
Integrative Nuclear FGFR1 Signaling (INFS) 
Overview

• FGF-2 and FGFR1 as nuclear proteins

• Integrative Nuclear FGFR1 Signaling (INFS) in cell development

• Targeting nuclear FGFR1 signaling to control neuronogenesis.

• Reconstitution of INFS in Cancer cells 

• Nuclear FGFR1 as an essential gene activator

• INFS genome programing
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BMP7 directs postmitotic development of sympathetic neurons and activates INFS

Neurite outgrowth

Upregulation of FGF-2 

Nuclear accumulation of FGFR1
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Nuclear FGFR1 mediates neuronal differentiation of 

Multipotent Human 

Brain Neural Progenitor Cells 





Engineering constitutive active and dominant negative nFGFR1

Nuclear only – dominant negativeFGFR1(SP-/NLS)(TK-)

Hu Peng et al, 2001; Jason Myers et al., 2003
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cAMP-induced neuronal differentiation is blocked  by dominant  

negative nuclear FGFR1

Nuclear accumulation  of FGFR1 is sufficient to

induce neuronal differentiation 
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Nuclear FGFR1 mediates neuronal differentiation of 

Multipotent Human 

Brain Neural Progenitor Cells 

E.K. Stachowiak, X. Fang, J. Myers, S. Dunham, M.K Stachowiak.  (2003). J. Neurochem. 84, 1296-1312.
Fang X, Stachowiak EK, Dubham-Ems S, Klejbor I, Stachowiak MK (2005) J. Biol. Chem. – 280(31):28451-62
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Y-W.Lee, E. K. Stachowiak, B. Birkaya, C. Terranova, M. Capacchietti,P. Claus, J. M. Aletta, M.K. StachowiakPLOS ONE, in press (2013).
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Nuclear FGFR1 mediates neuronal differentiation 

of Tumor cells



TH- TH+

FGFR1cyt                        FGFR1nuc

Strategy:

Blocking FGFR1 signaling with dominant negative FGFR1(TK-) during neuronal differentiation.

Role of INFS in early postmitotic neuronal  development in vivo – transgenic mice

Proliferating Neural Stem Cells (SVZ):           Differentiating DA neurons (SN):

SN
SVZ



Expression of FGFR1(TK-) in Substantia Nigra of transgenic mice



th-fgfr1(tk-) mice have hypoplastic DA neurons but increased DA release I striatum

Ctrl                   th-tk-

Subst. Nigra (TH Ab)

(A9
)

(A10)



th-fgfr1(tk-) mice have reduced Pre-Pulse Inhibition (PPI)



INFS mutation

Hypoplastic Dopamine Neurons

Normal SZ

Normal SZ

Normal SZ

Normal SZ

Disrupted cortical layers, Immature 
neurons

Overgrown Serotonin Neurons

INFS

Impaired Social Interactions 

Impaired Sensory Processing

Impaired Learning

Dominant Negative FGFR1(TK-) impairs brain development and models schizophrenia  

Dopamine neurons

Serotonin neuronsGkutamate & GABA neurons
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Transient Activation of INFS in Developing Brain 



ORMOSIL/DNA

SVZ

Role of FGFR1 in neuronal development in vivo 

via direct gene transfer into the brain.

E.K. Stachowiak, I. Roy, Yu-Wei Lee, M. Capacchietti, J.M. 
Aletta, P.N. Prasad, and M.K. Stachowiak.: Integrative BioloD. 

Bharali,  I. Klejbor, E.K. Stachowiak, I. Roy, P.N. Prasad, and 
M.K. Stachowiak.: PNAS 2005.
gy, 2009, 1, 394 – 403. 



In vivo Imaging of EGFP Expression

Movie of the insertion 
and dynamic imaging 
using Cell-vizio

(A & B) Immunostaining of lateral ventricle 

(C & D) In vivo imaging of EGFP fluorescence in cells in 

the lateral  ventricle.

(www.discovtech.com)

WNYSTEM-
Stem Cell Engraftment
& In Vivo Analysis Facility



Targeting INFS mechanism in brain stem cells by nanoplex-mediated 

gene transfers

}



A – no DNA

B  - EGFP

C – FGFR1(SP-/NLS)/EGFP

D – HMW FGF2/EGFP

Targeting INFS in brain stem cells by nanoplex-DNA -
migration of transfected cells from SVZ  into the brain 

D. Bharali,  I. Klejbor, E.K. Stachowiak, I. Roy, P.N. Prasad, and M.K. Stachowiak.: PNAS 2005.; 
E .K. Stachowiak, I. Roy, Yu-Wei Lee, M. Capacchietti, J.M. Aletta, P.N. Prasad, and M.K. Stachowiak.: Integrative Biology, 2009, 1, 394 – 403. 
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Nuclear FGFR1 transfection:
Migration of cells from SVZ

E .K. Stachowiak et al, Integrative Biology, 2009 

A – no DNA

B  - EGFP

C – FGFR1(SP-/NLS)/EGFP

D – HMW FGF2/EGFP
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Differentiation of newly generated SVZ cells into 

neurofilament L (NfL) expressing neurons.   

Control

FGF-2-HMW

FGF-2-HMW

EGFP BrdU NfL Merged       



Can neurogenesis be reinstated 

in the adult brain by 

pharmacological reactivation of 

INFS?



Developmental α7 Nicotinic Receptors are preserved 

in Adult Brain

α7 

Small Molecules for INFS activation



α7 Nicotinic Agonist (TC7020: Targacept Inc) activates

INFS  and neurogenesis

Human Neural Progenitors
- Cell culture

Narla S. , Klejbor, I., Birkaya, B., Lee Y-W., Morys J., Stachowiak,E.K., Prokop,D., Bencherif,M., and Stachowiak, M.K.   Activation of Developmental Nuclear FGFR1 Signaling and Neurogenesis in Adult Brain by α7 
Nicotinic Receptor agonist. Stem Cells –Translational Medicine, in press (2013)



nuclear FGFR1 accumulation in βIII-Tubulin+ 

young neurons of developing brain

Narla S. , Klejbor, I., Birkaya, B., Lee Y-W., Morys J., Stachowiak,E.K., Prokop,D., Bencherif,M., and Stachowiak, M.K.   Activation of Developmental Nuclear FGFR1 Signaling and Neurogenesis in Adult Brain by α7 
Nicotinic Receptor agonist. Stem Cells –Translational Medicine, in press (2013)



α7 Nicotinic Agonist reactivation of 

Neuronogenesis in adult mouse brain

TC-7020

Day -5 Day 0 Day 14

BrdU

• BrdU positive cells in non-
neurogenic regions of the 
brain

• Colocalization with neuronal 
markers

4 Month old Male Mice



TC7020 Promotes Neuronal Differentiation of BrdU pre-
labeled cells in brain cortex

Days:    0        5                                             18

BrdU α7AchNR                  perfus.

(4.3-fold increase of new neurons)

(4.3-fold increase of new neurons)



α7 Nicotinic Agonist (TC7020) activation of 

Hippocampal neuronogenesis



α7 Nicotinic Agonist (TC7020) preserves 

motor coordination after Ischemic injury

Pia Vessel Destruction
(PVD)

PVD



(12-fold increase of new Nurr1 neurons)

α7 Nicotinic Agonist (TC7020) activation of 

neuronogenesis in S. Nigra

Days:    0        5                                                       18

BrdU α7AchNR                  perfus.



INFS mutation

Hypoplastic Dopamine Neurons

Normal SZ

Normal SZ

Normal SZ

Normal SZ

Disrupted cortical layers, Immature 
neurons

Overgrown Serotonin Neurons

INFS

Schizophrenia-like symptomes reversed by TC7020  in transgenic mouse 

Impaired Social Interactions 

Impaired Sensory Processing

Impaired Learning



In vivo DA release in striatum microdialysis experiment.



TC-7020 normalizes Dopamine release in the striatum during 
acoustic PPI test th-fgfr1(tk-) mice
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Overview

α7 NNR  agonist

Gene transfection or 



Rat pheochromocytoma (PC12)

Restoration 
of INFS 

differentiates 
cancer cells

(INFS+ cells)

(INFS+ cells)

Y-W.Lee, E. K. Stachowiak, B. Birkaya, C. Terranova, M. Capacchietti,P. Claus, J. M. Aletta, M.K. StachowiakPLOS ONE, in press (2013).

Fang X, Stachowiak EK, Dubham-Ems S, Klejbor I, Stachowiak MK (2005) J. Biol. Chem. – 280(31):28451-62

(INFS – cells)



“Therapeutic”
Targeting of 

INFS

Rat pheochromocytoma (PC12)

(INFS+ cells)

differentiates cancer cells

New neurons in adult brain

PNAS US A. 2005 02(32):11539-44; Integrative Biology, 2009, 1, 394 – 403.
Stem cells translational medicine 2013, 2:776-788.

Mol. Biol. Cell, 2009,  20, 2401 – 2412. 

J. Biol. Chem. – 280(31):28451-62.

PloS one. 2013,  8:e68931



The End


