1/2 decreases upon inhibitor treatment. (c) The dose-response curve of
CUX1-FGFR1-expressing Ba/F3 cells, treated with ponatinib for 24 h. Shown is the relative proliferation compared with the untreated control.
Wild-type Ba/F3 cells treated with ponatinib in the presence of IL-3 are also depicted. (d) Western blot analyses of 2� 106 CUX1-FGFR1-
transformed Ba/F3 cells after treatment with ponatinib for 90min. The phosphorylation status of CUX1-FGFR1 and its downstream targets
STAT5 and ERK1/2 decreases upon inhibitor treatment.
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occurs in SM and melanoma and is primarily resistant to imatinib.
In GIST, KIT-W557_K558del mutations are common and respond
well to imatinib treatment, but here also different secondary
mutations (T670I and D820A) are known that confer resistance.9

Besides its activity against BCR-ABL1, the activity of ponatinib in
vitro also encompasses PDGFRA, KIT and FGFR1.1 Potent activity
towards oncogenic fusion or mutant kinases such as FIP1L1-
PDGFRA, KIT-N822K and FGFR1OP2-FGFR1 has also been docu-
mented.10 Therefore, we investigated the effect of ponatinib on
imatinib-resistant mutations of FIP1L1-PDGFRA, of KIT and on an
imatinib-insensitive FGFR1 fusion.

Ba/F3 cells expressing the imatinib-resistant FIP1L1-PDGFRA-
T674I or panresistant FIP1L1-PDGFRA-D842V mutant were
cultured for 24 h in the presence of increasing ponatinib
concentrations. Ponatinib strongly inhibited growth of the
FIP1L1-PDGFRA-T674I mutant-expressing cells with an IC50 of
9 nM. It was also active against the FIP1L1-PDGFRA-D842V mutant
but with a higher IC50 (154 nM) (Figure 1a). The IC50 of ponatinib
for BCR-ABL1-T315I- and FIP1L1-PDGFRA-expressing Ba/F3 was
16 nM and 0.6 nM, respectively, consistent with previous reports
(data not shown).1,10 IL-3-driven growth of wild-type Ba/F3 cells
was highly resistant to ponatinib (IC50 of 2 mM) (Figure 1a). With
western blotting, we demonstrate a strong inhibition of the
constitutive autophosphorylation of either FIP1L1-PDGFRA-T674I
or FIP1L1-PDGFRA-D842V by ponatinib starting from 10 nM and
500 nM, respectively. Also, the FIP1L1-PDGFRA downstream targets
STAT5 and ERK1/2 were inactivated at similar concentrations
(Figure 1b). Next, we explored the activity of ponatinib against
CUX1-FGFR1, a recently described oncogenic FGFR1 fusion kinase,
not responding to imatinib.11 The growth of CUX1-FGFR1-
expressing Ba/F3 cells was inhibited by ponatinib with an IC50
of 56 nM (Figure 1c). Again, this correlated nicely with decreasing
tyrosine phosphorylation of the fusion protein and its downstream
targets STAT5 and ERK1/2 (Figure 1d).

Furthermore, we investigated cell-based models of imatinib-
resistant KIT mutant-driven malignancies. Ba/F3 cells were used
expressing KIT-D816V, KIT-Y823D, KIT-W557_K558delþ T670I and
KIT-W557_K558delþD820A. Treatment for 24 h with increasing
ponatinib concentrations strongly inhibited cell growth of Ba/F3
cells expressing the KIT double mutants KIT-W557_K558delþ
T670I and KIT-W557_K558delþD820A with an IC50 of 15 nM and
2 nM, respectively. For the primary imatinib-resistant KIT mutants,
an IC50 of 62 nM (KIT-Y823D) and 405 nM (KIT-D816 V) was
recorded (Figure 2a). With western blotting, a complete inhibition
of KIT phosphorylation was demonstrated for the KIT double
mutants upon ponatinib treatment at 100 nM, with a correspond-
ing decreasing phosphorylation of the downstream targets ERK1/2
and AKT (Figure 2b). Although KIT-Y823D phosphorylation was
sensitive to ponatinib, this was less the case for its downstream-
signaling intermediates ERK1/2 and AKT (Figure 2b). In line with
the growth experiment, ponatinib had no effect on KIT-D816V
phosphorylation (data not shown).

Thus, ponatinib is highly active in vitro towards the major
imatinib-resistant FIP1L1-PDGFRA-T674I mutation and, at the
higher end of the clinically achievable concentration range,
against FIP1L1-PDGFRA-D842V.12 Although the number of eligible
patients is low, their prognosis is uniformly dismal, which urges
clinical testing of ponatinib in this setting.4 We also demonstrate
strong inhibition of the CUX1-FGFR1 fusion by ponatinib at
clinically achievable levels. This provides additional credence to its
activity against FGFR1-derived oncogenic fusions in cell lines.10

Of interest, we previously showed sensitivity of the CUX1-FGFR1
fusion to dovitinib, but with ponatinib the non-toxic range is
broader.11 Taken together, this suggests that ponatinib could have
a wider therapeutic index than dovitinib in the treatment of EMS.
Lastly, the inhibitory potential of ponatinib was evaluated for
different imatinib-resistant KIT mutants. The imatinib-resistant
double mutant KIT-W557_K558delþ T670I was shown to be

sensitive to sunitinib and sorafenib, whereas KIT-W557_K558delþ
D820A was not previously investigated.13,14 Here, we demonstrate
a good response of both mutants to low nanomolar doses of
ponatinib, and in this context ponatinib adds to the diversity of
treatment options. Also the primary imatinib-resistant KIT-Y823D
mutant, known to be sensitive to sorafenib, was inhibited by
ponatinib. In contrast, ponatinib lacks therapeutic efficacy towards
the imatinib-resistant KIT-D816V mutation, typically occurring in
SM. Ponatinib is a type-II inhibitor targeting the inactive DFG-out
conformation of the kinase.15 The KIT-D816V mutation alters the
inactive -- active equilibrium by stabilizing the activated kinase
conformation. Thus, binding of type-II inhibitors, such as
ponatinib, is hindered leading to a reduced inhibitory activity.12,15

In summary, our data indicate that ponatinib, which is currently
under investigation in phase II clinical trials for imatinib-resistant
CML, is active in vitro against CUX1-FGFR1, FIP1L1-PDGFRA-T674I,
FIP1L1-PDGFRA-D842V and against specific KIT mutants. Its
potential in the therapeutic management of EMS, primary or
secondary imatinib-resistant GIST, or imatinib-resistant FIP1L1-
PDGFRA-positive disease, needs further evaluation.

Figure 2. Effect of ponatinib on KIT mutant-expressing Ba/F3 cells.
(a) The dose-response curve of Ba/F3 cells expressing different KIT
mutants, upon ponatinib treatment for 24h. Shown is the relative
proliferation compared with the untreated control. Wild-type Ba/F3
cells treated with ponatinib in the presence of IL-3 are also depicted.
(b) Western blot analyses of 4� 106 KITmutant-transformed Ba/F3 cells
after treatment with ponatinib for 2h. The phosphorylation status of
KIT-W557_K558delþ T670I and its downstream targets ERK1/2 and
AKT decreases with increasing ponatinib concentrations. A similar
result was obtained for KIT-W557_K558delþD820A (data not shown).
For KIT-Y823D, KIT and ERK1/2 activity decreases upon ponatinib
treatment, which had only a limited effect on AKT phosphorylation.
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