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Figures	
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  of	
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  poster	
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•  Avoid	
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  cap%on	
  with	
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  figure	
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  or	
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  Methods	
  



Suppor%ng	
  Text	
  

•  Introduc%on	
  –	
  NO	
  abstract	
  
•  Goals/aims/objec%ves	
  

•  Methods	
  

•  Results	
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  Findings	
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  is	
  best,	
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  per	
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  jus%fy	
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  color	
  or	
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  emphasis	
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INTRODUCTION	
  
Epithelial	
  cells	
  are	
  highly	
  polarized	
  with	
  apical,	
  basal	
  and	
  lateral	
  membranes.	
  	
  
Tight	
   junc%ons	
   form	
   a	
   barrier	
   between	
   the	
   apical	
   and	
   basolateral	
   surface.	
  
Some	
  proteins	
  are	
  targeted	
  directly	
  to	
  one	
  plasma	
  membrane	
  surface,	
  while	
  
some	
   are	
   targeted	
   to	
   the	
   apical	
  membrane	
   following	
   transcytosis	
   from	
   the	
  
basolateral	
   surface.	
  We	
   s%ll	
   do	
   not	
   understand	
   the	
  molecular	
   mechanisms	
  
that	
  underlie	
  the	
  polarized	
  sor%ng	
  of	
  proteins	
  in	
  epithelial	
  cells.	
  



A5er	
  

apical 
vesicles 

BL 
vesicles 

transcytotic 
vesicles 

BASAL 

APICAL 

TJ 

•  Epithelial cells are polarized cells with apical, basal and lateral 
membranes. Tight junctions (TJ) form a barrier between the apical and 
basolateral surface. 

•  Some proteins are targeted directly to one plasma membrane surface, 
while others are targeted to the apical membrane following transcytosis 
from the basolateral (BL) surface. 

•  We still do not understand the molecular mechanisms that underlie the 
polarized sorting of proteins in epithelial cells. 



PP2A	
  regulates	
  CFTR	
  channel	
  ac%vity	
  

A.  Experimental 
design 

B. Single channel 
recordings 

C. Averaged data
N=6 

 



Before	
  

Conclusions	
  
	
  
We	
  used	
  affinity	
  purifica%on	
  to	
  iden%fy	
  proteins	
  that	
  associate	
  with	
  CFTR	
  and	
  
found	
   that	
   the	
   the	
  B’ε	
   subunit	
  of	
  PP2A	
  directly	
  associates	
  with	
   the	
  CFTR	
  C-­‐
terminus.	
   Using	
   western	
   blojng	
   and	
   in-­‐vitro	
   phosphoryla%on	
   assays,	
   we	
  
showed	
  that	
  PP2A	
  protein	
  and	
  ac%vity	
  co-­‐immunoprecipitate	
  with	
  CFTR	
  from	
  
airway	
  epithelial	
   cells.	
   The	
  PP2A	
  B’ε	
   is	
   the	
   subunit	
   responsible	
   for	
   targe%ng	
  
the	
   phosphatase	
   to	
   the	
   channel.	
   We	
   further	
   found	
   that	
   PP2A	
   nega%vely	
  
regulates	
   CFTR	
   channel	
   ac%vity	
   in	
   mouse	
   intes%nal	
   and	
   human	
   airway	
  
epithelial	
  cells.	
  Thus	
  we	
  conclude	
  that	
  inhibitors	
  of	
  PP2A	
  may	
  improve	
  clinical	
  
outcomes	
  in	
  cys%c	
  fibrosis.	
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Conclusions	
  

	
  

•  The	
   B’ε	
   subunit	
   of	
   PP2A	
   directly	
   associates	
  with	
   the	
   COOH-­‐
terminus	
  of	
  CFTR	
  

•  PP2A	
  protein	
  and	
  ac%vity	
  co-­‐immunoprecipitates	
  with	
  CFTR	
  in	
  
cultured	
  airway	
  epithelial	
  cells	
  

•  PP2A	
   nega%vely	
   regulates	
   CFTR	
   channel	
   ac%vity	
   in	
   mouse	
  
intes%nal	
  and	
  human	
  airway	
  epithelial	
  cells	
  

•  Inhibitors	
   of	
   PP2A	
   may	
   improve	
   clinical	
   outcomes	
   in	
   Cys%c	
  
Fibrosis	
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Ongoing Work 
•  Test RGD and scFV-chimeras for targeted 

fusion with cells 

•  Encapsulate and deliver cytotoxic drugs 

•  Encapsulate and deliver pro-apoptotic 
peptides 

•  Deliver DNA/RNA 

•  Begin testing in small animal models 

 
 
 
 
 
 

Methodology 

Targeting Human Disease with Virus Mimicry 
Nicholas Francella,1 Mathias Viard,1,3 Anu Puri,1 Robert Blumenthal,1 and Amy Jacobs1,2   

1Center for Cancer Research Nanobiology Program, National Cancer Institute at Frederick, National Institutes of Health, Frederick, MD  
2Department of Microbiology and Immunology, School of Medicine and Biomedical Sciences,  

State University of New York (SUNY) at Buffalo, Buffalo, NY 
3SAIC-Frederick, Inc., NCI-Frederick, Frederick, MD 

Abstract 
Viruses hijack human cells using a variety of sophisticated mechanisms that 
range from fusion with the cell membrane to regulation of protein expression 
and genetic modification. These natural principles are excellent models from 
which we can design targeted therapies to treat human disease.  

We are designing nanoparticles that are based upon virus entry 
mechanisms. One of our hypotheses is that the efficiency of nanoparticle 
payload delivery can be dramatically enhanced by the capacity for direct 
membrane fusion with the plasma membrane. We are utilizing viral 
membrane fusion proteins incorporated into liposomal nanoparticles to 
deliver payloads directly into the cytoplasm of targeted cells.  

Conclusions 
• FAST p14 remains fusogenic with the 
addition of targeting moieties to the C-
terminus of the protein. 

• FAST p14 does not interfere with targeting 
of liposomes to cells using a folate lipid 
targeting the folate receptor. 

• Targeted-FAST p14 liposomes show 
increased intracellular delivery. 

Results 

References 
1. Information on Clinical Trials. National Library of 

Medicine. www.clincaltrials.gov. 
 
2. Top, D, R de Antueno, J Salsman, J Corcoran, J 

Mader, D Hoskin, A Touhami, MH Jericho, R 
Duncan (2005). EMBO J. 24: 2980-2988. 

Collaborators 
Roy Duncan, Faculty of Medicine, Department of 
Microbiology and Immunology, Dalhousie University, 
Nova Scotia, Canada 

Jacek Capala, Radiation Oncology Branch, National 
Cancer Institute, Bethesda, MD 

Dimiter Dimitrov, Center for Cancer Research 
Nanobiology Program, NCI-Frederick, Frederick, MD 

Introduction 

The great promise of nanoparticle delivery is its ability to salvage drugs or 
other therapy modalities that have successfully made it far into preclinical or 
clinical trials, but that have failed near the end of the pipeline because of 
toxicity or deleterious immunological response.  
 
Liposomes present a promising biomaterial-based method of therapeutic 
delivery, constituting more than 250 NIH clinical trials.1 A primary issue that 
remains unresolved in liposomal delivery, and in nanoparticle delivery in 
general, is avoidance of the endocytic pathway, which often leads to 
uncontrolled release, sequestering, and/or degradation of cargo molecules in 
vesicles in the entry pathway.  
 
Our goal is to avoid the endocytic pathway by direct fusion with the plasma 
membrane. The fusogenic protein that we use is a fusion-associated small 
transmembrane (FAST) protein, p14, from a reptilian reovirus.2 FAST p14 is 
promising in engineering fusogenic liposomes because it is much smaller, at 
14 kD, and less complex than other fusogenic protein machinery, for 
instance, the HIV-entry machinery, which is a trimer of heterodimers at ~500 
kD. 

TARGETED FUSOGENIC 
PROTEOLIPOSOME 

Targeting Moieties: 
• scFv C10 (targets insulin-like growth factor 
receptor 1) 
• CDCRGDCFC peptide (targets αVβ3 
integrins) 

Lipids 

Cargo 

Fusion 
Protein 

FAST p14 – 
small viral 
fusion protein  

Targeting sequences added 
6x his tag 

scFv C10 

CDCRGDCFC 
peptide 
sequence 

Test for fusion in 
mammalian cells 

Expression, purification, and 
reconstitution 

Efficacy testing in cell culture 
and animal studies 

Fig. 4: Targeted FAST p14 liposomes promote increased intracellular delivery. 

Cell fluorescence increase caused by 
folate-targeted liposomal delivery was 
quantified, correcting for the background 
fluorescence at the non-fusogenic 
temperature of 4oC.  
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Fig. 1: FAST p14 chimeras containing C-terminal targeting 
peptides retain fusogenic activity. 
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Using a viral-based assay, the 
fusogenicity of p14-targeting 
chimeras was measured in 
mammalian cell culture. 

Fig. 3: FAST p14 liposomes promote fusion and 
intracellular delivery. 

The increased fluorescence in cells seen by the rightward  shift 
in fluorescence, indicates that calcein entrapped in the 
liposomes, self-quenching at higher concentrations, has been 
released into the cytoplasm.   

Treatment of cells to up-regulate the folate receptor resulted in 
a dramatic increase in liposome adherence to target cells. 

Fig. 2: FAST p14 liposomes can be targeted to 
specific cell receptors. 
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Future plan 
Pursue detailed studies of virus 
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•  Reprogrammed hybrids exhibit pluripotent like characteristics such as morphology, long 
term renewal ability, embryoid body formation, gene expression profile and chromatin 
protein hyperdynamic plasticity.  

•  Different ESC lines display characteristic higher-order chromatin structure. While it is true 
that no one singular epigentic modification invariantly translates to one single biological 
output, we have shown that pharmacologically elevated levels of H3K9ac significantly 
increase the overall reprogramming ability of the E14 ESC line as measured by the most 
stringent reprogramming criterion: chimera contribution.      

•   When iPS are fused again with somatic cells from which they themselves originated, they 
reprogram them, although the efficiencies of this reprogramming  merit further 
investigation.  

•  iPS differentiate into MSC’s but flow cytometry analysis indicates that there are significant 
differences in the cellular differentiation marker levels as compared to standard in vitro 
MSC’s.    

 
•  iPS are heterogeneous with respect to pluripotency. In attempts to “quantify”  such 

stemness differences we will investigate iPS chromatin epigenetic remodeling. 

•  The in vivo  aspect of our work, will focus on examining the functional potential of iPS 
derived differentiated cells.  

•  Present iPS generating methods are such that these “golden cells” are still disqualified for 
translational use due to their increased oncogenic potential. We are working on finding 
new strategies to efficiently generate clinically usable iPS.    

1.  Cowan CA, Atienza J, Melton DA, Eggan K. Nuclear reprogramming of somatic cells after fusion with human embryonic 
stem cells. Science 309, 1369-1373 (2005). 

2.  Hoshikawa Y, Kwon HJ, Yoshida M, Horinouchi S and Beppu T. Trichostatin A induces morphological changes and 
gelsolin expression by inhibiting histone deacetylase in human carcinoma cells. Experimental cell research 214, 189-197 
(1994)  

3.  Meshorer E, Yellajoshula D, George E, Scambler PJ, Brown DT and Misteli T. Hyperdynamic plasticity of chromatin 
proteins in pluripotent embryonic stem cells. Development Cell 10, 105-116 (2006). 

4.  Takahashi, K. & Yamanaka, S. Induction of pluripotent stem cells from mouse embryonic and adult fibroblast cultures by 
defined factors. Cell 126, 663–676 (2006). 

Anna Davidhi1, Marta Wegorzweska2, Rafael Casellas2, Lisa Boyette3, Rocky Tuan3, Eran Meshorer4, Itai Tzchori1, Heiner Westphal1 

1Laboratory of Mammalian Genes and Development, National Institutes of Health, Bethesda, Maryland 20892, USA. 2Genomic Integrity and Immunity, National Institute of Arthritis and Musculoskeletal and Skin Diseases, National Cancer Institute, 
National Institutes of Health, Bethesda, MD 20892, USA. 3Cartilage Biology and Orthopaedics Branch, National Institute of Arthritis and Muskoskeletal and Skin Diseases, National Institutes of Health, Bethesda, MD20892, USA. 4Department of 

Genetics, Institute of Life Sciences, The Hebrew University of Jerusalem, Jerusalem, 91904, Israel.  

Figure 4. (A) From left to right: Fluorescence microscopy of an iPS GFP expressing 
colony, phase contrast microscopy of iPS-derived embryoid bodies, phase contrast 
microscopy of iPS-derived MSC’s. From top to bottom: alizarin red staining of MSC 
derived osteocytes, oil red staining of MSC derived adipocytes and alkaline 
phosphatase staining of MSC derived osteocytes. (B) Comparison of cellular 
differentiation marker expression levels for different cell types as measured by flow 
cytometry. (C) Comparing the reprogramming abilities of iPS, R1 and E14 stem cell 
lines with and without TSA treatment. The Y axes represents the number of MEF/ESC 
hybrids obtained for 20 million ESC used.  

(C) 

Increased H3K9 acetylation levels elevate stem cell potency 

Figure 3. (A) Chromatin histone modifications Adapted from from Felsenfeld and Groudine (2003). (B) Immunofluorescent images of pan-
acetylated H4 (H4ac), tri-methylated H3 on lysine 4 and 9 (H3K4me3, H3K9me3), RNA polymerase II phosphorylated on serine 5 (Pol2pS5), 
HP1alpha and H3 acetylated at lysine 9 (H3K9). (C) Quantification of B. The Y axes contains arbitrary fluororescent units. Values represent results 
from at least 20 cells from 3 independent experiments. (D) TSA treatment increases H3K9ac in the E14 stem cell line. E14 cells are treated with 
the vehicle (DMSO, left), 5nM (middle), and 25nM (right) of trichostatin A (TSA). Immunofluorescence of histone acetylation levels were done by 
using antibodies specific for pan-acetylated H4 (H4ac, top), pan-acetylated H3 (H3ac, middle) and H3 acetylated on lysine 9 (H3K9ac, bottom). (E) 
From left to right E14 chimera mice without TSA treatment and with 24h TSA treatment. 

(D) 
(B) 

The MEF/ESC hybrid possesses pluripotent-like 
properties 

Figure 2. (A) From top to bottom, oct-4 GFP expressing hybrid colony, has the ability to self-renew, as well as form in vitro embryoid 
bodies. (B) From top to bottom, karyotype analysis of 2n ESC nucleus, 2n fibroblast nucleus, and 4n MEF/ESC hybrid nucleus. (C) Left 
panel: Genotype of MEF, R1 and hybrid for transgene markers. Right panel: Gene expression analysis by reverse transcription-
polymerase chain reaction.: Lane 1: MEF; Lane2: R1 ESC; Lane 3 and 4 MEF/ESC hybrid1 and hybrid2  (D) Pluripotent-like properties 
of MEF/ESC hybrid chromatin. Fluorescence recovery after photobleaching of CFP labeled heterochromatin protein 1 (HP1) in wild type 
ESC (white circles), MEF (black circles) and MEF/ESC hybrid (green circle).  

     Dolly the sheep 

        Somatic cell reprogramming reverts the epigenetic and 
subsequently the differentiation identity of a cell to a pluripotent 
embryonic stem cell-like state. Embryonic stem cells (ESC), 
obtained from the inner cell mass of the blastocyst, are pluripotent: 
they are unspecialized, possess long term renewal ability and can 
give rise to the whole embryo excluding the extraembryonic tissue. 
As such they are highly prized for patient specific tissue replacement. 
The birth of Dolly in 1997, by somatic cell nuclear transfer, showed 
that: cellular differentiation is a reversible process when germ line 
modifications are not involved. Thus, in the presence of the 
appropriate “reprogramming environment” the epigenetic memory 
of a cell is re-established to a pluripotent-like state. A somatic cell 
becomes pluripotent-like when fused with an ESC either by 
polyethylene glycol (PEG) or by electrofusion. In 2006, Yamanaka et 
al, showed that this “reprogramming environment” can also consist of 
four retrovirally encapsulated transcription factor genes, which when 
transfected into somatic cells give rise to induced pluripotent stem 
(iPS) cells.  
 All these three reprogramming methods employ major 
architectural changes in genome expression patterns including 
histone post-translational modifications. These biochemical 
alterations work combinatorially and cumulatively in defining the 
epigentic state of a cell and thereby its biological function.  

We have employed two strategies to investigate interrelated factors influencing somatic cell 
reprogramming:  

•   Baculovirus mediated fusion of two ESC lines with mouse embryonic fibroblasts (MEFs) 
investigating:  
1.  Is the reprogramming ability of different ESC lines, as measured by the overall number 

of tetraploid hybrids obtained, “the same”?  
2.  Are chromatin remodeling markers involved in modulating this phenotype and if so 

how? 
•  Viral mediated transfection of MEFs addressing the questions: 

1.  Is the iPS reprogramming ability any different from that of a standard ESC? If so, is this 
ability amenable to pharmacological manipulation? 

2.  Can iPS in vitro differentiate well into the Mesenchymal Stem Cell (MSC) lineage and 
then into into mesodermal tissue?  
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Figure 1. Flow chart of reprogramming by baculovirus mediate cell fusion (left panel) and by 
retroviral transfection of 4 genes (right panel).  
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Introduction Distribution of Dopaminergic (TH), GABAergic (GAD), 
and Glutamatergic (VGluT2) Neurons Summary 

Conclusions 

Aims 

Dopaminergic, GABAergic, and Glutamatergic Neurons in the 
Ventral Tegmental Area and the Adjacent Midline Nuclei 

The Ventral Tegmental Area (VTA) is 
involved in reward and motivation. It 
contains at least four types of neurons: 
dopaminergic (containing tyrosine 
hydroxylase, TH); GABAergic 
(containing glutamic acid 
decarboxylase, GAD); glutamatergic 
(containing vesicular glutamate 
transporter type 2 VGluT2); and 
neurons that coexpress both TH and 
VGluT2. However, the specific 
distribution and relative proportions of 
these neurons within the VTA and 
adjacent midline nuclei remain 
unknown. 

• To investigate the ratios of 
dopaminergic, GABAergic, and 
glutamatergic neurons relative to one 
another within the VTA 

• To investigate how these different 
phenotypes of neurons are distributed 
within the VTA 

• Adult Sprague-Dawley male rats were 
perfused with 4% paraformaldehyde 

• Sections from the VTA were prepared – 5µm 
thick 

• Sequential sections were divided into two 
groups and hybridized with either VGluT2 or 
GAD antisense radioactive riboprobes 

• All sections were immunostained for 
detection of TH 

Safiya Correia, Tsz H. Ng, Marisela Morales 
Neuronal Networks Section, Intramural Research Program, National Institute on Drug Abuse, Baltimore, MD 

 
1. Dopaminergic, GABAergic and glutamatergic neurons 

are distributed differently throughout all subdivisions of 
the VTA and adjacent midline nuclei 

2. A subpopulation of dopaminergic neurons in the VTA and 
adjacent midline nuclei coexpress a glutamatergic 
phenotype 

3. A subpopulation of dopaminergic neurons in the VTA and 
adjacent midline nuclei coexpress a GABAergic 
phenotype 

Five Different Phenotypes of 
Neurons are Present in the VTA 

and Adjacent Midline Nuclei: 

This image shows the entire rat brain at Bregma 
-5.28 (mm) (Paxinos and Watson, 2007). VTA: -ventral tegmental rostral area (VTAR)                       

 -parabrachial pigmented nucleus (PBP) 
 -paranigral nucleus (PN) 
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Are$OFC(ac+vated$NAcc$neurons$necessary$for$value$discrimina+on?$
A"Noreuil,"B"Berg,"TA"Stalnaker,"and"G"Schoenbaum"
Cellular"Neurobiology"Research"Branch,"Na=onal"Ins=tute"on"Drug"Abuse,"Na=on"Ins=tutes"of"Health,"Bal=more"MD"

Orbitofrontal$Cortex$(OFC)$
•  Necessary"for"forming"associa=ons"between"a"
cue"and"unique"reward"iden=ty"

BUT!"Animals"need"both"OFC"and"NAcc$to"associate""
cues"with"unique"reward"iden==es."(McDannald"et"al.,"2001)"

"

Nucleus$Accumbens$(NAcc)$
•  Necessary"for"forming"associa=ons"between"a""
""""cue"&"unique"reward"value"

Hypothesis:"The"NAcc"cell"popula=on"s=mulated"by"OFC"is"necessary"
for"associa=ng"cues"with"change"in"reward"value"and"iden=ty"."

OFC$to$NAcc$Pathway:$

O
FC
$(s
+m

$si
te
)$

N
Ac

c$
Ac

+v
a+

on
$

No$S+mula+on"473nm$S+mula+on""

References:$$

Legend:$
$Red$–$cFos$expression$
"Green$–$ChR2$
"Blue$–$DAPI$$$

Ventral$Striatum$Neurons$

Nucleus""

1o$an+body:$rabbit$α$cFos$

DAPI$

cFos$

2o$an+body:$goat$α$rabbit$$

DNA(Double$Helix$

Absorbs$at$578$nm$Emits$at$603$nm$

Valida+ng$Methods$by$Immunohistochemistry$

OFC$S+m$Induces$cFos$Expression$in$NAcc:$$

Future$Plans:$
• "Use"cRfosRLacZ"transcgenic"rats"
• "Induce"cFos"expression"in"NAcc"using"optogene=c"s=m"of"OFC"
• "Silence"cFos"expressing"cells"using"Daun02"
• "Conduct"behavioral"tests"to"determine"if"NAcc"cells"that"receive"
OFC"input"are"necessary"for"learning"about"changes"in"reward"value"

McDannald,"Michael"A.,"and"Federica"Lucantonio.""Ventral"Striatum"and"Orbitofrontal"Cortex"Are"Both"Required"for"ModelRBased,"But"Not"ModelRFree,"Reinforcement""
"Learning.""The$Journal$of$Neuroscience"31.7"(2011):"n."pag."Print."

"
Fanous,"Sanya,"Evan"M."Goldart,"and"Florence"R."Theberge.""Role"of"Orbitofrontal"Cortex"Neuronal"Ensembles"in"the"Expression"of"Incuba=on"of"Heroin"Craving.""The$$

$Journal$of$Neuroscience"32.43"(2012):"n."pag."Web"

• OFC$injec+ons$were$on(target$
• Laser$s+mula+on$induced$cFos$expression$in$NAcc$

• Control$1)$No$s+mula+on$
• Control$2)$eYFP$virus$

Optogene+c$induced$ac+vity$

• PURPOSE:$To$show$that$
Optogene+c$s+mula+on$of$OFC$
is$sufficient$to$induce$cFos$
expression$in$Ventral$Striatum$
• Injected"ChannelrhodopsinR2"
into"OFC"
• S=mulated"OFC"
• Euthanize"animals"90"min"later"
• Stain"for"cFos"in"NAcc"

(Fanous"et"al.,"2012)"

Neuronal$ac+va+on$causes$c(fos$promoter$to$
bind,$ac+va+ng$β(gal$produc+on$

Cell$Body$in$Orbitofrontal$
Cortex$(OFC)$

Axon$Terminal$in$Ventral$
Striatum$(VS)$

AAV$(Channelrhodopsin(2$
Injected$into$OFC$

AAV(CaMKIIa(hChR2(H134R)(EYFP$induces$
expression$of$light$sensi+ve$ion$channels$in$

excitatory$neurons$

Daun02$pro(drug$will$be$injected$$
90$min$later$into$NAcc.$$$

Illumina+ng$OFC$cell$bodies$induces$ac+on$
poten+als$that$ac+vate$downstream$ventral$

striatum$neurons$

473$nm$blue$light$$

Synap+c$Release$$

$β(gal$

β(gal$catalyzes$the$transi+on$from$Daun02$into$
the$toxin$Daunorubicin.$$

Daunorubicin$
(reduces$neuronal$

excitability)$

Ventral$Striatum$$

Nacc$cells$that$receive$input$from$OFC$are$
silenced.$$Behavioral$paradigms$will$be$applied$to$
test$if$animals$are$able$to$differen+ate$between$

reward$value$and$iden+ty.$

Experimental$Outline:$$

OFC$

Ferrule$–$emifng$
473$nm$blue$light$

Cannulae$–$Daun02$
inac+vated$toxin$

VS$

Within$NAcc$$

$β(gal$
90$min$later$

AlexaFluor568$

2$weeks$later$



Obioma Ekeledo, Florence Theberge, Charles Pickens, Kenner Rice, Yavin Shaham, 
Behavioral*Neuroscience*Branch,*

NIDA/IRP/NIH/DHHS,*
Baltimore,*USA

Effect of the Toll-like receptor 4 antagonist (+) naloxone and the mu opioid receptor 
antagonist (-) naloxone on heroin reward in rats

Experimental ProceduresBackground

Results

� (+) naloxone had no effect on 
heroin self-administration under 
fixed ratio 1 or progressive ratio 
reinforcement schedule.

� (+) naloxone decreased heroin-
induced CPP.  This result is in 
agreement with the data of 
Northcutt et al. with morphine-
induced CPP.

� We currently assess the effect of 
(+) naloxone alone on 
conditioned place 
preference/aversion to rule out 
that its effect on heroin-induced 
CPP is due to non-specific 
aversive effects of the drug.

Conclusions

Acknowledgement

Reference

Habituation
�1 day, 15-min 
sessions

�Given free access 
to two distinct 
chambers to test 
for innate 
preferences

Conditioning
�8 days, 30-min sessions, 2 
groups

�Each day given injection (s.c.) 
and confined to one of the two 
chambers 

Test
�1 day, 15-min session

�Given free access to 
two distinct chambers 
to test for CPP

Behavioral Protocol

Actions of (+) naloxone, (-) naloxone and morphine 
on mu opiate receptors and TLR4 receptors

� The rewarding and analgesic effects of 
morphine and heroin are mediated by brain mu 
opioid receptors and can be blocked by the 
preferential mu receptor agonist (+) naloxone 

� Morphine (and likely heroin as well) also 
activates immune-function-related toll-like 
receptor 4 (TLR4) located on glial cells; this 
activation counteracts the analgesic effect of 
morphine

� (+) naloxone, a stereoisomer of (-) naloxone, 
has been recently identified as a selective 
antagonist of TLR4 receptors

� Northcutt et al. found that (+) naloxone prevents 
morphine-induced reward in the conditioned 
place preference (CPP) procedure

� In contrast, we found that (+) naloxone had no 
effect on intravenous heroin self-administration 
(see figures below)

� Here, we determined whether (+) naloxone is 
involved in heroin reward in the CPP procedure. 

CPP Apparatus
�3 compartments differing 
by:

� Floor texture
� Wall color
� Luminosity

�Floor sensors placed 
throughout each 
compartment
�Connected to computer 
for data analysis
�Manually retractable 
doors

Day 1 Day2

Heroin 
(0.25 mg/kg)

Heroin Saline Saline Heroin

Heroin (0.25 
mg/kg)

+
(+) naloxone (30.0 

mg/kg)

Heroin
(+) naloxone

Saline
vehicle

Saline
vehicle

Heroin
(+) naloxone

Example of conditioning pairing

Pretreatment with (+) naloxne (30 mg/kg, s.c.) attenuated heroin-induced CPP

� Nortcutt et al SfN abstract 2010

�Hutchinson MR et al ScientificWorldJournal 
2007; 7:98-111

� This*work*was*supported*by*NIDA*IRP.

*

(+)naloxone (0 mg/kg)



Odor Cartridges 

Blocking and unblocking procedure 

Construction of odor and fluid delivery system for in vivo electrophysiology in 
behaving rats 

MF Carroll, AB Kawa, AM Mirenzi, SZ Bacharach, DJ Calu 
Behavioral Neuroscience Branch, NIDA/IRP/NIH, Baltimore, MD, U.S.A. 

•  Purpose: Construct four odor/fluid delivery systems for behavioral 
electrophysiology studies in rats 

•  Method:  
•  Odor cartridge construction: Air flow system assembly, solenoid wiring 

for independent manipulation of odor delivery.  
•  Fluid system construction: fluid system assembly, solenoid wiring 
•  Relay boards: wiring to power supply, wiring to odor and fluid 

components  
•  Future directions: Use the odor/fluid delivery system to probe learning 

about changing reward value through the use of multiple odors signaling 
for varying degrees of reward 

Relay Boards 
 

Rat Interface and Final Product 

Fluid Delivery 
 

This work was supported by NIDA/NIH. 

Background 
 

odor port  
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unpoke 

 

well  
entry 
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Training – 2 weeks 
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reward 
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Compound Conditioning – 2 days 

odor port  
poke 

 

odor port  
unpoke 

 

well  
entry 

 

light  
on 
 

odor sampling  response delay (1s) delay (1.5s) 

light  
off 
 

A CS+ 

X blocked 
 

Y upshift 
 

Z 
downshift 
 

Probe test – 1 day 

How long do  
rats stay in  
the well on  
probe trials  
(extinction-  
no reward)? 

Air flow meter assembly  Tubing supplying air to odor cartridge 

Top view of odor cartridge before wiring solenoids  Side view of odor cartridge  

Solenoid wiring and air flow input Wiring solenoids to 25-pin connector input from relay control 

One-way valves control air/odor flow delivery to rat interface Manifold that connects odor cartridge with rat interface  

Solenoid panel for fluid delivery  Odor and fluid input on backside of rat interface 

Output relays control odor and fluid delivery. Input relays 
record location and behavior of rat. Wiring of relays for control of odor delivery 

# p = 0.06 (trend) 
* p < 0.05 (significant) 
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Odor port 

Fluid well 

Photo-beam detector 

Air flow panel 

Odor cartridge Fluid delivery 

Relay board 

Rat box/interface 

Air source and vacuum line Side view of air flow panel 

Side view of rat box  

Front view of rat box/interface 
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