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Diffuse intrinsic pontine glioma, DIPG, is a brain tumour found in the pons within the brainstem. The
pons is responsible for a number of important bodily functions such as breathing or sleeping and the
pressure from the growing tumour often leads to fatal consequences. Such diffuse brain stem
tumours grow amidst the nerves and have a tendency to mix with healthy cells, making surgical
resection impossible. DIPG is a rare but aggressive cancer and mostly affects children between 5 to
10 years of age with an extremely poor prognosis. In fact, the median overall survival for DIPG
patients is less than 1 year from diagnosis1.

Pediatric cancers: mean 5 year survival rates

ALK2 (ACVR1) is a protein involved in the bone morphogenic protein pathway, responsible for the development and repair of the skeletal system and
recurring mutations of this protein have been found in 21% of DIPG samples, making ALK2 an attractive target for therapeutic intervention in this
otherwise incurable disease2.

Notably, in DIPG, the R206H mutation of ALK2 is
identical to the one found in the germline of
patients with the developmental disorder
fibrodysplasia ossificans progressiva (FOP)3,4, a
disease which causes fibrous tissue (such as
muscle and ligament) to be
ossified spontaneously.

Compound M4K1055 M4K2009 M4K2117 M4K2234 M4K2236 M4K2163
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Potency & 
selectivity

ALK2 IC50 (nM) 115 13 7 6 3 19

ALK5 IC50 (nM) >2000 1830 5000 2250 1050 2206

ALK2 cell (NanoBRET) 
IC50 (nM) 250 49 29 52 93 100

DIPG-21 cell EC50 (nM) >5000 32 28 35 31 214

Kinase selectivity 11 / 374 6 / 374 5 / 374 3 / 374 7 / 374 5 / 374

In vitro ADME

MLM/HLM T1/2 (min) >60 / >60 >60 / >60 56 / >60 >60 / >60 55 / >60 58 / >60

Caco-2 A>B / efflux >3 / <2.5 7.0 / 1.3 9.7 / 1.1 6.0 / 2.65 6.0 / 2.95 2.0 / 2.70

CYP IC50 (µM) >10 >10 >10 >10 >10 -

hERG IC50 (µM) - 8.3 5.0 >30 >30 2.5 

PPB (% free) - 4.8 5.0 11.6 8.4 -

In vivo ADME
(mice)

(i.v. 2 mg/kg)/ 
(p.o. 10 mg/kg)

Cmax (nM) - 6000 5000 3000 4000 3185

Cl (mL/min/kg) 11 13a 9 31 37 17

T1/2 (hr) 4 2 4 1.3 1.2 2.3

Vss (L/kg) - 2a 2 3 3 3

%F 75% 100% 71% 71% 63% 95%

Cbrain:Cplasma 1.0 0.3-0.9 0.8 0.3 0.2 1.4
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CONCLUSIONS

2 LEAD OPTIMIZATION
Chemistry

• The initial hit M4K1055 was discovered
from the screening of a Charles River
SoftFocus® Compound Library

• Chemistry efforts have been focussed on
achieving good ALK2 potency and
selectivity over other ALK isoforms while
maintaining good oral bioavailability and
good brain penetration

• A Caco-2 permeability assay has been
used to characterise compounds and select
those with potential for good brain
penetration,

• Current lead M4K2009 crystal structure
resolved at the SGC, Oxford at a resolution
of 1.4 Å
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• As the R206H mutation is common between FOP and DIPG3,
M4K2009 has been evaluated in a model for FOP to confirm
target engagement

• In a study carried out at the University of Pennsylvania5,
ACVR1R206H/+ mice carrying hind limb muscle injury induced by
cardiotoxin (CTX), treated orally with M4K2009 once daily for
14 days were protected from heterotopic ossification (HO),
confirming target engagement
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OPEN SCIENCE
• M4K Pharma is a non for profit organization committed to an open science approach. The

scientific knowledge and data generated are readily shared in the public domain without
filing patents. All the information and meetings are regularly uploaded on the M4K website7

and related social media, and external contributions are welcome
• This business model allows faster medical discoveries by encouraging collaboration

between different research groups to advance new cures for childhood diseases not well-
served at the moment

• Charles River started this collaboration with M4K in late 2017, and contributes, on an
voluntary basis, with the drug discovery consultancy and medicinal chemistry services,
including design, synthesis, analytics and CADD, within lead and back-up series, as part of
the company’s Corporate Social Responsibility Scheme

• M4K2009 provided significant progress over the original lead. It is potent, selective and has good ADME properties.
Moreover, it is orally bioavailable, shows good linearity in dose escalation studies and is well tolerated in vivo

• Later compounds within the main series show an increased potency and selectivity while possessing further
improvements to brain penetration. A more predictive MDCK-MDR1 assay is currently in development to aid selection
of future compounds

• Prevention of HO in mutant mice in the in vivo model for FOP confirmed target engagement of M4K2009 with ALK2
and the compound is progressing to efficacy evaluation in a mouse orthotopic DIPG model6

• Follow up compounds are also being progressed through the screening cascade. A structurally distinct series is also
being developed as a back up


