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Sources of noise in eukaryotic cells
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Consequences of noise in euRaryotic cells
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Consequences of noise in response to a
~cellular signal
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PC12 cells can undergo neuronal differentiation,
or remain v a pmufamtwe, stem—uha state
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NGF triggcrs terminal
differentiation in most cells
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Main assay - pERK, PAKT,
BrduU § Neun’ce Ln smgLe cells
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PERK signal strength is a poor
prcdwtor of dtﬁcrewttauow
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2D map of PERK-PAKT signal ts an
excellent predi Letor of cell fate
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Boundary is sharp, and independent of
upstream signals
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Take-home L.
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Poputatiow shows marked cell-to-cell
heterogeneity in pAKT and pERJé respowse
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Proliferation and differentiation are
mutually exclusive
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Take-home IL.
btfferewt Lnputs move quwsocwt cells onto
distinct regions of the 2D map
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SIRNA screen can probe the uwdcrtgd ng cireutt
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How early are cell fate decisions predictable

from the pAKT/PERK map?
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. pPRK levels at 24 hours predict
a ~ cell fate at 4gh

. . ' > < M gyt i '. .. ‘Mﬁ- W”"‘QMN‘N"FMW‘-M

W

F Points: for each of the 54 hits: median absolute
deviation from the control median

EGR1
ERK24h
AKT24h |

ERKS’
| ERK1h

20 < 20

z > =-0.07 >
O a 10 0 10

ERK5’ 5 £ £
; 0 0

ERK1h lo2 8 =§ :%
EGR1 10 % 3-40 3-10
ERK24h ‘3-2 g S0 L Trka €20

AKT24h g 053 o 2z 4% 5

%S e 5 pERK 5' (robust Z)

bERK at 5’ has \
no predictive
power

Short-term signals may be altered without changing cell
fate, as long as long-term effects remain unchanged.



PERK and pAKT are positively
corvelated at 24 hours
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 SIRNA pcrturbatwws rarely shift the NGF-
- trcated population far from the bouvwlarg
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SIRNAs have two distinct effects on the 2D
map / oeLL poputatww rctatwwsmp
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Rel. movement of population
orthogonal to the boundary (Log2)
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- Downstream - cgbliwbi/bs Rinockdown
s mduocd a strong shift in cell fate bouvwlarg
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PAKT upregulates, peERK downregulates
cyelinpi protein Level
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PAKT and pERK affect Cy elinp1
protaw sta bl«LLtg
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Population Boundary
shift shift
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Rasaz blocks the activity of Ras
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rRasaz2 membrane localization and RasGAP
aatbwtg requwcs active Plslé
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PP3 binding ts critical for Rasq AP
activity of Rasaz
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AlL together (Take-home V. )
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whew does Rasaz regulate
ceLL fate?
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NGF induces two waves of RAS actbwtg
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~ Second wave: NGF induces expression of
i mcptor, TrRA, via laperK
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D 4~ PERK-pAKT
| response map
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Rasa2 helps expand the number
of cells during dtfﬁrtutu:t&ow
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Conelustons and discussion
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Boundary independent of
activating signal
Population Boundary
shift shift
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Conclusions and discussion
Bet hedging upon NGF stbmutatww
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relies on Rasaz feedback to
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Strengths
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Strengths:

* Conceptual backbone -> tnsight tnto how the
stgnaling Ls structured

* Very clear logiie, beautiful flow
* 2 hits Lin 1308 SLRNA screen with Large

conststent effect -> both tied to PERK/PAKT
system with direct Lnteractions



Strengths and weaknesses (cont.)
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weakwnesses:

* Expertmental? (still not quite qualified to
really Rnow...)
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Outlook: AKT and ERK in endothelial biology
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|Ren, B. et al. ERK1/2-Akt1 crosstalk |

| regulates arteriogenesis in mice

and zebrafish. J Clin Invest 120,
1217-1228 (2010).

Hayashi, H. & Kume, T. Foxc transcription factors
| directly regulate DIl4 and Hey2 expression by
interacting with the VEGF-Notch signaling pathways
in endothelial cells. PLoS ONE 3, e2401 (2008).




Food for thought
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What does this

2D map look like in
ECs?

Path to differentiation

How does the
boundary depend on
context?

PAKT

input to EC
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