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Disclaimer: I am not a physician. I am a scientist (biochemistry/ toxicology) 
with some experience in cancer research. 

Nothing in this presentation should be regarded as medical advice or as a 
substitute for consulting with your doctors.

David Josephy
Life Raft Group Canada

david.josephy@liferaftgroup.ca
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Some of the science behind the discovery of drugs for GIST
Part 2:  The discovery of drugs for GIST



The GIST-KIT connection (1998): 
KIT is the oncogene that drives most GISTs.
KIT gene encodes the KIT protein (a “tyrosine kinase”).

• GIST cells almost always express KIT protein 
• In most cases of GIST, the KIT gene is mutated, producing an 

aberrant form of KIT protein that “drives” cell division and 
therefore drives the cancer.

Yukihiko Kitamura, M.D. Seiichi Hirota, M.D.
Osaka Univ. Med. School
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KIT is one member of a large family of related proteins. 
PDGFR is a “close cousin”.

KIT
PDGFR

human tyrosine kinases
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imatinib sunitinib

regorafenib ripretinib

The five FDA-approved GIST drugs (2020)
All of them are KIT inhibitors.
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avapritinib



Two approaches to discovering GIST drugs

1) Cell-based screening
- Grow GIST cells on dishes “in vitro” … if we can!
- Screen a library of compounds for ones that kill the GIST cells.

2) Biochemical (molecular) screening
- Prepare purified KIT protein
- Assay its enzyme activity “in the test tube”
- Screen a library of compounds for ones that inhibit KIT.

The construction of the library is guided by knowledge of the structure of 
the target (e.g., KIT protein).

The biochemical screening approach is faster, but the cell-based assays 
are important tools (usually, a later step in the drug development process).
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Cell-based screening
- Grow GIST cells on dishes “in vitro” … if we can!
- Screen a library of compounds for ones that kill the GIST cells.
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In contrast to bacteria, mammalian cells are not so easy to grow in culture.

The natural habitat of mammalian cells is the warm, well-oxygenated, 
nutrient-rich mammalian body!

“HeLa” cells (cervical cancer), 1951: one of the first successes.
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GIST cells are really hard to grow in culture! 

Several GIST cell lines have been established, but from only a handful 
of patient’s tumours. The cells are “finicky” and slow-growing.

PDGFRA-mutant and SDH-deficient GIST cells have – so far – been 
impossible to grow in culture.

These difficulties may reflect the fact that most GISTs are relatively 
slow-growing, “indolent” tumours, compared to (e.g.) breast or colon 
or lung cancers, which are easier to grow in culture.
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A GIST cell line (Jonathan Fletcher lab., Harvard Med.):

“GIST430”: established from a GIST that progressed during imatinib therapy

Bauer et al., Cancer Res. 66: 9153-9161, 2006.
KIT mutations in GIST430:
- primary: heterozygous, exon 11 (juxtamembrane region), in-frame deletion
- secondary: heterozygous, exon 13 (kinase ATP-binding region), V654A
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GIST T-1 (imatinib-sensitive) or GIST T-1R (imatinib-resistant) cells were treated 
with DMSO (solvent control), or imatinib (1 μM) for 6 days; then, the culture dishes 
were stained with crystal violet.

Boichuk et al., Molecules 2018.

But, this is not a high-throughput screening protocol!

GIST T-1 GIST T-1R

Imatinib sensitivity/ resistance can be demonstrated with 
cultured GIST cells grown in dishes.
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Biochemical (molecular) screening
- Prepare purified KIT protein
- Assay its enzyme activity “in the test tube”
- Screen a library of compounds for ones that inhibit KIT.
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Constructing a library of compounds:

“Rational design”: 
In silico screening:
“fishing from a glass-bottomed boat”
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Especially in the early phases of drug 
discovery projects, “in silico” tools, 
based on knowledge of the target 
receptor (protein) structure, are used 
for discovering lead compounds.



“In silico”: Structural biology guides the medicinal
chemists/ organic chemists designing possible inhibitors.
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X-ray crystal structure of KIT (kinase domain) 
complex with sunitinib (3G0E.pdb 2009)
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Binding of masitinib (A; green) and imatinib (B; orange) to the KIT kinase domain. 
C809 and F811, which form a hydrophobic groove for the thiazole and pyrimidine 
ring, respectively, are shown as space-filling structures. Dubreuil et al. (2009)

Knowing how inhibitors such as imatinib bind to the KIT protein,
we can try to design better drugs (rational design strategy).

Still, it may be better just to screen very large libraries, hoping to
“get lucky” … because some interactions are difficult to predict.



Bain et al., The selectivity of protein kinase inhibitors: a further update, Biochem. J. (2007)

The biochemical/ molecular approach: quantitative testing 
of inhibitors against purified tyrosine kinases.

26



27



TKI selectivity charts

(Graphic representations of the data shown in the previous table)

Avapritinib
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