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Identifying heterogeneously expressed FOXO targets
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Stochastic profling of single-cell heterogeneities in matrix-attached cells
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Dichotomous nucleocytoplasmic localization of FOXO-family members
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The FOXO regulatory network
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Stochastic profiling identifies two groups of FOXO-regulated genes

Wang et al., Proc Natl Acad Sci 108:E803-12 (2011)
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10-cell stochastic samplings
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Delayed growth arrest and altered acinar morphology in
Runx1 knockdown structures
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Scale bar:  25 Mm
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shRunx1 phenotypes are blocked by homogenization of FOXO signaling

MCF10-5E, day 14
Scale bar:  25 Mm
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Identifying heterogeneously regulated expression programs among ECM-attached cells

Akt inactive
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e.g., GAPDH

Microdissection AmplificationSectioning

Janes et al., Nat Methods  7:311-7 (2010)
Wang et al., Proc Natl Acad Sci 108:E803-12 (2011)



JUND
ALDH3B1
OAF
CHCHD1
RPS6
MUS81
JUND
MARCKS
NME2
ATP5E
HSPE1
EIF3M
KRT5
ATP5H
API5
C10orf116
ILF2
TCEB2
COX8A
S100A6
RNH1
RPS29
CDKN1A
FAM89B
RPL38
RPS21
C11orf10
RPL13
EEF2
RPS27L
TBCA
MRPL33
NOP10
SEC61G
NDUFA1
SLIRP
C17orf79
TGFBR3
FAM72D
FOXQ1
FAM108B1
PDE6A
CCDC19
CAMKV
MID2
PREX1
KIFC3
SPAG8
GTF2A1L
HOXC6
SMPD3
DIO2
TGFBI
CPPED1
SLC26A1
AOC3
CLIC2
PPY
OR51B5
MINK1
C7orf68
C1orf120
IRS4
NOX3
GABPB2
TRIM31
TIMM13
FUT5
OTUB1
OR5AR1
KDM5E
DLX3
NME2
KRTAP12-2
KALRN
NR4A3
NGF
CAMP
TCEAL6
AGL
ZBTB37
FOXP1
HILS1
GDF11
ZNF785
TULP1
FLJ44313
C21orf88
PDK4
LRBA
KCTD18
NUDT21

–2.5 0 2.5

TGFBR3

MCF10A-5E d10
Scale bar:  20 μm

10-cell samplings of matrix-attached cells

Standard deviations from geometric mean

TGFBR cluster

JUND cluster

A pair of anticorrelated expression programs identified by stochastic profiling

~75% JUND positive

~30% TGFBR3 positive



3.5

0.5TG
FB

R
3 

ex
pr

es
si

on

1412108642
Day of morphogenesis

35

0

P
er

ce
nt

 b
ra

nc
he

d

Con
tro

l
sh

TGFBR3
Tgfb

r3

ad
db

ac
k

E-cadherin
DRAQ5

Control shTGFBR3 Tgfbr3 addback

1 0.3 5.6

Tgfbr3

BA

D

C

Con
tro

l

sh
TGFBR3

Tgfb
r3 

ad
db

ac
k

HSP90

TGFBR3/
Tgfbr3

TGFBR3 expression represses branch-like structures during morphogenesis

MCF10A-5E d10
Scale bar:  20 μm



60

0

Pe
rc

en
t c

rib
ifo

rm

Control junDE-cadherin HADRAQ5

Control junD-HA

Con
tro

l

jun
D-H

A

junD

tubulin

n.s.*

A B C

60

0

Pe
rc

en
t c

rib
ifo

rm

Control sh junD junD
addback

junD

tubulin

n.s.*

1 2.5

1 0.17 1.2

Con
tro

l

sh
 ju

nD
jun

D ad
db

ac
kD E

Constitutive JUND expression causes stable cribiform-like structures during morphogenesis



An interlinked TGFBR3–JUND regulatory circuit in morphogenesis
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