
Figure 2. Representative coronal images of in-utero (a) and 
ex-utero (b) T2WI and in-utero FA map (d) and 
directional-encoded color (DEC) map (e) from DTI images at 
gestational week 14. The brain shape (c), surface map of 
cortical thickness (f), and fiber tractography (g) were 
reconstructed from high-resolution T2WI and DTI data sets. 
The anatomical information observed in each data were added 
with the reference of HE staining (h) and their abbreviations 
were as follows; 3V: 3rd ventricle, ac: Anterior commissure, 
Amg: Amygdala, Cb: Cerebellum, cc: Corpus callosum, Cd: 
Caudate nucleus, CP: Cortical plate, Fr: Frontal cortex, ic: 
Internal capsule, IZ: Intermediate zone, lf: Lateral fissure, Ln: 
Lentiform nucleus, LV: Lateral ventricle, Mes: Mesencephalon, 
OB: Olfactory bulb, OcC: Occipital cortex, ox: Optic chiasm, 
PaC: Parietal cortex, Sep: Septum, SP: Subplate, TE: Temporal 
cortex, VZ: Ventricular zone 
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Introduction The common marmoset has a number of advantages as an experimental primate including small body size (250–400 g), high fertility 
(2-4 babies per year), and early sexual maturity (adulthood at 1.5–2 years). Previously, we reported the development of transgenic technology in the 
marmoset using a self-inactivating lenti-viral vector injected into marmoset embryos [1]. With this success of the transgenic primate, further research 
such as human disease, physiology, and the development of drug therapies and their validation is expected to increase. Especially in the brain research, 
due to the similarities of central nervous systems to human, genetically modified marmoset has the novel possibilities to reveal the human 
neurological disorders. It is essential to evaluate and characterize the brain organization of transgenetic marmoset during pre- and post-natal 
development non-invasively for few animals. However, the available literature is limited to classical embryology studies and imaging technique is 
unreported. Therefore, we prepared 
multi-dimensional atlas, in-utero and ex-utero 
imaging technique of brain development. 
Furthermore, diffusion tensor imaging (DTI) 
enables to detect the fiber structure [2] and 
cortical organization [3]. We also introduced 
developmental changes in cortical and fiber 
structure using DTI.  
Methods All experiments were approved by 
the Animal Study Committee of the Central 
Institute for Experimental Animals in Japan. 
MRI scans were performed using a 7T 
Biospec 70/16 MRI scanner (Bruker biospec) 
equipped with gradients system with a maximum strength of 700 mT/m. We applied in-utero MRI to two pregnancies for the time-course evaluation 
with a special designed 4ch phased array surface coil. Each scan time including localizer was approximately within 30 min, while animal’s 
physiological conditions were continuously monitored. Furthermore, we applied high-resolution MRI to specimens including DTI analysis with 
isotropic resolution of 30 - 100μm. Each scan time was less than 60 hours. 3D reconstructions and display of volume rendering, cortical and fiber 
structures were performed by Amira, Diffusion toolkit, and TrackVis [4]. We also performed hematoxylin-eosin (HE) staining for general histological 
evaluation to littermate animal. 

Results and Discussion We applied in-utero and ex-utero MRI to 
each developmental stage of the marmoset, and the 3D drastic 
changes in development were observed from volume rendering 
images of whole body shown in figure 1. Figure 2(a) and (b) show 
in-utero and ex-vivo T2WI, respectively. Applying the 4ch surface 
coil optimized for the location of marmoset uterus, we could 

observe the high quality anatomical image with less artifacts in small size of brain at gestational week (GW) 14 (a). Brain and the distribution of 
cerebrospinal fluid were surface rendered from the high-resolution T2WI and the emergence of lateral fissure was observed (c). From DTI maps, 
cortical plate and ventricular zone were observed as high anisotropy in in-utero FA map (d) and with radial structures in ex-utero directional-encoded 
color (DEC) map (e). The emergence of commissure fibers of anterior commissure (ac) and corpus callosum (cc) were observed from DTI contrast 
(e) and the running regions were visualized in the fiber tractography (g). The connected cortical regions by ac and cc seemed to be extended toward 
superior frontal, parietal, and temporal cortex, and the region of cortical thickness were thicker than that of other brain surface area. These imaging 
and analyses were applied to each developmental stage.  
Conclusion We have created brain atlas of the developing marmoset from the high-resolution MRI data sets. Atlas with multi-contrast MRI and 
dimension provide the information of the dramatically changing structure such as brain shape, fiber bundle and cortical layer. Furthermore, we have 
developed an in-utero MRI method for the time-course evaluation of brain organization. Those atlases and imaging techniques will contribute to 
understanding of the developing primate brain. 
References: [1]Sasaki et al., Nature 2009, [2]Mori et al., Neuron, 2006 [3] Huang et al., J Neurosci, 2009 [4] Wang et al., Proc ISMRM, 2007 

940Proc. Intl. Soc. Mag. Reson. Med. 20 (2012)



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: none
     Shift: move up by 18.00 points
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20120402101238
       612.0000
       Half letter
       Blank
       396.0000
          

     Tall
     1
     0
     No
     251
     241
    
     Fixed
     Up
     18.0000
     0.0000
            
                
         Both
         2
         AllDoc
         59
              

       CurrentAVDoc
          

     None
     18.0000
     Left
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.1b
     Quite Imposing Plus 2
     1
      

        
     0
     1
     0
     1
      

   1
  

 HistoryList_V1
 qi2base



