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Cell signaling is complex, and challenging
to apply toward a desired goal
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Receptors enable information transmission
across the plasma membrane



TAM receptors: important
vet poorly characterized
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TAM receptors: important
vet poorly characterized

PtdSer-presenting

membrane
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Targeting AXL potently
DIOCKS metastasis
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TAM receptors have widespread
roles In Immune regulation
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TAM receptors inhibit NK
cell clearance
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Many viruses “play dead” for cell entry and immune suppression
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How do TAMs function?



Conundrum: AXL does not robustly
respond to ligand stimulation

257 —— 900 ng/mL AF154
—— 100 ng/mL Gasb
20- <[
]
2 15-
>_
Q.
S 10-
O
5_
0 ——————
0 5 10
Time (min)

MDA-MB-231 Meyer et al, Cell Sys, 2015



Attributes of a good sensor

Input Output



Attributes of a good sensor




Attributes of a good sensor

Large dynamic range

1 2 3 4 0 1 2 3 4
Input Output
Not:
0 1 2 3 4




Attributes of a good sensor

Large dynamic range

Rapid response

1 2 3 4 0 1 2 3 4
Input Output
Not: Not
0 1 2 3 4 0 1 2 3 4



Attributes of a good sensor

Large dynamic range
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Many RTKs can be considered as
‘ligand concentration sensors”
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100 ng/mL EGF/IGF1, 50 ng/mL HGF, hMLE-Twist1 Kim, Meyer, et al, Mol Cell Proteomics, 2011



AXL responses to Gasb stimulation
are complex and dynamic
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PtdSer interaction is required
for sustained AXL activation

5 1-757 Srull length G 6
%1.50- ,/ ull length Gas
£ 1254 7
= 1.004 K
?Il 0.75-
S 0.50-
Q 0.95 1 hr
04 1.25 nM AGla Gas6 < “lanr
5 10 < 0.00 A I i i i i
0 0 025 1 4 16 64

Time (min) Exogenous AGla Gas6 (nM)

A549 Meyer et al, Cell Sys, 2015



TAM ligands act as a
receptor-PtdSer bridge

High affinity Ig1
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Phosphatidylserine

y-Carboxylated Gla domain

SHBD domain:
necessary & sufficient

for receptor binding

Meyer et al, Cell Sys, 2015

TAM ligands act as a
receptor-PtdSer bridge

High affinity Ig1

Low affinity 1g2




Differential equations allow us to
map our knowledge to Kinetics
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TAM kinetic model enables mechanistic
iInterpretation of kinetic response measurements
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TAM kinetic model enables mechanistic
iInterpretation of kinetic response measurements

Gas6: Cell surface autocrine Gasé6
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PtdSer exposure Is a
spatially localized process

O um
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Ruggiero et al, 2012



A spatial model can test
effect of ligand presentation

Gasb6 Profile
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A spatial model can test
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Gas6 Concentration [nM]

L ocal stimulation results In
greater overall AXL signaling
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Gas6 Concentration [nM]
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Gas6 Concentration [nM]

L ocal stimulation results In
greater overall AXL signaling
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Relocalization of AXL
oromotes autocrine activation
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Warfarin

a-AXL
BT-549 Meyer et al, Cell Sys, 2015



Relocalization of AXL
oromotes autocrine activation

©
@
(4v)
= P AXL
[ =
-

%

©

(V)]

(4v)

S
= 8 Q 4
£ %, %
& N
=

a-AXL

BT-549 Meyer et al, Cell Sys, 2015



Relocalization of AXL
oromotes autocrine activation
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Biphasic response to PtdSer emphasizes
the iImportance of localization

Partition coefficient = 5

Receptor rich fraction (x)

AXL pY ~ Receptor density

A549 Meyer et al, Cell Sys, 2015
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Biphasic response to PtdSer emphasizes
the iImportance of localization
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TAM receptor spatial sensing arises
from ligand binding asymmetry
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Expanding to all three TAMRS:
combinatorial complexity makes
modeling essential
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Expanding to all three TAMRS:
combinatorial complexity makes
modeling essential

AXL expression
A MerTK expression

Tyro3 expression
,AA\XL expression

Gasb expression
Gasb expression

< > Protein S expression

PtdSer abundance

PtdSer abundance
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Measuring 1AM
binding kinetics



TAM receptor-ligand affinities
have been measured before

Demarest et al., 2013



Separating the TAM Ig affinities
reveals diverse binding models
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Richards & Meyer, In prep.



Individual Tyro3 affinities are consistent
with overall receptor binding
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Richards & Meyer, In prep.



Model for all three receptors anad
one ligand
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Model for receptor decoy fragments provides
specific predictions for inhibition specificity
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Target binding site influences the
effect of competitive ligand inhibitors
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TAM |g fragments can be used as a tool for
probing the in vivo environment
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Future plan: Use combinations of targeted
TAM therapies to deconvolve their in vivo role
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Future plan: Use combinations of targeted
TAM therapies to deconvolve their in vivo role
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Conclusions

* Each TAM shows striking diversity in its |g domain
affinities

* |g-specific targeting can decouple ligand binding
and activation

* Enormous complexity can underlie activation of
even Just a single, small receptor-ligand family



Systems approaches for rationally
designing innate iImmune therapies




Systems approaches for rationally
designing innate iImmune therapies

Q O Q Innate immune receptors share

molecular features

- Signaling effects poorly understood

- Simultaneous signaling & trafficking

- Activated through clustering rather
than strictly ligand interaction




Time to link theory with data-driven analysis
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What does AXL do in cancer cells?

Sets of resistance mechanisms car
uncover conserved molecular regulation

Original Tumor
EGFR

Survival

Manole, Richards, Meyer, Canc Res, 2016



What does AXL do in cancer cells?

Sets of resistance mechanisms car
uncover conserved molecular regulation

Original Tumor Compensatory Resistance
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Survival
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Manole, Richards, Meyer, Canc Res, 2016
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EGFR EGFR & transactivated AXL
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What does AXL do in cancer cells?

Basal signaling
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What does AXL do In cancer cells?

EGFR EGFR & transactivated AXL
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What does AXL do in cancer cells?
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Population average measurements do not
capture cell-cell variation in response
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A subpopulation of AXL+ cells

maintain bypass Erk/JNK activation
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A subpopulation of AXL+ cells

maintain bypass Erk/JNK activation
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A subpopulation of AXL+ cells
maintain bypass Erk/JNK activation
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* Bypass resistance involves a conserved set of molecular changes

* Recognizing this allows us to reason about cell-cell heterogeneity,
response to inhibitors, and RTK transactivation
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Far-future direction: A “bypass” receptor
view of cancer immune evasion
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Systems level measurement, modeling, and
manipulation are an essential part of bioengineering

PS-based materials development

Systems biology in/of physiological
extracellular environments
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phosphatdyserne Incorporating data-driven
modeling in design

Detecting and manipulating
PS and its interactions
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