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Abstract. Background: The 2 50 k Da r etinoblastoma bi nding pr otein 6  
(RBBP6) was cloned over a decade ago and was found to bind both the p53 and 
Rb1 tumor s uppressor proteins. In a ddition, R BBP6 has be en a ssociated with 
multiple b iological f unctions, s uch a s m itosis, m RNA p rocessing, tr anslation 
and ubiquitination. 

Objectives: In the current study, an in silico approach was used to identify 
RBBP6 binding partners. The information will be used to investigate the rela-
tionship between RBBP6 and its binding partners as well as to further probe the 
biological function of RBBP6 and its binding partners in various cancer types.  

Materials & Methods: Putative genes were i dentified a s pos sible bi nding 
partners for RBBP6. These genes were subjected to expression profiling to de-
termine differential expression. Promoter analysis were done on t he promoters 
of the genes encoding RBBP6 and each of its binding partners to investigate the 
underlying regulatory elements involved in the progression of cancer. 

Results: In the current study 20 binding partners were identified for RBBP6. 
Expression profiling revealed 14 types of cancer in which RBBP6 and its bind-
ing partners show differential expression. Functional annotation indicated that 
RBBP6 and its binding partners are involved in similar biological processes. De 
novo motif discovery revealed 10 unique signatures present in the promoters of 
RBBP6 and its binding partners.  

Discussion: From previously explained  results it is clear that RBBP6 and its 
binding partners are involved in similar processes and this fact is  indicated by 
all the genes being involved. All the genes also share similar and unique regula-
tory elements within their promoters validating the possible co-expression rela-
tionship between RBBP6 and its binding partners. 

Conclusions: The study showed that RBBP6 and its binding partners are in-
volved in the same biological processes and that they share underlying regulato-
ry elements within t heir p romoters. B ecause t hey ar e 2 -fold d ifferentially e x-
pressed in a  n umber of cancers and they share common regulatory elements it 
could be inference that they are highly involved in the progression of cancer. 
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1 Introduction 

One of the most limiting aspects of biological research in the post-genomic era is the 
capability to integrate massive datasets on gene structure and function for producing 
useful biological knowledge [1]. The identification of stable and reliable human gene 
to gene co-expression networks is essential to unravel the interactions and functional 
correlations between human genes a t an omic scale [2]. Exploration and analysis of 
gene e xpression d ata u sing genome-wide microarrays i s a  t echnique o ften u sed i n 
genomic s tudies t o f ind c o-expression p atterns an d l ocate g roups o f co -transcribed 
genes. This kind of studies has been used in model organisms, like yeast to discover 
gene functions, to define biological processes and to find related transcription factors 
and their products [3]. The main features of expression patterns that give a wide utili-
ty in  b ioinformatic s tudies a re: th e f unctional i nformation as sociated with t he g ene 
[4], the h igh conservation of gene co-expression groups a long evolution [5] and the 
high correlation of these groups with biomolecular pathways or reactions [6].  

In hu mans, r etinoblastoma b inding p rotein ( RBBP6) has be en s hown to p lay a n 
important role in apoptosis and cell cycle regulation through its  in teraction with the 
tumor suppressor genes p53 a nd Rb1 [7]. I t i s an evolutionarily conserved 250-kDa 
multi-domain protein that has been found in a wide variety of eukaryotic organisms 
ranging f rom s pore f orming unicellular o rganisms, to  p lants a nd to  vertebrates [ 8]. 
RBBP6 was first identified in mouse testis and was implicated in controlling cell pro-
liferation and differentiation [9]. Two research groups identified the partial cDNAs of 
the m ouse RBBP6 ge ne a nd na med t hem P ACT [ 10] a nd P 2P-R [ 9]. T he ge ne i s 
known to possess six different domains that have been characterized and linked with 
different t ypes o f cancer such as  b reast cancer [11]. These domains include the do-
main with no name (DWNN), zinc knuckle, RING finger, SR, Rb, and a p53-binding 
domain which are present in the RBBP6 in vertebrates. In other species homologues 
of t he gene a re f ound ho wever, t hey l ack the p53- and Rb-binding do main [ 8]. I ts 
involvement in wide range o f b iological p rocesses such mitosis, mRNA processing, 
ubiquitination, a nd tr anslation, f urther gives r ise to th e in depth i nvestigation o f 
RBBP6 [7, 9, 12, 13]. Differential expression level of RBBP6 has been implicated in 
many cancer t ypes including but not limited to co lorectal, breast, cer vical, ovarian, 
and p rostate ca ncer when compared to n ormal samples [ 11]. T hree splice variant 
namely P2P-R, PACT, and RBQ-1 have been found in RBBP6 in mice [10, 12, 14]. 
The P2P-R was shown to localize to the nucleolus of interphase cells and the periph-
ery of chromosomes in cells undergoing mitosis [15]. 

 Due to the ability to r egulate p53 pathway a nd to prevent tumorigenesis and the 
consequent potential role of RBBP6 as a t arget for cancer therapy, plenty of studies 
have been performed on human and mouse cells [8]. However, little research has been 
carried out to identify the interaction, co-expression analysis and protein modification 
of this gene and its protein products on so many other genes and proteins that are co-
expressed. The importance of identifying biological networks and predicting molecu-
lar interactions has been emphasized by several studies [16, 17]. Such studies empha-
size that when knowledge about DNA variation within populations is interfaced with 
data o n gene ex pression, p rotein interactions an d D NA-protein bi nding, bi ological 

Proceedings IWBBIO 2014.  Granada 7-9 April, 2014 728



networks can be constructed that are predictive of the physiological molecular interac-
tions a nd d isease s usceptibility [18]. I n 20 11, u sing bi oinformatics a nd molecular 
approach we identified the regulatory role of the two promoter sequence in RBBP6 on 
apoptosis [19]. Motadi et al., 2011, using the bioinformatics tool, GeneNetwork, es-
tablished t hat l arge genetically d efined t ranscription networks t hat i nclude P 2P-R 
exist in fat cells and eye tissues [17]. Generally the genetic architecture o f common 
human d iseases i s c haracterized b y i nteractions b etween genes, i .e., ep istasis [22]. 
Accordingly, t he focus o f r ecent r esearch has s hifted f rom i dentifying single l ocus 
susceptibility [20, 21]  to quantifying in teraction effects between multiple c andidate 
loci t hroughout t he human g enome [22]. The ai m o f t his s tudy i s t o ch aracterize 
RBBP6 in relation to genes that are co-expressed with it, identifying the pathways and 
their role in regulating cell growth, using the bioinformatics approaches. 

2 Methodology 

2.1 Co-expression analysis 

For the purpose of co-expression analysis a co mbination of the two approaches were 
used to identify genes that were co-expressed with RBBP6, namely a guide-gene ap-
proach and a non-targeted approach described by Aoki and his colleges (Approaches 
for E xtracting P ractical I nformation from G ene Co-expression N etworks i n Plant 
Biology). The r esults obtained are then visualized and e valuated based o n their h y-
pothesis. 

2.2 RBBP6 protein-protein interaction network 

Protein coding sequence of RBBP6 was used as a query to search for known and puta-
tive protein-protein interactions between RBBP6 and its co-expressed genes using the 
STRING database version 9 [23]. STRING uses a scoring system that is  intended to 
reflect the evidence of predicted interactions. To produce each of the interaction net-
works, parameters were judiciously chosen as a follows: (i) a confidence level of 0.7, 
(ii) a network depth of 4 and (iii) restricting to show only the top 20 interactions [23]. 

2.3 Expression profiling of RBBP6 and its binding partners across cancer 

Microarray expression data of RBBP6 and its binding partners were downloaded from 
Gene Expression Atlas (GEA) (http://www.ebi.ac.uk/gxa/). Information regarding the 
differential  regulation of all the genes were extracted. And were used to further probe 
the implication of RBBP6 in an array of cancers.  
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2.4 GO term enrichment and functional annotation of RBBP6 and its binding 
partners 

GO term enrichment was performed to determine which functional annotations were 
associated with bot h RBBP6 a nd i ts bi nding pa rtners. B y de termining which G O 
terms were enriched for the genes, a link could be made to, their  involvement in bio-
logical p rocesses, molecular functions o r c ellular c omponents. T he in formation o b-
tained will thus give a clear understanding of the functional relatedness of RBBP6 and 
its binding partners.  

2.5 Promoter Sequence extraction  

Promoter sequences of RBBP6 and i ts binding partners were extracted from the hu-
man promoter d atabase (Cold s pring Harbour) a vailable a t ( http://rulai.cshl.edu/cgi-
bin/CSHLmpd2/hspd.pl.). The HUGO Gene Nomenclature Committee (HGNC) iden-
tifiers of the genes were used as a query to extract the promoter sequences. Promoter 
sequences flanking from 1000bp upstream and 200bp downstream were extracted for 
RBBP6 and i ts binding partners. The promoter sequences were exported in FASTA 
format for further analyses. 

2.6 Promoter Content Analysis 

The Promoter sequences extracted from the human transcription factor database were 
used as the test dataset for Transcription Factor Binding Sites (TRANSFAC) analyses 
[24]. The selected promoters were compared against the background dataset available 
in TRANSFAC which contains all known human promoters. An enrichment analysis 
of all the transcription factors present in our dataset in comparison to the background 
set was generated. Only transcription factors with a p-value of 0.05 or above associat-
ed with the prediction were selected for further analyses [24].  

2.7 De novo motif discovery 

Using t he co mmand l ine, t he p romoter p roximal r egions were ex tracted f rom t he 
promoter s equences file. L ists o f p romoter p roximal r egions were as signed as  t he 
unaligned sequences. Then the file with the unaligned sequences was used as an input 
for th e motif-based sequence an alysis t ools ( MEME) [ 25]. T he M EME r esult files 
then us ed a s i nput f or a verage motif a ffinity ( AMA) ,  G ene O ntology for M otifs 
(GOMO)  and motif comparison tool (TOMTOM) [26]. 

 

Proceedings IWBBIO 2014.  Granada 7-9 April, 2014 730



3 Results 

The STRING database search revealed protein-protein interactions between RBBP6 
and 20 proteins with a score of at least 0.7 (Figure 1). Six of these proteins are DNA-
binding proteins (SON, GTF2H3, YBX1, ZDHHC17, CIZ1 and BLZF1) and two are 
RNA-binding p roteins ( BICC1 a nd P UM2). The i nteraction ne twork a lso i ncludes 
onco-proteins (MDM2, TP53 and Rb1), cytokines (AZ12), cytokines signaling sup-
pressors (A SB5), signal tr ansduction molecules ( GNLA, G NL3L, ASAP2 an d 
TOM1L1), g rowth factor ( LTBP4) a nd t ranscription r egulators ( DMXL1 a nd 
SCYL1). 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Graphical representation of RBBP6 and i ts binding partners identified using STRING 
database version 9. Interactions are based on a  number of criteria including co-expression and 
experimental validation. 

 
Fourteen types of cancer were identified as having RBBP6 and its binding partners 

differentially regulated during the progression of the disease in comparison to normal 
conditions (Figure 2). The cancer types were ranked by assigning a v alue to each of 
the genes according to category, that is up regulated genes were assigned the value of 
2, d own r egulated genes were a ssigned t he value o f 1  a nd ge nes t hat s howed no  
change u nder the i nfluence o f eac h o f the ca ncer t ypes were as signed t he value 0 . 
These results showed highly similar expression patterns between RBBP6 and its bind-
ing partners and various cancer types. 
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Fig. 2. Expression profile of RBBP6 and its binding partners under the influence of 14 different 
types of cancer. The key represents up-regulated (red), down-regulated (purple) and genes that 
show no change in expression (blue). 

 
GO annotations were extracted for three categories namely, biological processes, 

molecular function and cellular components. Under the category ”biological process-
es” ten GO terms were enriched for both RBBP6 and its binding partners. These GO 
terms include ”cel lular co mponent o rganization”, ”cel lular p rotein metabolic p ro-
cess”, ” macromolecule modification”, ”r egulation o f cel lular co mponent o rganiza-
tion”, ”growth”, ”response to DNA damage stimuli's”, ”regulation of growth”, ”nega-
tive regulation o f apoptosis”, ”n egative regulation of cel l d eath” and ”regulation o f 
transport” .  F or t he cat egory ”cel lular co mponents” G O t erms ”i ntracellular p art”, 
”intracellular membrane bounded organelle”, ”nucleus”, ”membrane enclosed lumen” 
and ”intracellular organelle part” were enriched for both RBBP6 and its binding part-
ners. For the category ”molecular function” only three GO terms were enriched for 
both sets of genes these included ”binding”, ”protein binding” and ”nucleic acid bind-
ing”. These results are shown in Figures 3. 
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Fig. 3. Bar chart representation of GO terms enriched for RBBP6 and i ts binding partners in 
comparison t o t he e ntire human genome unde r t he c ategories: B iological pr ocesses, C ellular 
Components and Molecular Function 

 

MEME motifs are represented by position-specific probability matrices that speci-
fy t he pr obability of  e ach pos sible l etter a ppearing a t e ach pos sible pos ition i n a n 
occurrence o f t he motif. T hese ar e d isplayed as  ”s equence L OGOS”, co ntaining 
stacks of letters at each position in the motif. The total height of the stack is the ”in-
formation content” o f that position in the motif in b its. The height o f the individual 
letters in a stack is the probability of the letter at that position multiplied by the total 
information c ontent o f t he s tack. T en motifs were id entified a s b eing s ignificant 
amongst RBBP6 and its binding partners as shown in Figure 4. A similarity matrix for 
all the motifs identified for RBBP6 and its binding partners was generated and is rep-
resented in Figure 5. This matrix shows the correlation between the input genes and 
the identified motifs. 
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Fig. 4. List of identified motifs shared amongst RBBP6 and its binding partners. Where column 
1 contains the motif name, column2 contains the E- value associated with the motif  

 

 

Fig. 5. Similarity matrix for all the motifs identified for RBBP6 and its binding partners. This 
matrix shows the correlation between the the genes that were used to identify the motifs 

 

4 Discussion 

The d ata r eported i n t his p aper es tablish that the function o f g ene p roducts can  b e  
predicted by determining their association with specific genetically defined biological 
networks, us ing systems ge netics approaches an d t ools, s uch as  STRING, T ransfac 
and MEME. The generation of gene networks has  p reviously been used to predict a 
molecular interaction between RBBP6 and Pum2 via the gene network software. The 
gene transcript which is most consistently co-expressed with RBBP6 in three tissues 
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of t he BXD mouse genetic reference panel. T hat prediction was confirmed b y mo-
lecular s tudies s howing t hat Pum2 b inds t o a s pecific s equence i n t he 5 ’UTR o f 
RBBP6 mRNA to modulate RBBP6 expression [20]. The current study expands the 
use  o f generating  gene ne tworks i n a n attempt to i dentify biological networks i n 
which RBBP6 is a member, leading to the prediction of new function(s). Data derived 
using these systems  approaches suggest that RBBP6 is an important member of large 
genetically defined transcription networks in various cancers, thereby having the po-
tential t o i mpact t he e xpression of  many hun dreds of  g enes. M olecular s tudies b y 
Peidis and colleagues (2010) confirm the prediction showing that RBBP6 can indeed 
function as a transcriptional co- repressor.  

GO annotation and functional enrichment indicate that both RBBP6 and its binding 
partners  s hare commonly enriched terms across the three categories namely biologi-
cal processes, molecular function and cel lular components.  G o terms such a s nega-
tive regulation of cell death, negative regulation of apoptosis and regulation of growth 
which are commonly enriched amongst RBBP6 and its binding partners suggests that 
these genes may share an underlying regulatory mechanism. This finding shows that 
RBBP6 and its binding p artners are tightly co-expressed and validates our previous 
findings. Under the category of cellular components, GO annotations such as intracel-
lular, n ucleus, in tracellular membrane b ound o rganelle  w ere most p revalent. T his 
finding are to be expected as both RBBP6 and its binding partners are localized to the  
intracellular membrane r egion. F urthermore t he l ink b etween R BBP6, i ts b inding 
partners and the enriched biological processes hence suggest RBBP6's implication in 
disease progression.  

A t otal of  10 m otifs were i dentified a mongst t he pr omoter pr oximal r egions of  
RBBP6 and its binding partners. The associated E-value for each motif is statistically 
significant (E-value <  1 ) indicating that these motif p redictions a re hi ghly accurate.  
RBBP6 and its binding partners were used as input to create a s imilarity matrix. The 
similarity matrix p roduced showed a d irect correlation between the input genes and 
the motifs identified indicating that all the genes have a positive correlation to RBBP6 
and i ts binding partners. This result suggests a  strong l ink between co-expression of 
genes and transcriptional regulation.  T he motifs identified were seen to be involved 
in similar biological process as previously seen between RBBP6 and its binding part-
ners. T hese f indings further s uggest a  concrete l ink between co-expression, correla-
tion, transcriptional regulation and disease progression. 

Future prospects include experimentally validating the findings from the in-silico 
studies, i n p articular ge nerating c omprehensive e xpression p rofiles us ing R T-PCR. 
Although much work has been covered within the realms of this study a lot still needs 
to be done to fully understand the mechanism by which genes are regulated with re-
gard to disease progression. Furthermore  a more comprehensive look at theregulatory 
aspects of both RBBP6 and its binding partners promoters may lead to a more indepth  
understanding of the underlying mechanisms involved in controlling the progression 
of disease. Furthermore it will also allow for the further characterization of the cancer 
progression  pathway.  
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