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GISTs are caused by activating KIT mutations

GIST: anti-KIT 

KIT expression and KIT mutations in GIST: 
      - diagnostic marker 

      - therapeutic target 

Heinrich MC, Corless CL, Duensing A, et al. Science 2003 
Duensing A et al. Cancer Res 2004 

•  high KIT protein expression

•  KIT gene mutations (75-85%)
     à gain of function

•  KIT mutation-negative cases
- PDGFRA (5-7%)
- “wildtype” (10-15%)



How does imatinib induce apoptosis in GIST cells? 

GIST882: 
treated with imatinib 
72h incubation 
30 min time frames 



Problem

although imatinib is a pretty good drug,
what are potential flaws that we need to overcome?

to develop new therapies,
we need to know how exactly imatinib works

new therapies
new therapeutic strategies

incomplete remissions
disease recurrence
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How to stop KIT signaling in GIST?
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Is inhibition of ABL by imatinib beneficial 
for GIST treatment? 

imatinib inhibits:
•  KIT
•  PDGFRA
•  PDGFRB
•  BCR-ABL 

(chronic myeloid 
leukemia)

•  ABL

normal ABL has 
various cell 
protective functions



ABL is present in GIST cells
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single and combination experiments (Figure 2A). As 
expected, siRNA-mediated knockdown of KIT led to a 
VLJQL¿FDQWO\� UHGXFHG� FHOOXODU� SUROLIHUDWLRQ� �)LJXUH� �%��
left panel; p < 0.0001) and increased apoptosis (Figure 2B, 
right panel; p < 0.01) when compared to transfection 
with non-targeting siRNA control in luminescence-based 
assays. By contrast, siRNA-mediated knockdown of 
ABL1 showed little to no effect on GIST882 proliferation 
or apoptosis (Figure 2B; p > 0.05). 

To our surprise, depletion of KIT and ABL1 in 
combination did not lead to an increased effect when 
compared to depletion of KIT alone, but rather to a 
VLJQL¿FDQWO\�DWWHQXDWHG�UHGXFWLRQ�RI�FHOOXODU�SUROLIHUDWLRQ�
(p < 0.02) and a strong trend towards a reduced induction 
of apoptosis (p < 0.08). Similar results were seen in a time 
course experiment over 72 hours when using the TUNEL 
assay for readout (Figure 2C). At 48 and 72 hours after 
transfection, siRNA-mediated knockdown of KIT and 
$%/�� LQ� FRPELQDWLRQ� OHG� WR� D� VLJQL¿FDQWO\� DWWHQXDWHG�
induction of apoptosis when compared to knockdown of 
KIT alone (p < 0.02 and p < 0.05, respectively). 

Moreover, we could show that combined silencing of 
.,7�DQG�$%/��UHVXOWHG�LQ�D�VLJQL¿FDQWO\�DWWHQXDWHG�LQFUHDVH�
RI�WKH�VXE�*��IUDFWLRQ�GHWHFWHG�E\�ÀRZ�F\WRPHWU\�ZKHQ�
compared to silencing of KIT alone (Figure 2D; p < 0.007).

The above results were corroborated by biochemical 
analyses (Figure 2E). Depletion of KIT and ABL1 in 
combination led to an attenuated induction of caspase 

3 cleavage when compared to depletion of KIT alone. 
Similarly, reduction of cyclin A levels were attenuated 
under these conditions.

Taken together, these results indicate that loss of 
ABL1 in addition to KIT attenuates the pro-apoptotic and 
anti-proliferative effect of KIT depletion in GIST cells and 
could thus be disadvantageous in the therapeutic setting.

Inhibition of ABL1 leads to activation of AKT

Having shown that loss of ABL1 in addition to 
KIT may be disadvantageous in the therapeutic setting of 
GIST, we set out to dissect the molecular mechanism of 
this phenomenon.

:H�¿UVW� DQDO\]HG�ZKROH� FHOO� O\VDWHV� RI�*,67����
cells after siRNA-mediated transfection of KIT and ABL1 
for known signaling mediators downstream of KIT by 
immunoblotting (Figure 3A). As expected, knockdown 
of KIT led to inhibition of MAPK signaling as assessed 
by reduced MAPK p42/44 phosphorylation at T202 
(Figure 3A). This effect was present to a similar extent 
after combined silencing of KIT and ABL1, but not seen 
after depletion of ABL1 alone. Similarly, the AKT–S6 
kinase (S6K) axis was inhibited after siRNA-mediated 
knockdown of KIT (Supplementary Figure S1, Figure 3B). 
To our surprise, however, silencing of ABL1 led to a 
substantial increase in S473-phosphorylated AKT resulting 
in increased levels of T389-phosphorylated S6 kinase. 

Figure 1: KIT and ABL1 are co-expressed in GIST. (A) Whole cell lysates of imatinib-sensitive (GIST882, GIST-T1) and imatinib-
resistant (GIST430, GIST48, GIST48B) GIST cell lines were immunoblotted for expression of the ABL1 protein. Lysates of normal human 
¿EUREODVWV��1+)���WKH�%&5�$%/��H[SUHVVLQJ�&0/�FHOO�OLQH�.����DV�ZHOO�DV�WKH�KXPDQ�OHLP\RVDUFRPD�FHOO�OLQHV�6.�/06�DQG�6.�87��
were analyzed in comparison. Arrows depict the native ABL1 protein (125 kDa) as well as the BCR-ABL1 fusion protein (210 kDa) 
detected exclusively in K562 cells. GIST cells show positive expression of KIT, except for GIST48B, which is a known KIT-negative 
GIST cell line. Actin stain is shown as loading control. (B) Whole cell lysates of fresh frozen human GIST samples were immunoblotted 
for expression of the ABL1 and KIT proteins. GIST882 cell lysates were included to compare expression levels to samples shown in (A).  
(C) ABL1 and KIT expression in primary and metastatic GISTs was assessed by immunohistochemical staining of a tissue microarray 
(TMA) containing 28 tumors [44]. Examples for high (case 3) and moderate (case 4) ABL1 expression is shown in two GISTs. Top panels, 
��î�PDJQL¿FDWLRQ��ERWWRP�SDQHOV����î�PDJQL¿FDWLRQ�
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“Inhibiting” KIT and ABL  
kills less GIST cells than “inhibiting” KIT alone
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Figure 2: Co-depletion of KIT and ABL1 attenuates the effects of KIT knock-down. (A) GIST882 cells were transfected 

with non-targeted siRNA control sequences (“C”) or small interfering RNA (siRNA) sequences targeting KIT and ABL1 either alone or in 

combination. Whole cell lysates obtained 24, 48 or 72 hours after transfection were immunoblotted for expression levels of phosphorylated 

(Y719) and total KIT as well as ABL1. (B) GIST882 cells were transfected as described in (A). Cell viability (left panel) and apoptosis 

(caspase 3/7 activity; right panel) were assessed 72 hours post transfection using luminescence-based assays. Results were normalized to 

transfection with non-targeted siRNA controls. Error bars represent standard error of the mean (SEM). *p < 0.02; (*)p < 0.08 (one-tailed 

t-test). (C) GIST882 cells were transfected as described in (A) and the percentage of apoptotic cells was determined using the TUNEL assay 

(red), left panels. Nuclei are stained with DAPI. Quantitation of apoptotic cells transfected with non-targeted siRNA control sequences 

(white bar) or siRNA sequences targeting KIT (black bars), ABL1 (light grey bars) or KIT and ABL1 in combination (dark grey bars) at the 

indicated time points, right panel. **p < 0.02; *p < 0.05 (one-tailed t-test). (D) GIST882 cells were transfected as described in (A) and their 

FHOO�F\FOH�SUR¿OH�ZDV�GHWHUPLQHG�E\�ÀRZ�F\WRPHWU\��WRS�SDQHOV���%RWWRP�SDQHO�VKRZV�TXDQWLWDWLRQ�RI�WKH�SHUFHQWDJH�RI�FHOOV�GHWHFWHG�LQ�WKH�
sub-G1 population (apoptotic cells). Error bars represent standard deviation. *p < 0.007. A representative experiment is shown. (E) GIST882 

cells were transfected as described in (A) and whole cell lysates (72 hours after transfection) were immunoblotted for ABL1 and KIT to 

document appropriate knockdowns. Blots were further probed for markers of apoptosis (cleaved caspase 3) and cell cycle activity (cyclin A).

Rausch J, et al. Oncotarget 2017 



ABL is a survival factor in GIST cells
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:KLOH�WKHLU�HI¿FDF\�LQ�WKH�DGYDQFHG�VHWWLQJ�LV�LQ�SDUW�GXH�
to the ability to inhibit KIT secondary mutations and likely 
also their broader kinase inhibitory spectrum, a reduced 
DELOLW\�WR�LQKLELW�$%/��FRXOG�EH�RI�DGGLWLRQDO�EHQH¿W��DV�
stated above.

We therefore compared the ability of sunitinib 
and regorafenib to inhibit ABL1 kinase activity and 
phosphorylation of its downstream effector CRKL with 
that of imatinib. CRKL is a well-established substrate 
of ABL1 [21]. However, it has also been shown to be 
downstream of KIT [22]. We thus chose to perform 
an in vitro� NLQDVH� DVVD\� WR� FLUFXPYHQW� DQ\� XQVSHFL¿F�
phosphorylation that could be due to KIT activity in 
GIST cells (Figure 5). We were indeed able to show that 
imatinib inhibits ABL1 phosphorylation (at Y412) as 
well as ABL1’s ability to phosphorylate its downstream 
WDUJHW� &5./� WR� D� VLJQL¿FDQWO\� JUHDWHU� H[WHQW� WKDQ�
sunitinib or regorafenib (Figure 5). Together, these results 
corroborate the notion that the reduced ability of sunitinib 
and regorafenib to inhibit ABL1 contributes to their 
effectiveness in the treatment of imatinib-resistant GIST.

,Q�VXPPDU\��RXU�VWXG\�LGHQWL¿HV�$%/��LQKLELWLRQ�DV�
an adverse off-target effect of KIT kinase inhibitors used 
WR�WUHDW�*,67��ZKLFK�FRXQWHUDFWV�WKHLU�HI¿FDF\��,W�LV�WKXV�
desirable to reduce the ABL1 inhibitory capacity when 
developing new KIT inhibitors in order to identify more 
effective therapies for GIST patients.

DISCUSSION

The majority of gastrointestinal stromal tumors is 
characterized by oncogenically activating mutations of the 
KIT receptor tyrosine kinase and can hence successfully be 

treated with the KIT inhibitor imatinib mesylate. However, 
it is well known that imatinib also strongly inhibits the 
oncogenic fusion protein BCR-ABL1 as well as the 
intracellular protein kinase ABL1. BCR-ABL1, generated 
by the t(9;22) chromosomal translocation, is almost 
exclusively expressed in CML. By contrast, the native, 
non-translocated ABL1 kinase is a ubiquitously expressed 
protein. It is therefore conceivable that inhibition of ABL1 
could contribute to the therapeutic effect of imatinib GIST. 
In the present study, we could show that ABL1 is indeed 
co-expressed with KIT in the majority of GISTs, including 
human GIST cell line models. However, co-depletion of 
KIT and ABL1 using siRNA-mediated knockdown – thus 
mimicking treatment with the KIT/ABL1 inhibitor imatinib 
– led to attenuated pro-apoptotic and anti-proliferative 
responses when compared to depletion of KIT alone. This 
effect was mediated, at least in part, by a novel mechanism 
that involves direct phosphorylation of the AKT survival 
kinase by the cyclin-dependent kinase CDK2.

Our results may seem surprising, because the 
ABL1 kinase is often viewed as an oncoprotein that is 
driving proliferation and the evolution of a malignant 
phenotype. However, most of this notion stems from 
studies of the BCR-ABL1 fusion oncogene. By contrast, 
the native ABL1 protein kinase is a negative regulator 
of the cell division cycle [8]. Early studies have shown 
that overexpression of wildtype ABL1 leads to cell cycle 
arrest in G1 [8]. In addition, ABL1 is necessary for 
mediating stress response and growth arrest as well as 
for mediating apoptosis in response to DNA-damaging 
agents [17, 23, 24]. Importantly, a recent study by Skorski 
et al. showed that deletion of the remaining normal copy 
of ABL1 in BCR-ABL1+ murine leukemia stem cells 

Figure 5: Imatinib inhibits ABL1 kinase activity more effectively than sunitinib or regorafenib. (A–C) A non-radioactive 
in vitro ABL1 kinase assay was performed using recombinant CRKL protein as a substrate. Reactions were performed in the presence or 
absence of imatinib (IM), sunitinib (SU) or regorafenib (REGO). Staining for global kinase phosphorylation (A), ABL1 phosphorylation 
(B) and CRKL phosphorylation (C) shows that imatinib inhibits ABL1 whereas sunitinib and regorafenib are substantially less effective 
ABL1 inhibitors. In (A), the bands likely depict phosphorylated CRKL, a ~40 kDa protein. Band intensity was measured using LI-COR 
Image Studio Lite (right panels) and values were normalized to the untreated sample. No tx, no treatment.
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•  new KIT inhibitors for GIST should have increased specificity for 
KIT and reduced ability to inhibit ABL 

•  sunitinib, regorafenib à no significant ABL inhibition 
•  nilotinib, dasatinib      à strong ABL inhibition 

•  BLU-285, DCC-2618 

Rausch J, et al. Oncotarget 2017 
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To corroborate these results, we inhibited PDK1 
activity using the small molecule PDK1 inhibitor 
OSU-03012 alone and in combination with the ABL1 
inhibitor GNF-2 (Figure 4B). While chemical inhibition 
of PDK1 alone led to a slight reduction of AKT S473 
phosphorylation, it did not attenuate AKT activation when 
used in combination with the ABL1 inhibitor GNF-2. 
These results further indicate that PDK1 is not involved in 
mediating AKT activation after functional loss of ABL1.

We next tested whether increased AKT 
phosphorylation after depletion of ABL1 could be a 
result of impaired dephosphorylation of AKT. However, 
no changes in expression levels of phosphatases that are 
either directly (PHLPP, PP2A) or indirectly (SET, CIP2A) 
involved in AKT dephosphorylation were detected after 
$%/��NQRFNGRZQ��)LJXUH��&���7RJHWKHU��WKHVH�¿QGLQJV�
provide an indication that a novel mechanism may lead to 
AKT activation after functional loss of ABL1.

CDK2 mediates activation of AKT after loss of 
ABL1

A recent study reported that the cyclin-dependent 
kinase CDK2 has the capability to directly phosphorylate 
AKT thereby enabling its full activation [17]. CDK2 acts 
in concert with cyclin A2, the predominant mammalian 
cyclin A isoform, facilitating entry into S phase [18, 19]. 
We have shown above (Figure 2E) that siRNA-mediated 
knockdown of ABL1 leads to increased expression 

levels of cyclin A2 and increased cellular proliferation. 
Therefore, we tested whether CDK2 could be directly 
responsible for leading to increased AKT phosphorylation 
levels after silencing or chemical inhibition of ABL1.

:H�¿UVW�WHVWHG�ZKHWKHU�VL51$�PHGLDWHG�NQRFNGRZQ�
of ABL1 leads to increased CDK2 activity. Indeed, 
silencing of ABL1 alone or in combination with siRNA-
mediated knockdown of KIT resulted in increased levels 
of CDK2 that is phosphorylated at T160  (Figure 4D). 
Similarly, chemical inhibition of ABL1 with GNF-2 
DOVR� FDXVHG� D� VLJQL¿FDQW� LQFUHDVH� LQ� &'.�� DFWLYDWLRQ�
�)LJXUH� �(��� 7RJHWKHU�� WKHVH� ¿QGLQJV� VXJJHVW� WKDW�
increased proliferative activity after functional inhibition 
of ABL1 is due to an increased activity of CDK2/cyclin 
A2 complexes.

To test whether CDK2 could be directly responsible 
for the increased levels of AKT phosphorylation after 
functional loss of ABL1, we reduced CDK2 expression 
levels through siRNA-mediated knockdown alone or 
in combination with ABL1. As shown in Figure 4F, 
VLOHQFLQJ�RI�&'.��OHG�WR�D�VLJQL¿FDQW�UHGXFWLRQ�LQ�$.7�
S473 activation when compared to transfection with 
non-targeting control siRNA. Importantly, however, 
knockdown of CDK2 in conjunction with ABL1 
attenuated the increase in AKT S473 activation induced by 
knockdown of ABL1 alone. Our results thereby indicate 
that CDK2 plays a key role in eliciting a pro-proliferative 
VLJQDO� DIWHU� IXQFWLRQDO� ORVV� RI�$%/��� ¿UVW�� E\� GLUHFWO\�
stimulating entry into the cell division cycle (S phase) 

Figure 3: ABL1 knockdown and chemical inhibition of ABL1 induce activation of AKT. (A, B) GIST882 cells were 
transfected with non-targeted siRNA control sequences (“C”) or siRNA sequences targeting KIT and ABL1 either alone or in combination. 
Whole cell lysates obtained 24, 48 or 72 hours after transfection were immunoblotted for expression levels of phosphorylated (T202) and 
total MAPK p42/44 (A) as well as phosphorylated (S473)/total AKT and phosphorylated (T389)/total S6K (B). (C) GIST882 cells were 
treated with DMSO control, the KIT/ABL1 inhibitor imatinib mesylate or the allosteric ABL1 inhibitor GNF-2. Whole cell lysates were 
immunoblotted for phosphorylated (S473) and total AKT.
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To corroborate these results, we inhibited PDK1 
activity using the small molecule PDK1 inhibitor 
OSU-03012 alone and in combination with the ABL1 
inhibitor GNF-2 (Figure 4B). While chemical inhibition 
of PDK1 alone led to a slight reduction of AKT S473 
phosphorylation, it did not attenuate AKT activation when 
used in combination with the ABL1 inhibitor GNF-2. 
These results further indicate that PDK1 is not involved in 
mediating AKT activation after functional loss of ABL1.

We next tested whether increased AKT 
phosphorylation after depletion of ABL1 could be a 
result of impaired dephosphorylation of AKT. However, 
no changes in expression levels of phosphatases that are 
either directly (PHLPP, PP2A) or indirectly (SET, CIP2A) 
involved in AKT dephosphorylation were detected after 
$%/��NQRFNGRZQ��)LJXUH��&���7RJHWKHU��WKHVH�¿QGLQJV�
provide an indication that a novel mechanism may lead to 
AKT activation after functional loss of ABL1.

CDK2 mediates activation of AKT after loss of 
ABL1

A recent study reported that the cyclin-dependent 
kinase CDK2 has the capability to directly phosphorylate 
AKT thereby enabling its full activation [17]. CDK2 acts 
in concert with cyclin A2, the predominant mammalian 
cyclin A isoform, facilitating entry into S phase [18, 19]. 
We have shown above (Figure 2E) that siRNA-mediated 
knockdown of ABL1 leads to increased expression 

levels of cyclin A2 and increased cellular proliferation. 
Therefore, we tested whether CDK2 could be directly 
responsible for leading to increased AKT phosphorylation 
levels after silencing or chemical inhibition of ABL1.

:H�¿UVW�WHVWHG�ZKHWKHU�VL51$�PHGLDWHG�NQRFNGRZQ�
of ABL1 leads to increased CDK2 activity. Indeed, 
silencing of ABL1 alone or in combination with siRNA-
mediated knockdown of KIT resulted in increased levels 
of CDK2 that is phosphorylated at T160  (Figure 4D). 
Similarly, chemical inhibition of ABL1 with GNF-2 
DOVR� FDXVHG� D� VLJQL¿FDQW� LQFUHDVH� LQ� &'.�� DFWLYDWLRQ�
�)LJXUH� �(��� 7RJHWKHU�� WKHVH� ¿QGLQJV� VXJJHVW� WKDW�
increased proliferative activity after functional inhibition 
of ABL1 is due to an increased activity of CDK2/cyclin 
A2 complexes.

To test whether CDK2 could be directly responsible 
for the increased levels of AKT phosphorylation after 
functional loss of ABL1, we reduced CDK2 expression 
levels through siRNA-mediated knockdown alone or 
in combination with ABL1. As shown in Figure 4F, 
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Figure 3: ABL1 knockdown and chemical inhibition of ABL1 induce activation of AKT. (A, B) GIST882 cells were 
transfected with non-targeted siRNA control sequences (“C”) or siRNA sequences targeting KIT and ABL1 either alone or in combination. 
Whole cell lysates obtained 24, 48 or 72 hours after transfection were immunoblotted for expression levels of phosphorylated (T202) and 
total MAPK p42/44 (A) as well as phosphorylated (S473)/total AKT and phosphorylated (T389)/total S6K (B). (C) GIST882 cells were 
treated with DMSO control, the KIT/ABL1 inhibitor imatinib mesylate or the allosteric ABL1 inhibitor GNF-2. Whole cell lysates were 
immunoblotted for phosphorylated (S473) and total AKT.



Novel therapeutic strategies in GIST
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Getting rid of KIT...
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Growth Signals⇓ Survival Signals⇓ 

Stops KIT signaling in GIST!
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How is KIT made?  
(from  DNA to protein)

Das Lebenshaus 

Widmung

3.1 Genes and c-kit receptors

Human genetic material is made up of about 30,000 different genes. Each of these
genes is present in the DNA (substance that contains the genetic information) in
every cell of the body.

Genes make sure that the cells form specific types of proteins. Some of these 
proteins communicate with other cells or genes. Cells use receptors (like aerials), as
well as other elements, to help them receive messages sent out by the proteins.The
receptors are constructed according to plans provided by the relevant gene in its
own cell.The c-kit gene, for example, contains a kind of operating instructions
which tell the cell how c-kit receptors are to be produced.

3. Background / genetics
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GISTs are sensitive
to transcriptional inhibitors

effective ineffective 

GIST 
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transcriptional 
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Boichuk S et al., Cancer Research 2014 



Mithramycin A: 
killing GIST cells by inhibiting KIT transcription

Boichuk S et al., Cancer Research 2014 

led to an exit of the cell division cycle as shown by increased
levels of p27Kip1 in GIST882 and a decrease in cyclin A in
GIST430 (Fig. 2E).

Taken together, our results show differences in the timing of
apoptosis induction and growth suppression between mithra-
mycin A (24 hours in GIST882 and GIST430) andmitoxantrone

Figure 2. The transcriptional inhibitor mithramycin A (MMA) and the topoisomerase II inhibitor mitoxantrone (MXN) effectively induce time-dependent GIST
cell apoptosis and cell-cycle arrest. A and B, dose-dependent effect of MMA (A) and MXN (B) on apoptosis (left) and cell viability (right) of GIST882 and
GIST430 cells as measured by luminescence-based assays (mean þ SE). ", P # 0.05 in comparison with control. C and D, immunoblot analysis (C) for
markers of apoptosis and cell-cycle regulation and TUNEL assay (D) in GIST cells after treatment with DMSO or 0.1 mmol/L MMA for the indicated times.
E, immunoblot analysis for markers of apoptosis and cell-cycle regulation in GIST cells after treatment with DMSO or MXN at indicated concentrations
for 72 hours or with MXN at the indicated times. F, brightfield image of GIST430 cells treated with DMSO or MXN (5 mmol/L) for 72 hours.

Unexpected Novel Treatment Options for GISTs
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Mithramycin A analogs: 
same activity, but better toxicity profile

Jessica Rausch - unpublished 

collaboration with EntreChem, Ovieda, Spain 
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Second generation inhibitors  
of the 26S proteosome
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Inhibitors of the 26S proteasome  
inhibit KIT transcription similar to bortezomib

IC50: 
 
•  Bortezomib:    15 nM    (10 nM) 

•  Delanzomib:    20 nM    (11 nM) 

•  Ixazomib:    90 nM    (50 nM) 

•  Carfilzomib:  500 nM  (130 nM) 

Rausch JL et al, CTOS 2014 
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•  second-generation 26S 
proteasome inhibitors are 
•  effective in GIST 
•  have the same mechanism 

of action as bortezomib  

•  planning clinical trial through NCI 
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How is KIT made?  
(from  DNA to protein)

Das Lebenshaus 

Widmung

3.1 Genes and c-kit receptors

Human genetic material is made up of about 30,000 different genes. Each of these
genes is present in the DNA (substance that contains the genetic information) in
every cell of the body.

Genes make sure that the cells form specific types of proteins. Some of these 
proteins communicate with other cells or genes. Cells use receptors (like aerials), as
well as other elements, to help them receive messages sent out by the proteins.The
receptors are constructed according to plans provided by the relevant gene in its
own cell.The c-kit gene, for example, contains a kind of operating instructions
which tell the cell how c-kit receptors are to be produced.

3. Background / genetics
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Inhibition of translation leads to loss of KIT 
and effectively kills GIST cells 

Patil SS et al, CTOS 2016 

Homoharringtonine (Synribo®)

•  inhibitor of protein translation

•  FDA-approved for treatment of imatinib-resistant chronic myeloid 
leukemia

(GIST430) 
IM-resistant www.sigmaaldrich.com 

Results 

Introduction 
 

Although KIT/PDGFRA-mutant gastrointestinal stromal tumors (GISTs) can be effectively treated with imatinib mesylate (IM), many patients 
develop resistance to IM as well as second- and third-line tyrosine kinase inhibitors. Resistance mainly involves secondary mutations in the KIT/
PDGFRA kinases, on which these tumors are still highly dependent. New therapeutic strategies targeting KIT/PDGFRA through different 
mechanisms are therefore highly intriguing. Homoharringtonine (HHT, omacetaxine, Synribo®) is an inhibitor of protein translation that has 
recently been FDA-approved for IM-resistant chronic myeloid leukemia (CML). HHT was also active in KIT-mutant mastocytosis models. We 
hypothesize that HHT could be effective in GIST through downregulation of KIT expression, thereby abolishing KIT activation. Studies were 
performed in IM-sensitive and IM-resistant GIST cells as well as BCR-ABL-positive CML cells (K562). Luminescence-based assays, TUNEL and 
immunoblotting (IB) were used to determine cell viability, apoptosis, proliferation and KIT activation/protein expression. Inhibition of protein 
translation was assessed using fluorescence-based protein synthesis assays and IB. RNA transcription and mRNA levels were determined using 
IB, RT-PCR and qRT-PCR. HHT was highly effective in GIST cells, irrespective of IM sensitivity. IC50s were 18-76 nM (48 nM in K562). HHT led 
to complete abolishment of KIT expression/activation at 100 nM, while mRNA levels were minimally affected at this concentration. Molecularly, 
the response involved PARP/caspase 3 cleavage and reduction of cyclin A levels. Nascent protein synthesis was significantly reduced in HHT 
treated cells, similarly to that seen in positive control cells treated with cycloheximide. The activity of translation initiation factor 4E-BP1 and 
ribosomal S6 kinase were reduced while RNA polymerase II phosphorylation levels were only affected at later time points. Targeting the protein 
translation machinery therefore is a promising novel strategy to overcome IM resistance in GIST. Further preclinical studies dissecting the precise 
mechanism of action of HHT and testing the compound in vivo are ongoing. 
  

The protein translation inhibitor homoharringtonine (HHT) is a promising new agent for the treatment of gastrointestinal stromal tumors (GISTs) 
 

Donna M. Lee1,#, Lijun Liu1,#, Sneha S. Patil1,#, Parker Trent1, Areej A. Ali1, Jessica L. Rausch1, Takahiro Taguchi2, Masahiro Shuda3, Anette Duensing1  
1Cancer Therapeutics Program, University of Pittsburgh Cancer Institute, Pittsburgh, PA, USA 

2Department of Anatomy, Kochi Medical School, Nankoku, Kochi, Japan 
3Cancer Virology Program, University of Pittsburgh Cancer Institute, Pittsburgh, PA, USA 
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Fig. 1. Homoharringtonine (HHT) inhibits protein translation. (A) 
HHT is derived from the Japanese Plum Yew. (B) HHT inhibits protein 
translation by binding to the A-site cleft of ribosomes. Many 
oncoproteins are intrinsically programmed to turn over with a short half-
life making them susceptible to protein translation inhibitors (modified 
from: Gandhi V et al., Clin. Cancer Res. 2014; 20:1735-1740). 
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Fig. 3. Homoharringtonine (HHT) reduces cell 
viability and induces apoptosis in GIST cells. (A-D) 
Imatinib (IM)-sensitive and IM-resistant GIST cells were 
treated with increasing concentrations of HHT as 
indicated. (A,B) Cell viability and (C,D) apoptosis were 
measured using luminescence-based assays. (E) IC50s 
of HHT in GIST are in the nanomolar range.  
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Fig. 2. Homoharringtonine (HHT) induces apoptosis by decreasing BCR-ABL 
levels in K562 chronic myeloid leukemia cells. (A-C) K562 cells were treated 
with increasing concentrations of HHT as indicated. (A) Cell viability was measured 
using a luminescence-based assay. The IC50 was at 48 nM. (B) HHT treatment of 
K562 cells induces apoptosis and cell cycle exit. (C) HHT treatment leads to 
decreased BCR-ABL protein expression. 
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Fig. 4. Homoharringtonine (HHT) induces apoptosis and cell 
cycle exit in GIST cells. IM-sensitive and IM-resistant cells were 
treated with increasing concentrations of HHT as indicated. Treatment 
induces apoptosis and leads to cell cycle exit as indicated by 
increased PARP and caspase 3 cleavage and decreasing levels of 
cyclin A. Interestingly, p27Kip1 levels also decrease, which could be 
due to translational inhibition. Similar results were obtained in 
GIST882 (IM-sensitive) and GIST48 (IM-resistant) cells. 
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Fig. 5. Homoharringtonine (HHT) induces apoptosis in a time-dependent manner in GIST cells. (A) IM-sensitive and IM-resistant cells treated with increasing concentrations of HHT as 
indicated. Apoptosis induction was determined by TUNEL assay. Similar results were obtained with GIST-T1 and GIST430 (B) IM-sensitive and IM-resistant were cells treated with 0.1 µM 
HHT for up to 72h, as indicated. Similar results were obtained with GIST-T1 and GIST430.  

B 

Figure 8. Reduction of KIT mRNA levels by 
homoharringtonine (HHT) are likely a secondary 
effect. (A, B) GIST cells were treated with 0.1 uM 
HHT for the indicated times. (A) Immunoblotting for 
phosphorylation of RNA polymerase II CTD S5 
shows reduced activation starting at 24 h, most likely 
as a result of cellular apoptosis. (B) Similarly, KIT 
mRNA levels (as measured by RT-PCR) are not or 
only minimally reduced after HHT treatment at later 
time points. Taken together, our results indicate that 
reduced KIT expression after HHT treatment is in 
fact primarily due to reduced protein translation.  
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Figure 6. Homoharringtonine (HHT) drastically reduces KIT protein expression in a dose-dependent and time-dependent 
manner. (A) Treatment of IM-sensitive and IM-resistant GIST cells with the protein translation inhibitor cycloheximide (CHX; 30 ug/ml 
for 3 h) resulted in a profound reduction of KIT levels. (B) IM-sensitive GIST882 cells were treated with increasing concentrations of 
HHT, as indicated. KIT (and phospho-KIT) expression is completely lost at 0.1 µM HHT. Similar results were obtained with GIST-T1, 
GIST430 and GIST48. (C) KIT expression is lost rapidly, starting after 1 h of treatment. IM-resistant GIST430 cells were treated with 0.1 
uM HHT. Similar results were obtained with GIST882, GIST-T1 and GIST48.  
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Conclusions 

•  Homoharringtonine (HHT) effectively induces apoptosis 
and decreases cell viability in imatinib-sensitive and 
imatinib-resistant GIST cells. 

•  The IC50s are in the low nanomolar range (18 – 76 nM) for 
KIT-dependent GIST cells. 

•  HHT is a potent translation inhibitor that shows inhibiting 
activity as early as 1 hour post treatment.  

•  HHT’s main mechanism of action in GIST cells is the 
inhibition of KIT protein translation and hence drastic 
reduction of KIT protein expression and activity. 

•  Nevertheless, HHT does have an effect on KIT-negative 
GIST cells (GIST48B) indicating that KIT-independent 
pathways are also affected by the drug. 

Acknowledgements: This work was supported by generous funding from the GIST 
Cancer Research Fund, The Life Raft Group, the Swiss GIST Group and numerous 
private donors.  

A Figure 9. Homoharringtonine 
(HHT) is less effective in KIT-
negative GIST48B cells. (A-C) 
GIST48B cells do not express KIT, 
in contrast to the parental cell line 
G I S T 4 8 a s s h o w n b y ( A ) 
immunoblotting, (B) RT-PCR and 
(C) quantitative RT-PCR (qRT-
PCR). (D-F) Nevertheless, HHT 
treatment leads to decreased cell 
viability (IC50 = 34nM), but only 
minimally increased apoptosis in 
these cells as measured by 
luminescence-based assays and 
immunoblotting.  
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Figure 7. Homoharringtonine (HHT) is a potent protein translation 
inhibitor. (A) GIST cells were treated with 0.1 µM HHT, 30 µg/ml 
cycloheximide (CHX), and 1µM IM or sunitinib (SU) for 1 h or 8 h. 
Protein translation activity was measured using a fluorescence-based 
nascent protein synthesis detection assay (Click-iTTM HPG Alexa 
FluorTM 488 Protein Synthesis Assay Kit). Just as potently as CHX, 
HHT rapidly and potently inhibited protein translation in IM-sensitive 
GIST882 and IM-resistant GIST430 cells. Interestingly, IM and SU 
also had some effect on protein synthesis. Similar results were 
obtained in GIST-T1 and GIST48. (B) GIST cells were treated with 0.1 
µM HHT for the indicated times. Immunoblotting shows a reduction of 
phosphorylated ribosomal S6 kinase and translation initiation factors 
4E-BP1, indicating that HHT treatment inhibits protein synthesis.  
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Ü development of KIT kinase inhibitors to target GIST 
should include reducing their ability to inhibit the ABL 
kinase

Ü eliminating KIT protein expression via 
•  inhibition of DNA transcription or 
•  inhibition of protein translation 

are promising treatment strategies for TKI-resistant 
GIST

Take-home messages
(Part I)
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To Do:

•  Buy fresh lime for the fiesta tonight

•  pick up the cat’s medicine at the vet’s

•  Buy a new bike helmet for Jr.



“Chemo-brain” 
(Chemotherapy-related cognitive dysfunction)

•  first described in the 1980s:
”Chemotherapy is associated with measurable decrements in 
neuropsychological test performance” (Silberfarb et al.)

•  Prevalence: ~15-80% depending on study

•  what is affected?
•  verbal memory, working memory, visual-motor processing 

speed

•  usually mild, not progressive impairments

•  often confounded by
•  age, education, IQ, pre-morbid neurologic impairment, 

depression, anxiety fatigue, substance use



Life after diagnosis and treatment of cancer  
in adulthood 

What Happens When Cancer
Treatments Are Complete?
Conceptualizing Periods of Cancer
Survivorship
In addition to prevention, diagnosis, and treatment phases,
the NCI designates survivorship as a distinct phase of the
cancer control continuum. Evidence that particular psycho-
social and behavioral experiences are more pronounced in

some periods of survivorship than others leads us to pro-
pose three periods within the survivorship phase: reentry,
early survivorship, and long-term survivorship. Figure 2
displays these periods and several experiences relevant to
each. Although distinct periods of survivorship have some
precedent in the literature (e.g., Gotay & Muraoka, 1998;
Mullan, 1985), our conceptualization includes no sharp
boundaries between periods, but rather fluidity in tran-
sition from one period to the next. Meant as a heuristic
for considering variation along what can be a long
course of survivorship, Figure 2 includes experiences
commonly documented in a proportion of cancer survi-
vors during each period. Important caveats are that some
sequelae are experienced by a minority of survivors, and
additional longitudinal research is needed to specify
their trajectories.
The Reentry Period
The reentry period (Mullan, 1985), wherein one makes the
psychosocial transition from “cancer patient” to “person
with a history of cancer,” typically spans the point from
completion of major cancer treatments, which can vary
from a few weeks to more than 1 year, through the next
several months. Health care professionals often do little to
prepare patients for the reentry period, which can contrib-
ute to cancer survivors and intimate others holding unreal-
istically lofty expectations for rapid recovery (IOM, 2006;
Janz et al., 2008; Marcus et al., 2002) and being surprised
by their feelings as treatment ends. As physician Elizabeth
McKinley (2000) wrote, “I thought I would feel happy
about finally reaching the end of treatment, but instead, I
was sobbing . . . Instead of joyous, I felt lonely, abandoned,
and terrified. This was the rocky beginning of cancer sur-
vivorship for me” (p. 479).

Figure 2
Hypothesized Periods of Cancer Survivorship and Associated Sequelae: An Evolving Heuristic Model

Julia H.
Rowland

161February–March 2015 ● American Psychologist
Stanton A, Rowland JH, Ganz PA, American Psychologist, 70, 159-174 



What causes chemo-brain? 
(And why does not everyone get it?)

•  widely varying 
hypothesized 
mechanisms

•  direct neurotoxicity and 
cell death

•  white matter degradation

•  pro-inflammatory 
cytokines (“the immune 
system”)

•  estrogen suppression – 
hormone therapy

•  stress?

Pine Street Foundation, Becoming Your Own Advocate Newsletter, 2005



So, chemo-brain is real. But…

Why do many patients still have 
normal neuropsychological testing 

scores? 
 

Where is the impairment?!



Non-cancer Twin-Twin B

Chemotherapy-treated Twin-Twin A

3-back>0-back2-back>0-back1-back>0-back

Ferguson RJ et al., Journal of Clinical Oncology, 2007 



The chemo-brain (has to) work 
harder to get things done.

What are the consequences?
social life, family, employment…

 

And what to do about it?!



MAAT – Memory & Attention Adaptation Training

CRCD
Biological	Triggers;	
Alterations	in	Brain	

Structure	and	Function

Daily	Task	Performance	
Difficulty

Perceptions	of	Disparity	
Between	Cognitive	

Demands	and	Cognitive	
Abilities	

Distress	Responding

Misattribution	of	Distress-
Related	Cognitive	Problems		

to	CRCD	(confirmatory	
experience)

Exacerbates	
CRCD

Fig	1.	Diathesis-Stress	and	Appraisal	Model	of	CRCD	
and	MAAT	Components	of	Change

Compensatory	Strategies

Self-awareness

Stress	Management

Education	and	
Reattribution

MAAT

cancer-related 
cognitive dysfunction 

Memory & Attention 
Adaptation Training 

4 treatment components

•  Education and 
“memory failure 
reattribution” 

•  Self-awareness training

•  Self-regulation and 
stress management

•  Cognitive 
Compensatory 
strategies



It works!

cognitive 
impairments 

neurocognitive 
processing speed 

quality of life 



Nothing is known…

… about cognitive dysfunction
in patients on long-term

tyrosine kinase inhibitor therapy.

Like you!



A web-based survey of cognitive dysfunction 
and other patient-reported outcomes  

in people with GIST  

Dr. Robert J. Ferguson, PhD 
 
Biobehavioral Oncology Program 
UPMC Hillman Cancer Center 
University of Pittsburgh School of Medicine 

Dr. Dana Bovbjerg, PhD 
 
Director, Biobehavioral Oncology Program 
UPMC Hillman Cancer Center 
University of Pittsburgh School of Medicine 

Dr. Beth E. Snitz, PhD 
 
 
Department of Neurology 
University of Pittsburgh School of Medicine 



What were the 3 items that 
you were assigned to 

remember?





What is our survey about? 
What will we ask?

1. some basic questions:

•  basic demographics
•  basic clinical and treatment 

history

2. standardized questionnaires 
asking about:

•  general health
•  perceived cognitive 

impairments
•  fatigue
•  sleep disturbance
•  emotional distress – 

depression 
•  pain



Important to know...

Ø  validated, widely used questionnaires with strong psychometric 
properties

Ø  PROMIS
(patient-reported outcomes measurement information system)
-  library for health care researchers to measure health with valid and reliable 

questionnaires about symptoms, function and quality of life
-  access for researchers through credentialed registration process 
-  limits spread of questionnaires and copyright violations

Ø  standardized reference populations
-  normed on thousands of patients and healthy individuals

Ø  numerical rating scale



Important to know...

Ø  completely anonymous

Ø  no personal or private health information is being asked

Ø  nobody can be identified



WE WANT YOU 
to directly participate in our research! 

auburnplayers.org 



Now! (And later...)

•  take our survey (once it goes live...)

•  will be posted on GSI listserv and GSI Facebook page

•  let us know if we missed something

•  fill out form in your conference package

•  leave with me or the conference organizers
     (Ginger, Marina...)

•  or: email me with suggestions: aduensin@pitt.edu
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Conclusions  
NEED TO REVISE TO INCLUDE ALL OF THE 

PREVIOUS CHEMO BRAIN
•  MAAT appears to be more effective than other 

cognitive behavioral therapy.

•  MAAT likely has positive sustained effects on 
quality of life (less anxiety about cognitive 
failures).

•  It can readily be delivered electronically with high 
survivor satisfaction.



WE WANT YOU 
auburnplayers.org 



ABL is a survival factor in GIST cells

Oncotarget4476www.impactjournals.com/oncotarget

To corroborate these results, we inhibited PDK1 
activity using the small molecule PDK1 inhibitor 
OSU-03012 alone and in combination with the ABL1 
inhibitor GNF-2 (Figure 4B). While chemical inhibition 
of PDK1 alone led to a slight reduction of AKT S473 
phosphorylation, it did not attenuate AKT activation when 
used in combination with the ABL1 inhibitor GNF-2. 
These results further indicate that PDK1 is not involved in 
mediating AKT activation after functional loss of ABL1.

We next tested whether increased AKT 
phosphorylation after depletion of ABL1 could be a 
result of impaired dephosphorylation of AKT. However, 
no changes in expression levels of phosphatases that are 
either directly (PHLPP, PP2A) or indirectly (SET, CIP2A) 
involved in AKT dephosphorylation were detected after 
$%/��NQRFNGRZQ��)LJXUH��&���7RJHWKHU��WKHVH�¿QGLQJV�
provide an indication that a novel mechanism may lead to 
AKT activation after functional loss of ABL1.

CDK2 mediates activation of AKT after loss of 
ABL1

A recent study reported that the cyclin-dependent 
kinase CDK2 has the capability to directly phosphorylate 
AKT thereby enabling its full activation [17]. CDK2 acts 
in concert with cyclin A2, the predominant mammalian 
cyclin A isoform, facilitating entry into S phase [18, 19]. 
We have shown above (Figure 2E) that siRNA-mediated 
knockdown of ABL1 leads to increased expression 

levels of cyclin A2 and increased cellular proliferation. 
Therefore, we tested whether CDK2 could be directly 
responsible for leading to increased AKT phosphorylation 
levels after silencing or chemical inhibition of ABL1.

:H�¿UVW�WHVWHG�ZKHWKHU�VL51$�PHGLDWHG�NQRFNGRZQ�
of ABL1 leads to increased CDK2 activity. Indeed, 
silencing of ABL1 alone or in combination with siRNA-
mediated knockdown of KIT resulted in increased levels 
of CDK2 that is phosphorylated at T160  (Figure 4D). 
Similarly, chemical inhibition of ABL1 with GNF-2 
DOVR� FDXVHG� D� VLJQL¿FDQW� LQFUHDVH� LQ� &'.�� DFWLYDWLRQ�
�)LJXUH� �(��� 7RJHWKHU�� WKHVH� ¿QGLQJV� VXJJHVW� WKDW�
increased proliferative activity after functional inhibition 
of ABL1 is due to an increased activity of CDK2/cyclin 
A2 complexes.

To test whether CDK2 could be directly responsible 
for the increased levels of AKT phosphorylation after 
functional loss of ABL1, we reduced CDK2 expression 
levels through siRNA-mediated knockdown alone or 
in combination with ABL1. As shown in Figure 4F, 
VLOHQFLQJ�RI�&'.��OHG�WR�D�VLJQL¿FDQW�UHGXFWLRQ�LQ�$.7�
S473 activation when compared to transfection with 
non-targeting control siRNA. Importantly, however, 
knockdown of CDK2 in conjunction with ABL1 
attenuated the increase in AKT S473 activation induced by 
knockdown of ABL1 alone. Our results thereby indicate 
that CDK2 plays a key role in eliciting a pro-proliferative 
VLJQDO� DIWHU� IXQFWLRQDO� ORVV� RI�$%/��� ¿UVW�� E\� GLUHFWO\�
stimulating entry into the cell division cycle (S phase) 

Figure 3: ABL1 knockdown and chemical inhibition of ABL1 induce activation of AKT. (A, B) GIST882 cells were 
transfected with non-targeted siRNA control sequences (“C”) or siRNA sequences targeting KIT and ABL1 either alone or in combination. 
Whole cell lysates obtained 24, 48 or 72 hours after transfection were immunoblotted for expression levels of phosphorylated (T202) and 
total MAPK p42/44 (A) as well as phosphorylated (S473)/total AKT and phosphorylated (T389)/total S6K (B). (C) GIST882 cells were 
treated with DMSO control, the KIT/ABL1 inhibitor imatinib mesylate or the allosteric ABL1 inhibitor GNF-2. Whole cell lysates were 
immunoblotted for phosphorylated (S473) and total AKT.

Oncotarget4478www.impactjournals.com/oncotarget

:KLOH�WKHLU�HI¿FDF\�LQ�WKH�DGYDQFHG�VHWWLQJ�LV�LQ�SDUW�GXH�
to the ability to inhibit KIT secondary mutations and likely 
also their broader kinase inhibitory spectrum, a reduced 
DELOLW\�WR�LQKLELW�$%/��FRXOG�EH�RI�DGGLWLRQDO�EHQH¿W��DV�
stated above.

We therefore compared the ability of sunitinib 
and regorafenib to inhibit ABL1 kinase activity and 
phosphorylation of its downstream effector CRKL with 
that of imatinib. CRKL is a well-established substrate 
of ABL1 [21]. However, it has also been shown to be 
downstream of KIT [22]. We thus chose to perform 
an in vitro� NLQDVH� DVVD\� WR� FLUFXPYHQW� DQ\� XQVSHFL¿F�
phosphorylation that could be due to KIT activity in 
GIST cells (Figure 5). We were indeed able to show that 
imatinib inhibits ABL1 phosphorylation (at Y412) as 
well as ABL1’s ability to phosphorylate its downstream 
WDUJHW� &5./� WR� D� VLJQL¿FDQWO\� JUHDWHU� H[WHQW� WKDQ�
sunitinib or regorafenib (Figure 5). Together, these results 
corroborate the notion that the reduced ability of sunitinib 
and regorafenib to inhibit ABL1 contributes to their 
effectiveness in the treatment of imatinib-resistant GIST.

,Q�VXPPDU\��RXU�VWXG\�LGHQWL¿HV�$%/��LQKLELWLRQ�DV�
an adverse off-target effect of KIT kinase inhibitors used 
WR�WUHDW�*,67��ZKLFK�FRXQWHUDFWV�WKHLU�HI¿FDF\��,W�LV�WKXV�
desirable to reduce the ABL1 inhibitory capacity when 
developing new KIT inhibitors in order to identify more 
effective therapies for GIST patients.

DISCUSSION

The majority of gastrointestinal stromal tumors is 
characterized by oncogenically activating mutations of the 
KIT receptor tyrosine kinase and can hence successfully be 

treated with the KIT inhibitor imatinib mesylate. However, 
it is well known that imatinib also strongly inhibits the 
oncogenic fusion protein BCR-ABL1 as well as the 
intracellular protein kinase ABL1. BCR-ABL1, generated 
by the t(9;22) chromosomal translocation, is almost 
exclusively expressed in CML. By contrast, the native, 
non-translocated ABL1 kinase is a ubiquitously expressed 
protein. It is therefore conceivable that inhibition of ABL1 
could contribute to the therapeutic effect of imatinib GIST. 
In the present study, we could show that ABL1 is indeed 
co-expressed with KIT in the majority of GISTs, including 
human GIST cell line models. However, co-depletion of 
KIT and ABL1 using siRNA-mediated knockdown – thus 
mimicking treatment with the KIT/ABL1 inhibitor imatinib 
– led to attenuated pro-apoptotic and anti-proliferative 
responses when compared to depletion of KIT alone. This 
effect was mediated, at least in part, by a novel mechanism 
that involves direct phosphorylation of the AKT survival 
kinase by the cyclin-dependent kinase CDK2.

Our results may seem surprising, because the 
ABL1 kinase is often viewed as an oncoprotein that is 
driving proliferation and the evolution of a malignant 
phenotype. However, most of this notion stems from 
studies of the BCR-ABL1 fusion oncogene. By contrast, 
the native ABL1 protein kinase is a negative regulator 
of the cell division cycle [8]. Early studies have shown 
that overexpression of wildtype ABL1 leads to cell cycle 
arrest in G1 [8]. In addition, ABL1 is necessary for 
mediating stress response and growth arrest as well as 
for mediating apoptosis in response to DNA-damaging 
agents [17, 23, 24]. Importantly, a recent study by Skorski 
et al. showed that deletion of the remaining normal copy 
of ABL1 in BCR-ABL1+ murine leukemia stem cells 

Figure 5: Imatinib inhibits ABL1 kinase activity more effectively than sunitinib or regorafenib. (A–C) A non-radioactive 
in vitro ABL1 kinase assay was performed using recombinant CRKL protein as a substrate. Reactions were performed in the presence or 
absence of imatinib (IM), sunitinib (SU) or regorafenib (REGO). Staining for global kinase phosphorylation (A), ABL1 phosphorylation 
(B) and CRKL phosphorylation (C) shows that imatinib inhibits ABL1 whereas sunitinib and regorafenib are substantially less effective 
ABL1 inhibitors. In (A), the bands likely depict phosphorylated CRKL, a ~40 kDa protein. Band intensity was measured using LI-COR 
Image Studio Lite (right panels) and values were normalized to the untreated sample. No tx, no treatment.
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•  new KIT inhibitors for GIST should have increased specificity for 
KIT and reduced ability to inhibit ABL 

•  sunitinib, regorafenib à no significant ABL inhibition 
•  nilotinib, dasatinib      à strong ABL inhibition 

•  BLU-285, DCC-2618 

Rausch J, et al. Oncotarget 2017 


