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Figure 7: Endosomal localization of 
DsRed CA in DsRed expressing cells 
(A), non target containing CCL-11 
cells (B) and 3T3 cells (C).
CA is trapped inside the endosomes and cannot 
interact with target.
Cells were incubated with DsRed CA at 5 µM in 
complete medium for 18 h, cell nuclei were 
counterstained by Hoechst 33342 and external 
fluorescence was quenched by trypan blue and 
subsequent washes with HBSS; DsRed CA: green 
(FITC fluorescence); nuclei: blue (Hoechst 33342); 
bar represents 20 µm.
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Bot M  on st agen  vi usl  st  i NIH 3 fi robl ts [1]h R c tra ts pre o y te ed n T3 b as  .

Fl res enc s u ies  uo c e t d :
?oth C e t red e f i t y in o cel  s owin  o c n ra io  ep nd nt ptakeb A n e  f ic en l  t  ls h g c n e t t n d e e u
?n  i ific nt iffere ce e ected b we n bo h CA s e p c e  o the e celo s gn a d n d t  et e t  a  x e t d f r s  ls
?CAlo t d n s s a u  ucle s  ind c t g inter aliza io  y e do yt sis ca e i ve icle  ro nd n u , i a in n t n b  n c o

n i oI v tr  st di sMR u e : 
?c ntra t h nceme t al o d t c a le in MR i a eso s en a n  s  e e t b  m g
?tatist a y i nific n  in re se o  t e i t c llu r re xation t  R  alr ad  a  as ic ll  s g a t c a f h n ra e la la  ra e e y t  1 cell,

be g con e t t on of  ìMla lin  c n ra i  0.5

Fig re 5: Cell internalization of DsRed CA and non-u
sense CA into DsRed cells measured by  
fluorescence spectroscopy. 
Cells were incu a ed with co trast agent at various concentrations in b t n
complete m d um for 18h. Ext rnal fluorescence was quenched by e i e
tr pan blue and sub equently washed wi h HBSS; values are means ± y s t
SEM, n=4 ith six replicates each.w
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Figure 6: Cellular relaxation rate R  in DsRed and CCL-11 1,cell

cells after labeling with DsRed or non-sense CA.
After treatment with DsRed CA for 18 h, cells were trypsinized, centrifuged and re-

7suspended in 1.5ml Eppendorf tubes at 2 x 10  cells/500 µl in complete Medium for MR 
studies. The measured relaxation rates were plotted vs. the extracellularly applied 
labeling concentration. Control: cells incubated with culture medium without CA. 
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b nd n ta es l ce b  ?i i g k p a y
W son C ick base pa ring at - r i
(Fig. 2A)
?s quence of 1 or more e  2 

ases enou for a spec fic b  gh  i
binding

? A  P N a r e  
me b l c l y mo  ta o i a l  re
t l  m e  s ab e co par d to
o m n DNA or c m o  
NA o e l sR  m l cu e  

(F g 2i  B)
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In ding a vitro bin ssay:

?5m r th i e cl o d  se e  co inin m m ta y b s to ar e  o4 e  syn et c d oxynu e ti e qu nce nta g co ple en r ase  t g t site f 
sR d A co m iall pr cu eD e  C m erc y o r d

?ta g  o ig e cl o  se e c  m o iz d n Ab n  e r et l od oxynu e tide qu n e i m bil e  o  DN  i ding plat s
ign ca l e  e fic  he tis n A  m r o  o i s o e s  c u e pa t?s ifi nt y high r sp ci ity of t  an e se C in co pa is n t t n n-s n e o nt r r  

o s r d Fi . )b e ve  ( g 4B

To image the presence of specific mRNAs by MRI, developed MR CA (Fig. 3) 

composed of:

?Gd-DOTA complex
?linked to a fluorophore (FITC)
?PNA sequence to bind to mRNA of 
DsRed (red fluorescent protein originating 
from Discosoma coral) or a non-sense 
sequence with no natural counterpart and 
?a well studied CPP: Tat in its retro-
inverso form 

Figure 3:  Schematic structure of antisense DsRed 
mRNA targeting contrast agent (DsRed CA).

Essential components of intracellular targeting 
for Molecular Imaging:

?targets binding to sites present inside the cell e.g. 
DNA, mRNA, proteins/enzymes (Fig. 1)
?efficient vectors to provide cellular uptake e.g. cell 
penetrating peptides (CPP), liposomes, etc.
?reporters to detect intracellular delivery and/or 
interaction with binding site of interest e.g. 
fluorophores, PET, SPECT, MR agents, etc.

Figure 1: Potential binding sites for 
intracellular targeted contrast agents 
(CA) 

Our interest:  Antisense targeting of mRNA using peptide nucleic acids (PNA)
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o  rFlu rescence spect oscopy:

?

? rconcent ation dependent uptake was 
o cbserved in both ell types without 

s b rob erva le toxicity upto a concent ation 
( iof 5 µM F g. 5)

? d eno significant iffer nces were 
t e vdetec ed b tween both CA irrespecti e 

 t c r e iof he presen e o  absenc  of target s te 
cin ells

k s r  upta e studie  were perfo med in a
f n smouse ibrosarcoma cell li e expre sing 

d a d nDsRed (DsRe ) n  their pare t cell line 
i i f h c (def c ent o  t e target sequen e CCL-

11)

i e t a o w  y c q  F gure 4: Schematic repr sentation of in er cti n bet een s nthetic deoxynu leotide se uence and
D e C  d a  d a i i  t i n vi ro i g )sR d A (A) an  binding effic cy of DsRe  CA nd non-sense CA n bind n  assay (B . Synthet c 

o i d n p c s s i A FC y t w p r o aDNA imm b lize  on DNA binding plates a d uns ecifi  binding ite  blocked w th BS / S. H bridiza ion as e f rmed with DsRed nd 
n s C o  d - e c i n TC c e nno -sen e A foll wed by extensive washing to get ri  of non sp cific binding. Dete t o  by anti-FI  HRP onjugat d a tibody; values are 

 means ± SEM, n=3.

Fluorescence microscopy:

? exclusive endosomal localization of the CA was 
observed by fluorescence microscopy of labeled DsRed 
cells (Fig. 7A). 

?since target mRNA is located in cytosol, the vesicular 
entrapment prevents a specific interaction between the 
CA and the target. Thus, further modifications of the CA 
are required to achieve the release from endosomes or 
a direct uptake into the cytosol.
?similar vesicular localization of CA was observed in 
non-target containing parent cell line (Fig. 7B) as well as 
3T3 cells (Fig. 7C)

 v tr R yIn i o M  stud :

R  o i g a t?Ds ed cells c ntain n  t rge  
m N n  r t c l e e  R A a d pa en  ell in  w re
n u t d i b A di c ba e  w th oth C . DsRe  
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Targeted MR agent based on Antisense Peptide Nucleic Acid - Cell 
Penetrating Peptide Conjugate: Endocytosis hinders targeting
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