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Test direct inhibitors of the active forms of KRAS in the clinic 

Clinical testing of compounds that prevent RAS binding to PI 3’ kinase a

Molecular description of RAS activation of Raf-1

Biochemical and biophysical analysis

In silico modeling, in collaboration with Dept of Defense/Lawrence Livermore National Lab, et al

Develop inhibitors of this process

Structural analysis of protein complexes to facilitate new approaches to drug discovery

Mechanisms of drug resistance

Develop drugs that inhibit NRAS, other GTPases

ID of RAS proteoforms in cancer cells

Determine how the NF1 protein neurofibromin is regulated

Goals
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Community Engagement



Distribution of RAS reagents

• Reagents widely distributed across the world
- Materials sent to 623 Universities and NPOs

- 43 states, 45 countries, 6 continents

• 13,127 plasmids & vectors distributed through Addgene
- More than 3,000 individual RAS and RAS pathway plasmids

- At least 1 request for each of the 180 genes

- 21 complete RAS pathway kits (360 plasmids each)

- 23 complete RAS mutant kits (61 plasmids each) 

• 1,503 cell lines distributed from FNLCR

• RAS-dependent MEFs licensed to 23 companies and 

distributed to 97 academic groups

• KRAS-FMe materials licensed to 7 companies



Analysis of RAS isoforms in cancer cells
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Caroline Dehart, FNL



Dana  Rabara, Andy Stephen, FNL

Biochemical and structural analysis of KRAS mutants 

[neurofibromin] uM
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Targeting KRAS directly, and through activation of RAF and PIK3CA
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RBD: RAS binding domain

CRD: Cysteine rich domain

The RAS-RAF interface
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Structure of the MRAS.SHOC2.PP1C complex
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Modeling RAS and RAF using machine learning
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Targeting KRAS G12C with direct, covalent inhibitors



Targeting the GTP-bound forms of KRAS G12C, G12D, 
G12V, et al

Anna Maciag and colleagues

H95



Targeting active, GTP-forms of KRAS G12C in vivo
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Rapid inhibition of KRASG12C  binding to RAF in cells

We expect to begin clinical testing later this year

First in class compound that directly targets the active, GTP-bound state of KRAS G12C

Drugs targeting active states of KRAS G12D and KRAS G12V to follow

(Sotorasib)

(Adagrasib)



RAS.GTP can exist in 2 states



The Role of RAS-PI 3’ kinase in cancer



Breaking the interaction between RAS and PIK3CA

We have developed a potent, orally available compound that binds to PIK3CA and prevents RAS activation



Breaker achieves pAKT inhibition in tumors      
without provoking hyperglycemia

0 4 8 1 2 1 6 2 0 2 4

1

1 0

1 0 0

1 0 0 0

1 0 0 0 0

Hours

n
g

/m
L

IV 3 mg/kg

PO 7 mg/kg

PO 30 mg/kg

PO 100 mg/kg

PO 300 mg/kg

Dose Ranging Mouse PK Dose Response PD1

Full target inhibition achieved at 100 mg/kg

1. One-way ANOVA with Dunnett’s test vs vehicle; *p<0.01, **p<0.0001
2. Top: One-way ANOVA with Dunnett's test vs vehicle, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001, Bottom: One-way ANOVA with Tukey's multiple comparisons test vs all other groups : *p<0.0001

Breaker MOA does not affect glucose 
metabolism2

-90 -60 -30 0 30 60 90 120

100

200

300

400

Time (min)

B
lo

o
d

 G
lu

c
o

s
e
 (

m
g

/d
L

)

*

****

* **
*** ***

**

0 min 240 min 0 min 240 min 0 min 240 min

0

10

20

30

40

50

In
s
u

li
n

 (
n

g
/m

l)

Vehicle Alpelisib BBO

One-way ANOVA with Tukey's multiple comparisons test vs all other groups : *p<0.0001

*

All dosed QD

Veh 30 100 300 50

0

20

40

60

80

100

120

140

160

0.001

0.01

0.1

1

10

100

BT474 CDX
(4 hours post BBO or alpelisib dose)

Dose (mg/kg)
[B

B
O

] o
r [a

lp
e
lis

ib
] (μ

M
)

% pAKT: BBO % pAKT: alpelisib PK

%
 p

A
K

T
 (

n
o

rm
a
li

z
e

d
 t

o
 v

e
h

)
**

*

**
**

FF adj IC50



Compounds that bind PIK3CA and prevent RAS binding;
Inhibition of signaling in tumor cells without provoking hyperglycemia



First in class direct KRAS G12 ON inhibitors

Point mutations that prevent drug binding

Activation of other RAS genes,  other proteins in the pathway

Differentiation state changes

Activation of YAP signaling

Others?

First in class RAS-PIK3CA Breakers

Point mutations that prevent drug binding

Loss of PTEN?

Activation of other PI kinases?

Alternative pathways??

Anticipating Drug Resistance in the clinic
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