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Human cancers harbour huge numbers of mutations in diverse 
oncogenes and tumour suppressor genes

Human pancreatic adenocarcinoma
(PDAC)

Human lung adenocarcinoma
(LUAD)

So, are cancers 
irreducibly 
complex?

Although there are many 
differences between tumors.…. 
there are also many underlying 

commonalities



Hepatocellular (liver) 
carcinoma HCC

Invasive ductal 
breast carcinoma (IDC)

Glioblastoma (brain)
GBM

Colorectal
CRC

Tumor phenotypes: each cancer is different 
yet cancers of each type look like each other

Pancreatic adenocarcinoma
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Lung adenocarcinoma
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Myc inhibited by systemic induction of OmoMyc (DN Myc)

Myc is a common requirement for tumour 
maintenance in diverse cancers

Ras + Myc

Ras + Myc

Ras + Myc

Ras + Myc

Ras + Myc

How does Myc instruct and maintain so 
many, diverse tumour phenotypes?
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Cause and effect relationships in 
adenocarcinoma progression
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On its own, KRasG12D is a feeble oncogene
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Myc cooperates with KRas to induce 
rapid tumour progression
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The tumour/stromal 
phenotypes of solid cancers 
are principally determined 

by their cell/tissue of origin, 
not the oncogenes that 

drive them

Myc



Myc activation in lung adenoma epithelium 
induces immediate transition to adenocarcinoma

Myc immediately instructs the lung adenocarcinoma phenotype

“Type II”
Macrophages

BrdU
Vascular	

permeability	
(lectins)

Invasiveness

20
0 
μm

CD3 	
(T cells)

B220 	
(B cells)

NKp46	
(NK cells)

Rae1	
(NKG2DL)

MHC Class I

T 

Activators of
NK Cells

KRasG12D alone

Myc ON 2 days Myc ON 2 days

Roderik Kortlever

Myc-induced transition from dysplasia to  
adenocarcinoma is immediate

T
 

Myc ON 1 day

Vascular	
permeability

Hypoxia

Meca32 
VEGF:VEGFR2

Inflammation 40-Antibody arrays of 	
whole lungs with tumours.Inflammation 40-Antibody arrays of 	

whole lungs with tumours.

8 hour oil control 8 hour Myc ON

IL-23

CCL9

0

10

20

30

40

Myc 
OFF

ON 
1d

ON 
3d

ON 
7d

CD3 T cells

0

81.3

162.5

243.8

325

CD206 M2 mφ

Myc 
OFF

ON 
1d

ON 
3d

ON 
7d

Myc OFF

IL23-dependentCCL9-dependent

Dependent on both CCL9 and IL23

p < 0.0001

100	µm

200	µm

ns

p < 0.0001

Macrophage
Influx

(CD206)

100	µm

50	μm

ns

p = 0.0036

p = 0.0007

CD31
(inverse of angiogenesis)

T 

A 

A 

V 

V 

V 
TLS 

T 

T 

T 

>10 cells<10 cells

200	μm 200	μm

>10 cells:

ns
p < 0.0001

p < 0.0001

NK cell
Exclusion

(NKp46)

IgG 

αIL23p19 +
αCCL9

100 μm

50 μm

IgG 

200 μm200 μm

T 
T 

p = 0.0007

p = 0.0071

p = 0.0099

p = 0.0181

B cell
Exclusion

(B220)

TUNEL / Hoechst
p < 0.0001 p = 0.0106

p = 0.0023

Ig
G

 

αC
C

L9
 

αI
L2

3p
19

 

αI
L2

3p
19

 +
 α

C
C

L9

Apoptosis
(TUNEL)

αC
C

L9
 

αI
L2

3p
19

 

αI
L2

3p
19

 +
 α

C
C

L9Ig
G

 αIL23p19 +
αCCL9

IgG 

50	µm

100	µm

p = 0.0016

p = 0.0022

p = 0.0019

T cell
Exclusion

(CD3)

Ig
G

 

αC
C

L9
 

αI
L2

3p
19

 

αI
L2

3p
19

 +
 α

C
C

L9 αIL23p19 +
αCCL9

IgG 

Synthetic
vulnerability

LUAD induction by Myc requires specific signals
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PanIN

How does Myc drive PanIN to PDAC?

KRasG12D KRasG12D

*Myc*

PDAC

Myc activation in the epithelial compartment of KRasG12D-driven PanIN 
triggers immediate transition to adenocarcinoma

T cells 
CD3 

100 µm

B cells 
B220

Neutrophils 
Ly-6B

100 µm

100 µm

Macrophages 
CD206

100 µm

Macrophages 
F4/80

100 µm

0 dayMyc ON:

1D0D 3D

# 
N

eu
tr

op
hi

ls
/ 

 F
O

V

# 
B

22
0

/F
O

V

1D0D 3D

# 
C

D
3/

 
 F

O
V

1D0D 3D

1D0D 3D

C
D

20 6/
 

FO
V

1D0D 3D

# 
M

ac
ro

ph
ag

es
/ 

FO
V

 1day  3 days

Stellate cell 
activation 

αSMA

100 µm

Vasculature 
CD31

100 µm

100 µm

Gomori’s 
Trichrome 

Staining

0 day

Hypoxia 
HIF1α 

100 µm

Myc ON:  1day  3 days

%
 C

D
31

 
 p

er
 

tu
m

or
 

ar
ea

1D0D 3D

**

1D0D 3D

%
 H

if1
-

α 
 

po
si

tiv
e 

ce
lls

%
 α

-
SM

A 
 p

er
 

tu
m

or
 

ar
ea

1D0D 3D

%
 

C
ol

la
ge

n  p
er

 
tu

m
or

 
ar

ea

1D0D 3D

1 30

1 30

Ligand Receptor Target cell Impact

PDGF ➜ PDGFR Stellate cells

EGF ➜ EGFR Stellate cells

GAS6 ➜ AXL kinase Epithelial

CCL2 ➜ CCR2 “M2” Macrophages

CCL9 ➜ CCR1 “M2” Macrophages

CXCL5 ➜ CXCR2 Neutrophils

PD-L1 ➜ PD1 T cells ⬇

sTNFR1 TNF Monocytes? ⬇

IL1-Ra IL-1R Adaptive T&B ⬇

t 0 hr

Myc ON

t +6 hr

Identifying candidate PDAC drivers

Cytokine/chemokine array

Myc-induced tumour phenotypes are instructed by  
tissue-specific signals - organ-specific codes

Kortlever et al. Myc Cooperates with Ras by Programming Inflammation and Immune Suppression. Cell 2017;171(6):1301-15.e14

Sodir NM et al. Myc Instructs and Maintains Pancreatic Adenocarcinoma Phenotype. Cancer Discovery 2020;10(4):588-607
Kortlever et al. Myc Cooperates with Ras by Programming Inflammation and Immune Suppression. Cell 2017;171(6):1301-15.e14

Sodir NM et al. Myc Instructs and Maintains Pancreatic Adenocarcinoma Phenotype. Cancer Discovery 2020;10(4):588-607
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Ras

Myc

+
Resident tissue

“cancer”
program

Diverse upstream 
oncogenic

driver mutations

Ras and Myc in cooperation serve as a 
common combinatorial interface that engages 
resident tissue-specific ”cancer” programmes

Requires coordination 
and integration

of diverse genes in 
diverse cell types

So where do these elaborate, 
tissue-specific cancer 

programmes come from?

And why are they there?

CCl4 injury

Liver

The kinetics of liver injury

Ras activation

Damage Regeneration Resolution

Myc Proliferation

24 hr 48 hr



Liver rapidly repairs after hepatoxic injury
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Persistent Myc drives sustained liver regeneration
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Persistent Myc activity sustains the injury 
response, blocks exit of liver from its 

regenerating state and phenocopies HCC
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Most	cancer	“hallmarks”	are	features		
of	normal	tissue	regeneration
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Subsequent Myc de-activation triggers 
immediate injury resolution and regression of 

excess liver mass
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The hallmarks of liver 
injury resolution

Liver injury resolution Tumor regression

Down-regulation of Myc Enforced inhibition of Myc

Efflux of inflammatory monocytes and 
granulocytic cells

Efflux of inflammatory monocytes and 
granulocytic cells

Re-entry of innate and adaptive 
lymphocytes

Re-entry of innate and adaptive 
lymphocytes

Renormalization of tissue stroma Renormalization of tissue stroma

Renormalization of tissue vasculature Renormalization of tissue vasculature

Death and removal of excess cells Death and removal of excess cells

So what 
happens to a 

tumor when Myc 
is turned off?

Myc ON
4 weeks

De-activating Myc triggers profound tumour regression

Lung Pancreas
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Myc de-activation triggers immediate regression of Myc-
dependent lung tumours and stroma

Immediate induction of immune signaling components when 
Myc is turned OFF in lung adenocarcinomas
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Single cell transcriptional atlas of 
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IL-33/ST2 blockade inhibits Myc-OFF-
induced physical regression of lung tumours

Myc ON, 
then Myc OFF 7 days
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Myc driven PDACs, along with their attendant complex stroma,
 are rapidly and completely reversible
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MycERKrt19

Myc	ON			vs			Myc	OFF	6hDEG:

Searching for the PDAC regression signal

Csf2 Csf3Csf1

Becher	B.	et	al.	Immunity.	45(5):963-973.	2016.	

Myc	de-activation	drives	Csf2	expression	in	MycER+	epithelial	cells
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GM-CSF	blockade	impairs	apoptosis	during	pancreatic	tumour	regression
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GM-CSF	blockade	blocks	Myc	OFF-dependent	regression
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Recombinant	CSF2	imposes	regression	despite	sustained	Myc	activity
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Hallmarks	of	Resolution/Regression
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