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CDK4/6 inhibition stabilizes disease in patients with p16-null lung cancer 
and is synergistic with mTOR inhibition.  P Gopalan, A Gordillo-Villegas, 
M Pinder-Schenck, A Chiappori,  W Hou, M Zajac-Kaye, A Ivey, F Kaye.  ms under peer review

cAMP/CREB-regulated LINC00473: potential biomarker and therapeutic 
target for LKB1-inactivated cancer.  
Z Chen, J Li, S Lin, C Cao, N Gimbrone, R Yang, A Fu, M Carper, E Haura, M Schabath, J Lu, 
A Amelio, D Cress, F Kaye, L Wu.    Revised manuscript under peer review

Role of LKB1-CRTC1 on glycosylated COX-2 and response to 
COX-2 inhibition in lung cancer
C Cao, M Zhang, A Amelio, M Fallahi, Z Chen, Y Gu, C Hu, E Welsh, B Engel, E Haura, 
D Cress, L Wu, M Zajac-Kaye, FJ Kaye.  JNCI, 107(1):358. doi: 10.1093/jnci/dju358. Jan 2015

A sensitive NanoString-based assay to score STK11 (LKB1) pathway 
disruption in lung adenocarcinoma. 
D Cress, L Chen, B Engel, E Welsh, S Yoder, S Brantley, D Chen, C Cao, A Beg, F Kaye, 
E Haura, M Schabath.  J Thoracic Oncol, in press February 2016
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Defining the FOXO/CRTC1 signaling pathway 
in anabolic metabolism, cancer, and aging



Lifespan is related to health span and this relationship has an 
important biological message

Several lines of data show that the genetic contribution to human 
lifespan is most noticeable at the highest median lifespan ages 



Age related disability 
And morbidity occurs in 
the last 20% of the lives 
of control subjects 

But is compressed to last
5% of supercentenarians

GWAS analysis suggests 
SNPs at APOE and 
FOXO1/3 genes

New England Centenarian
studyof persons aged 100 
and over in Boston area





December 1993

Daf-2 is an 
insulin/insulin 
growth factor 
receptor

Daf-16 is the 
single 
C. elegans
FOXO gene
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mapping a t(11;19) breakpoint in a
35 yo pt with adeno-squamous lung cancer

Study of young patients with lung cancer



Cloning the t(11;19) breakpoint
11q21 breakpoint
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Crtc1: aka Mect1/Torc1
unknown function

Maml2: homolog for an 
essential NOTCH 
co-activator

Crtc1-Maml2 detected 
In primary tumors 
and cell lines



CRTCs are essential CREB co-activator for 
gluconeogenesis program

CRTC phosphorylation regulated by calcium flux 
and signaling through AMPK/SIK kinases



Cell Metab. 2008 May;7(5):357‐8

• Crtc2  integrates signals to   
regulate anabolic metabolism 

• Crtc1: bona fide cancer gene
when activated by t(11;19) 

• Crtc1  may participate in 
tumorigenesis when aberrantly 
activated by loss of LKB1 

LKB1

• LKB1/AMPK signaling inhibit
Crtc2 transcriptional activity 



AMPK pathway senses ATP depletion



AMPK pathway senses ATP depletion





Nature. 2008 Oct 23;455(7216):1069-75

Gene targets for mutations 
in sporadic lung adenocarcinoma



Nature. 2008 Oct 23;455(7216):1069-75

STK11/LKB1 target for mutations 
in sporadic lung cancer

LKB1



FOXO signaling pathway in aging and cancer



LKB1 links the
AMPK pathway
to cancer

Crtc

LKB1 Metformin

AMPK/SIK

P

• glucose/fatty acid metabolism
• aging
• cancer
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