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In this issue of Cell Cycle, Straza et al.1 report 
therapeutic targeting of the transcriptional 
compressor C-terminal binding protein (CtBP) 
with a small molecule to specifically induce 
apoptosis in transformed cells and in cancer 
cells. Although CtBP has been associated with 
tumor promotion as a negative regulator of 
several tumor suppressors,2 the present study 
is significant since it is the first report on 
exploiting CtBP as an anti-cancer target. 

The vertebrate CtBP family proteins con-
sist of two major related proteins, CtBP1 and 
CtBP2 (collectively referred as CtBP) that func-
tion as transcriptional corepressors for a large 
number of repressors. Both proteins exhibit 
overall sequence and structural similarity to 
the D-isomer specific 2-hydroxy acid dehydro-
genases (D2-HDH).3 The role of the dehydroge-
nase activity in CtBP-mediated transcriptional 
repression remains controversial. Although 
CtBP1 was shown to possess a slow dehy-
drogenase activity,4,5 the cognate “substrate” 
for the CtBP dehydrogenase activity remained 
obscure until an intermediate of the methio-
nine salvage pathway, 2-keto-4-methylthio-
2-oxo butyrate (MTOB) was identified as a 
good substrate for CtBP1 dehydrogenase.6 The 
analysis of the constituents of the CtBP1 pro-
tein complex has helped to establish a general 
mechanism of transcriptional repression by 
CtBP7 (Fig.1). A DNA-binding transcriptional 
repressor recruits CtBP to the target promoter 
through a PLDLS-like motif first identified in 
adenovirus E1A. Using the individual subunits 
in the CtBP dimer, CtBP simultaneously inter-
acts with a transcriptional repressor and a 
chromatin-modifying protein complex that 
consists of enzymes such as histone deacety-
lases (HDAC) 1/2 and lysine specific demethyl-
ase-1 (LSD-1)4 that suppress gene transcription. 
By structural and biochemical studies, an 
NAD(H)-binding domain in CtBP has been 
found to be a redox sensor of the cellular 
NAD+/NADH ratio, altering CtBP conformation 
and/or dimerization to regulate CtBP inter-
action with repressors/chromatin modifying  
enzymes.

The present study by Straza et al. has 
revealed an important clue to the role of the 
dehydrogenase “substrate”-binding domain 

in CtBP function. In the CtBP structure, the 
substrate-binding domain and the PLDLS-
binding cleft are physically very close to the 
dehydrogenase catalytic center.8,9 Although 
PLDLS-binding does not seem to compete 
with substrate binding in vitro,8 data by Straza 
et al. suggest that substrate loading can exert 
a significant impact on CtBP recruitment to tar-
get promoters. The CtBP substrate MTOB was 
shown to relieve CtBP2-mediated repression 
of a pro-apoptotic gene Bik at high concen-
trations, resulting in enhanced apoptosis of 

transformed cells and cancer cells in contrast 
to the relative resistance of normal cells to 
MTOB. This effect was correlated with reduced 
recruitment of CtBPs, especially CtBP2, to the 
Bik promoter. Although CtBP1/2 were previ-
ously reported to repress several pro-apoptotic 
genes including Noxa, Perp, Bax and Bik,10,11 Bik 
appears to be most critical for MTOB-induced 
apoptosis since shRNA-mediated depletion of 
Bik relieved most of MTOB-induced apoptosis 
in colorectal cancer cells. This result suggests 
that molecules that maximize the cell killing 

Figure 1. (A) Transcriptional repression of tumor suppressors and apoptotic genes by the CtBP 
dimer under normal conditions. CtBP is recruited to the target promoter through interaction with 
the PLDLS-like motif in the repressor which is anchored to the target promoter. The second subunit 
in the CtBP dimer interacts with DNA-modifying enzymes including HDACs and LSD-1. Epigenetic 
modifications of the chromatin by the CtBP complex result in gene silencing. NAD+/NADH bind-
ing domain and substrate (MTOB)-binding domain are illustrated. (B) Transcriptional activation 
of tumor suppressors and apoptotic genes after binding of MTOB to CtBP. MTOB binding to the 
substrate-binding domain of CtBP might induce conformational changes in the PLDLS-binding 
cleft and cause dissociation of the CtBP complex from the repressor, resulting in derepression of the 
target genes. 
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activity of Bik may constitute attractive anti-
cancer agents. Although no detailed mecha-
nism of MTOB-suppression of CtBP recruitment 
to target promoters has been provided by 
the authors, one possibility might be that 
MTOB loading to the CtBP substrate-binding 
domain causes conformational changes in the 
PLDLS-binding cleft, resulting in reduced CtBP 
interaction with promoter-bound transcrip-
tional repressors (Fig.1). Should this be the 
case, then experiments with mutants in the 
substrate-binding dozmain of CtBP could be 
performed to show resistance of the mutants 
to inhibition by MTOB. It is of high significance 
that this study also showed that CtBP is over-
expressed in many primary colon tumors and 
CtBP expression appears to be inversely corre-
lated with expression of tumor suppressor ARF. 
More detailed expression profiling of CtBP, 

tumor suppressors, and apoptosis-regulatory 
genes including Bik in various tumor samples 
may help uncover new correlations between 
these genes and help better understand the 
mutual regulations and roles of these genes 
during tumorigenesis. 

The authors demonstrated the utility of 
MTOB as an anti-cancer agent in cell culture 
as well as in the mouse xenograft model. 
Since MTOB appears to inhibit the transcrip-
tional activity of CtBP at relatively high con-
centrations, identification of new generation 
CtBP substrate molecules that function at 
relatively low concentrations might constitute 
more effective anti-cancer drugs. Should the 
biochemical mechanism of MTOB-mediated 
inhibition of CtBP be clarified further, there 
might be MTOB derivatives that could bind 
to the CtBP substrate-binding domain and 

inhibit CtBP function more specifically and 
more efficiently. 
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The tumor suppressor p53, a sequence specific 
transcription activator, binds and regulates 
the transcription of a large number of genes. 
The level of p53 protein is largely determined 
at the level of p53 modification and escaping 
degradation. A large number of p53 modifiers 
were identified and most clustered into the 
group of stress responding effectors. Signals 
from multiple stresses triggered by genotoxic, 
metabolic, oxidative and oncogenic insults 

give rise to p53 accumulation and activation.  
Lately, the linkage between p53 and metab-

olism has attracted many studies that by large 
are based on revealing new target genes.1,2  
In these cases cell-autonomous mechanisms 
are described to regulate mitochondrial res-
piration, autophagy, glycolysis, fatty acid oxi-
dation and the creatine pathway controlling 
ATP homeostasis.3 In addition to this level 
of regulation Ashur-Fabian et al.4 show that 

p53 may have a non-cell-autonomous role in 
regulating nutrient transport and uptake. They 
have identified ApoB and Apobec1 as new p53 
target genes. ApoB is involved in the formation 
of the LDL spherical particles in transporting 
the absorbed dietary lipids from the digestive 
tract to the liver. Apobec1 is an RNA editing 
enzyme that modifies apoB mRNA to translate 
a C terminus truncated version of apoB.

Ashur-Fabian et al.4 first demonstrated that 
both Apobec1 and apoB genes contain p53 
response elements that bind p53, as has been 
shown by ChIP analysis. Using the lucifer-
ase reporter assay they have shown that p53 
activates these promoters provided that the 
identified p53 response elements are intact. 
They found an increase in the level of Apobec1 
and apoB mRNA after adriamycin treatment of 
HepG2 cells, a genotoxic drug that induces p53 
accumulation. The authors then used C57b1/6 
mice and showed a significant increase in the 
apoB mRNA level in response to adriamycin 
treatment in the small intestine, where apoB 
is normally expressed. The liver of the treated 
mice showed an induction in the level of 
apobec1 expression. The authors went on to 
demonstrate that the adiramycin treated mice 
are indeed more active in RNA editing but 
only in the liver. Finally, the authors validated 
the role of p53 in regulating apoB in mice by Figure 1. A model: p53 nutrient response and regulation. The dotted lines are a likely assumption. 
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