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Canonical STAT3 signaling



Gough D et al. Science 324,1713 (2009)

Lee H et al Curr Top Microbiol Immunol.344: 4 (2011

Non Canonical STAT3 signaling



The deregulated STAT3 activation is common event in  human tumors

Johnston P.A. et al. Molecular Intervention  11, 18 (2011)



Overall incidence in USA ~5-6,000 cases a year
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(Modified from Armitage et al. JCO 2008)

Overall Survival of patients with common Overall Survival of patients with common 
Peripheral TPeripheral T--cell Lymphoma subtypescell Lymphoma subtypes



Anaplastic Large Cell Lymphoma

Rimokh R. et al. Br. J. Haematol 1989;71(1):31-6
Keneko Y. et al. Blood 1989;73(3):806-13
Le Beau M.M. et al. Leukemia 1989;3(12):866-70

The t(2;5)(p23;q35) translocation is associated 
with Ki-1 (CD30+) lymphoma

Fusion of a kinase gene, ALK, to a nuclear protein 
gene, NPM, in non-Hodgkin’s lymphoma

Morris S.W. et al. Science 1994;263(5151):1281-4



Chiarle et al., Nature Rev Cancer 2008



Translocation Frequency
(NHL)

Localization

t(2;5)( p23 ;q35 ) 70-80% Cytoplasmic/Nuclear
nucleolar

t(2;3)( p23 ;q21 ) 2-5% Cytoplasmic

t(1;2)( q25 ;p23 ) 10-20% Cytoplasmic

inv(2)( p23 ;q35 ) 2-5% Cytoplasmic

t(2;17)( p23 ;q23 ) 2-5% Cytoplasmic

t(2;19)( p23 ;q13,1 ) - Cytoplasmic

t(2;2)( p23 ;q11-13 )? - Nuclear

or inv(2)( p23 ;q11-13 )?    - membrane

t(X;2)( q11-12 ;p23 ) - Cell-Membrane

Translocations and fusion proteins 
involving the ALK gene in ALCL

EML4EML4Cytoplasmic2-6%
(NSCLC)

t(2;17)( p23 ;q25 )



Chromosomal translocations involving anaplastic lymphoma 
kinase gene in cancers



NPMNPM--ALK chimeric proteinALK chimeric protein
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Oncogenic signaling cascade activated by NPM-ALK

CD30

JunB

Shp2

Shp2

Morphology

Migration

Grb2CasC
as

Src

Serpin B4

C/EBPβ

Bcl2A1

?

ALK Inhibitors

BH3 
Inhibitors

AS
O

Rapamyci
n

Farnesyl 
Inhibitors

Farnesyl 
Inhibitors



Chiarle et al., 2008

?

STAT3 silencing induces STAT3 silencing induces 

cell cycle arrest and apoptosiscell cycle arrest and apoptosis

Piva et al. JC0, in press



ALK/STAT3 signature predicts ALK status ALK/STAT3 signature predicts ALK status 

in Tin T--NHL patientsNHL patients
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All genome seq
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Inducible/drug specific NPM-ALK KO in ALCL cells an d/or primary ALCL
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ALK expression signature is largely dependent ALK expression signature is largely dependent 

upon STAT3 activityupon STAT3 activity

337 
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CEP-11988 (A1) CEP-14083 (A2)
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The kinetics of STAT3-regulated genes

Platform: Illumina HumanHT-12 BeadChip (25,000 genes) 
Differential Score: p<0.001 
FC>2

DEG S3S +DOX

0

500

1000

1500

2000

72h 96h 120h 144h Total

D
E

G

DEG at least in one time-point 1730

Clustering

0

20

40

60

80

72h 96h 120h 144h Total

%
 O

ve
rla

p

Overlap with a previous STAT3 KD GEP experiment 
performed with 3 different shRNA at 84-96h

1

2

3

4

5

6

7

8

9

10

11

12



STAT3 CONSENSUS SITES
GENE POSITION SCORE CONSERVATION

TNFRSF8 -3219 10,18 Bt
-1257 10,28 Cf

-374 *
-20 12,96

19238 9,94 Bt

GAS1 -209 14,53
-6227 10,24

-9870 11,11

SCCA2 -1538 10,28
-2885 10,47

-2963 10,28
-3011 9,95

-4159 11,87
-6224 10,47

ICOS -2448 10,81 Bt

1815 10,47 Mm 
12765 10,24 Cf, Bt 

14486 10,58 Bt 

IL2RA -3771 11,11 Cf, Bt
472 11,87 Bt

3589 11,11 Mm, Cf, Bt 
11008 9,87 Cf, Bt 

23677 9,95 Bt
25962 11,87 Cf

28067 12,96 Cf, Bt 

HSD17B7 -6685 9,72 Cf 
-3473 10,91 Cf 

SGK 13146 10,18 Mm

39382 10,22 Mm, Bt 

RGS16 -6374 10,58 Mm, Cf, Bt
-4789 9,95 Bt

-2251 10,81 Cf, Bt
941 12,96 Bt

Identification and validation of STAT3 binding sites

Position Weight Matrix approach
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Piva R.



Mir17-92 overexpression rescues STAT3 KD of ALK+ ALCL cells 

TS-TTA qRT-PCR:   primer mir-

19a

TS-TTA qRT-PCR:   primer 

mir-92



Strategies and Challenges to Therapeutic 
Intervention into STAT3 Signaling

Johnston P.A. et al. Molecular Intervention  11, 18 (2011)



Drug discovery strategies

ALK+
Stat3-/-

Luc

pSTAT3

Selected libraries
Compounds already
In Clinics
Dr D. Frank
Dana Faber Institute

Mimicking peptides 

Large libraries
small molecules

Genomic libraries
shRNA
miRNA



How should we select the right models to test 
STAT3 inhibitors?

ALK + - + + +
STAT3 + +        - -
+
STAT5 - + - - -Cortese D.



PYRIMETHAMINE STAT3 INHIBITORS



STAT3 INHIBITORSLLL12





Where are we going with novel 
personalized cancer strategies?







CD30

ALK Perforin ALK Perforin

CD30

Primary ALCL-1 Tumorgraft ALCL-1-T3

ALCL primary and correspondent ALCL tumorgraft 
display identical immunoprofiles



Preclinial therapeutic strategies

Placebo

Doxocubicin
10mg/kg/SD/iv

CEP28122
100mg/kg bid/os

Doxocubicin
10mg/kg/SD/iv

+
CEP28122
100mg/kg bid/os

Treatment regiment
Fourth line 
resistant 
ALK+ ALCL 



CEP-28122 (100mg/kg)
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Anti-ALK CEP28122 cures ALK+ ALCL tumorgraft



CHOP ALCL-2 1th CHOP ALCL-2 2nd

CHOP ALCL-3 1th CHOP vs Imatinib ALCL-1
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