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A question of competence: Neural tissue responsiveness to FGF and RA 
controlled by Cdx  
November 13, 2006 – Fibroblast growth factors (FGFs) and retinoic acid (RA) 
represent two important molecular signals in the formation and patterning of the 
vertebrate posterior hindbrain, where the spinal cord meets the tail end of the brain. 
They function in a broad range of other developmental processes as well, indicating 
that the ability to respond to these signals must be closely linked to the site of 
activity, and regulated accordingly. The brain itself is highly ordered along the 
anterior-posterior (A-P) axis - regionalized into forebrain, midbrain, hindbrain and 
spinal cord compartments in a head-to-tail direction. It has been suggested that FGF 
and RA are involved in the formation of these neural structures, but it remains 
unclear how they can form these structurally distinct regions, and the factors 
controlling tissue responsiveness to FGFs and RA remain unknown. 
 
Now, in an article published in the journal Development, Takashi Shimizu and 
colleagues in the Laboratory for Vertebrate Axis Formation (Masahiko Hibi; Team 
Leader) reveal that a pair of Cdx-family proteins, Cdx1a and Cdx4, controls the 
neural tissue’s responsiveness to FGF and RA signaling. Studying the effects of the 
inhibition of these two factors in the embryonic zebrafish, they found that loss of 
Cdx1a/4 function induces the ectopic expression of markers of posterior hindbrain 
and anterior spinal cord, dependent on RA and FGF.  
 

 
The Cdx-defective embryo has an extra hindbrain. Ectopic expression of krox20 is detected in the 

posterior neural tissue of a cdx1a/4 (italics) morphant embryos. 
 
Shimizu et al. used antisense technology (a gene knockdown technique in which 
small synthetic molecules called morpholinos are used to bind to complementary 
sequences of RNA, blocking transcription), and found that Cdx1a and Cdx4 are 
required for posterior spinal cord development, and that their loss of function results 
in the ectopic formation of posterior hindbrain and anterior spinal cord, suggesting 
that they normally suppress this fate. Interestingly, these aberrant regions develop 
as a kind of mirror image of the normal tissues. The ectopic sites include neuronal 
populations typical of the hindbrain, and exhibit reversed patterns of expression of a 
number of hindbrain markers. Tests in which Cdx1a and -4 were inhibited singly 
indicated that Cdx4 works at least partially redundantly in suppressing hindbrain 
development, but that the phenotypes in the cdx1a/4 and cdx4 solo morphants were 
different, nonetheless. 
 
The team turned next to the FGFs and retinoic acid, which are also known to impact 
on hindbrain development, and whose opposing patterns of expression overlap at the 
approximate intersection of hindbrain and spinal cord. In the cdx morphants, these 
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countervailing gradients also manifested in the caudal end, but were flipped along 
the A-P axis, with subtly different peaks of activity in cdx4 and cdx1a/4 embryos, 
with the region of maximal FGF and RA activity being more posterior in the double 
morphant.  
 
Suspecting that the region of overlapping FGF and RA signaling represented an 
ectopic environment that mimics the normal developmental field for the posterior 
hindbrain, Shimizu used specific inhibitors to interfere with FGF (fgf3 and fgf8) and 
retinoic acid signaling in the cdx morphants. While the perturbation of either of these 
signaling pathways had no discernible effect on the other, their loss of function did 
affect the expression of other hindbrain markers in the ectopic neural tissue, with 
FGFs responsible for markers for rhombomeres 4 to 6, and retinoic acid necessary 
for the ectopic expression of genes specific to the anterior spinal cord and the 
caudal-most region of the hindbrain. In cdx1a/4 morphant embryos in which both 
FGF and RA signaling was blocked, the mirror-image ectopic region failed to form.  
 
Of the genes whose expression was lost in the cdx1a/4 morphants, several were 
posterior-expressed members of the Hox family of patterning genes, suggesting that 
Hox signaling functions downstream of Cdx. Hox genes are known to work both as 
activators and repressors, prompting the team to try to untangle their role in this 
context. On constructing and expressing sequences in which either a repressor or an 
activator domain of was fused to a posterior Hox gene, the Hibi team found that 
while the repressor construct had no effect on ectopic gene expression in the 
cdx1a/4 morphant, the activator fusion protein inhibited both normal and ectopic 
expression of its target gene (as wild-type did), suggesting that the posterior Hox 
proteins function as transcriptional activators that indirectly suppress posterior 
hindbrain development.  
 
Shimizu’s findings highlight a surprisingly complex web of signaling at work in the 
formation of the posterior hindbrain and anterior spinal cord, in which Cdx activity in 
setting up regional competence to respond to FGF and retinoic acid signaling appears 
to be mediated by posterior members of the Hox family. In normal development, the 
expression of Cdx1a and -4 appear to control the responsiveness of the neural tissue 
to FGF and RA signals and suppress more anterior fates, such as hindbrain and 
anterior spinal cord; in the absence of inhibitory input from these Cdx factors, 
anterior tissues form ectopically. 
 
“Cdx genes were thought to control posterior body formation,” notes Hibi on the 
surprising findings, “but our study reveals that Cdx genes also function to repress 
anterior fate by causing a switch from tissue responsiveness to inductive signals.” 

Contact: Douglas Sipp sipp@cdb.riken.jp  TEL: +81-78-306-3043 
RIKEN CDB, Office for Science Communications and International Affairs 


