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Abstract

The TCF7L2 transcription factor (TF) is a member of Wnt signalling pathway, and may influence 

transcription of several genes by binding to distinct regulatory regions. Genome-wide studies have 

identified thousands of TCF7L2 binding sites and have revealed some associated TF partners. 

However, there is still a large uncharted region in the hierarchical regulatory network for TCF7L2 

and the partner TFs in MCF7 cells. We analysed ChIP-seq data by searching for motifs in the 

enriched peak region based on TF-specific position weight matrix (PWM). We found association 

of FOXO1 and CAD with up-regulated genes, AP2α, PBF and AP1 with down-regulated genes. 

TCF7L2 and GATA3 were found to be associated with both up and down-regulated genes. Our 

study uncovers new TCF7L2 associated regulatory networks by mining ChIP-seq data in MCF7 

cell, which may contribute to further study of the mechanisms related to Wnt pathway in breast 

cancer or other diseases.
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1 Introduction

The TCF7L2 transcription factor (TF) is an important downstream regulator in WNT 

signalling pathway (El-Tanani et al., 2008; Shitashige et al., 2008; Grove, 2011; Segditsas 

and Tomlinson, 2006) and mediates many target genes via its interaction with CTNNB1 

(beta-catenin). Several studies have found that TCF7L2 can be either an activator or a 

repressor, depending on the availability of CTNNB1 in the nucleus (Shitashige et al., 2008; 
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Clevers, 2006; Daniels and Weis, 2005). It is now clear that TCF7L2 is linked to a variety of 

human diseases including different types of cancers, such as colon, liver, breast, and 

pancreatic cancers (Poy et al., 2001; Prokunina-Olsson et al., 2009; El-Tanani et al., 2008; 

Roose and Clevers, 1999; Slattery et al., 2008; Hazra et al., 2008; Van De Wetering et al., 

2002). In addition, alternative splicing variants in TCF7L2 genes are thought to be the most 

critical risk factors for type 2 diabetes (Cauchi and Froguel, 2008; Voight et al., 2010; Grant 

et al., 2006; Weedon, 2007). However, the underlying mechanisms and functional role of 

TCF7L2 in these diseases remains unclear. Our previous study (Frietze et al., 2012) have 

conducted ChIP-seq of TCF7L2 in six cancer cell types and found that TCF7L2 regulates its 

downstream target genes in a cell-type-specific manner, with a different set of target genes 

being turned on or off in each cell type. ChIP-seq data analysis revealed that TCF7L2 co-

localises with a pioneer factor GATA3 in MCF7 cells. The motif analysis showed that the 

TCF7L2 motif is enriched in most TCF7L2 binding sites but is not enriched in the sites 

bound by both GATA3 and TCF7L2 (Frietze et al., 2012). This indicates that GATA3 might 

tether TCF7L2 to the genome at these sites. Indeed, by comparing siTCF7L2 to siControl 

RNA-seq data we found that TCF7L2 represses transcription when tethered to the genome 

via GATA3.

Despite we have identified thousands of TCF7L2 target genes and its partnering with 

GATA3 in MCF7 cell, no work has yet been done in studying the transcriptional regulatory 

network involving both TCF7L2 and other TFs. Given the nature of the transcriptional 

regulation is usually via a hierarchical architecture, it is necessary to identify other 

partnering factors with TCF7L2 and dissect the TCF7L2 regulated network. In this study, we 

performed a computational analysis using an analytical framework (Figure 1) modified from 

our previous approach (Gu et al., 2010), to investigate the hierarchical regulatory 

information for TCF7L2 in MCF7.

2 Materials and methods

2.1 ChIP-seq data processing

In our previous study (Frietze et al., 2012), we have performed two experiment replicates for 

ChIP-seq in MCF7 cells. Since the reproducibility is very high between the replicates, we 

decided to combine the reads from both replicates and called TCF7L2 peaks by BELT 

program (http://compbio.uthscsa.edu/W-ChIPeaks/) (Lan et al., 2011). All peaks from 

amplified regions or gene desert were removed from the final list of total 30,119 TCF7L2 

binding sites.

2.2 Correlating with gene expression

We then mapped the identified binding peaks to the regulatory regions of known genes. 

There are five regions, which are 5’ TSS (±1 kb around 5’TSS), 5’ Proximal (1–10 kb 

upstream of 5’ TSS), 5’ Distal (10–100 kb upstream of 5’ TSS), genebody (1 kb downstream 

5’ TSS to the stop codon), 3’ Core (1 kb downstream of the stop codon), 3’ Proximal (1–10 

kb downstream of the stop codon), 3’ Distal (10–100 kb downstream of the stop codon). We 

selected the genes that have TCF7L2 binding peaks in these five regions, and inspected their 

gene expression.
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2.3 TCF7L2 regulatory network analysis

We applied the de novo motif discovery approach ChIPMotifs (Jin et al., 2006, 2009) to 

identify the known or novel TF partners of TCF7L2. ChIPMotifs is an online tool for 

searching the most significant motifs in given region on the genome based on the PWM of 

known factor motifs in TRANSFAC (Wingender et al., 2000) and JASPAR (Sandelin et al., 

2004) databases. ChIPMotifs was applied separately on the identified binding peaks that are 

associated with either up- or down-regulated genes, to identify cis-regulatory modules for 

human TFs based on the PWMs, where stringent thresholds, core score = 1 and PWM score 

= 0.95, were used. The detailed equation and procedure is described in Gu et al. (2010).

Among all the motifs that were discovered, certain TFs were found at a higher frequency. 

These TFs, including TCF7L2, were selected as predictor variables to construct a 

classification model for separating the specific TF set enriched in up and down-regulated 

genes. The model was built using classification and regression tree, on the commercially 

available CART software (Salford Systems, San Diego, CA). The default setting of CART 

was applied. 10-fold validation mode was selected when building the model.

Then, hub TFs were selected from the variable table output by CART, corresponding gene 

were identified, and relationships between these TFs and genes were visualised through a 

TCF7L2 regulatory network with Cytoscape (Shannon et al., 2003).

3 Results and discussion

3.1 Regulation of TCF7L2 target genes in MCF7 cells

We identified TCF7L2 binding sites through peak calling and located these identified 

TCF7L2 binding peaks to five regulatory regions of known annotated genes. Definition of 

the five regulatory regions in described in the Method section and the result of the location 

analysis is shown in Figure 2.

In order to understand how the regulatory network is mediated by TCF7L2 in MCF7 cells, 

we integrated the ChIP-seq data with gene expression data by RNA-seq analysis of MCF7 

cells before and after knockdown of TCF7L2. In our previous study (Frietze et al., 2012), we 

found that the expressions of 469 genes were significantly changed compared to cells treated 

with siRNA for TCF7L2. These included 188 down-regulated genes and 281 up-regulated 

genes. After performing the correlation of binding sites with annotated genes, 235 (50%) of 

these genes, including 60 down-regulated and 175 up-regulated genes, respectively, were 

identified to have at least one TCF7L2 binding peak. We considered all binding peaks except 

those in the gene desert regions (larger than 100 kb away from a TSS) and amplified genome 

regions. As a result, we found a total of 329 TCF7L2 binding peaks associated with 60 

down-regulated genes and 899 TCF7L2 binding peaks associated with the 175 up-regulated 

genes.

For TCF7L2 binding sites associated with down-regulated genes, a relatively small number 

of peaks were located in known 5’ transcriptional start sit (TSS) regions (8%), while a big 

portion were located within gene bodies (50%). However, although comparable percentage 

of binding sites associated with up-regulated genes fell into the known 5’TSS region (7%), 
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only 36% of the binding sites were located within gene bodies of up-regulated genes, which 

is different from that in the down-regulated genes. Overall, 37% of TCF7L2 binding peaks 

were within gene bodies, while 10% of TCF7L2 binding peaks were in known 5’TSS 

regions. Our location analysis showed that the majority of TCF7L2 binding peaks are 

outside of proximal promoter regions, suggesting that most of the TCF7L2-associated genes 

may be regulated by the long-distance interaction between TCF7L2-bound distal enhancer 

and proximal promoter regions. Nevertheless, 15% of TCF7L2 binding sites (21% of down-

regulated and 15% of up-regulated TCF7L2 binding sites) are located in the 3’ ends 

(including 3’ Core, 3’ Proximal and 3’ Distal regions). This finding might imply that some 

alternative transcripts are transcribed in the 3’ end. This could also simply due to loops 

formed with the promoters.

3.2 De novo identification of TCF7L2 binding motifs and its partner factors in MCF7

It is well established that TFs control gene expression through interacting with the DNA, but 

how exactly a single TF functions at the gene regulatory region is still far from entirely 

revealed (Ji and Sharrocks, 2015; Li et al., 2015). In fact, each TF can recruit and interact 

with a set of co-regulatory proteins or partner factors, and the consequent regulatory 

complex will bind to DNA and control gene expression. This probably explains our 

observation that the majority of TCF7L2 direct targets are not activated or repressed, as 

some important TCF7L2 partner TFs might be absent.

We did de novo search on TCF7L2 binding motifs and its partner TFs, in the TCF7L2 

binding sites identified as above. Then, we created a motif matrix with each element 

indicating the existence (or absence) of one particular TF in the regulatory region of one 

particular gene. Feeding this matrix into classification algorithm, we found several TFs 

significantly associated with the differentially expressed genes. FOXO1 and CAD were 

identified in up-regulated genes, while AP2α, PBF and AP1 were identified in down-

regulated genes. Besides, it is also found that two TF motifs, TCF7L2 and GATA3 are 

associated with both up and down-regulated genes.

3.3 Regulatory network for TCF7L2 in MCF7 cells

The resulted regulatory networks were thus constructed and topologically visualised using 

Cytoscape (Shannon et al., 2003) software platform. In the network, all the genes/TFs were 

represented as a node (red nodes as up-regulated genes, green nodes as down-regulated 

genes, and blue nodes as hub TFs, with the exception of TCF7L2 which is in yellow colour), 

and all the connections were represented as an edge between two nodes (Figure 3, Table S1).

4 Conclusion

In this study, we applied computational approaches to investigate the transcriptional 

regulation by TCF7L2 in MCF7 cells. We found that in addition to GATA3, other TFs had 

binding sites co-enriched with TCF7L2 binding sites, which indicated a close collaboration 

between TCF7L2 and those factors. Our study supports a specific regulatory network for 

TCF7L2 in MCF7 cells. The hierarchical regulatory network analysis revealed that GATA3 

is a potential TCF7L2 partner, which is consistent to our previous reports (Frietze et al., 
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2012) showing that GATA3 is serving as pioneer factors that enhance the ability of TCF7L2 

to access its sites in breast cells. We also identified 5 new Hub TFs in MCF7 cells, namely 

up-regulated FOXO1 and CAD, and down-regulated AP2α, PBF, AP1, respectively. This 

indicates these factors may play important role for TCF7L2 regulation in MCF7 cells. Our 

studies reveal new insights into TCF7L2-mediated gene regulation and suggest that 

cooperation with other factors dictates different roles for TCF7L2 in MCF7 cells. The 

computational analytical approach applied here may also provide a framework for dissecting 

transcriptional regulatory networks in breast cancer and other human diseases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Analytical framework of the computational analysis (see online version for colours)

Flow chart of the framework from raw ChIP-seq and gene expression data to the regulatory 

network.
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Figure 2. 
Location analysis of TCF7L2 binding sites (see online version for colours)

Shown is the percentage of TCF7L2 binding sites in each genomic region (according to 

hg19 RefSeq gene annotations). The regions are 5’ Distal (5_Dist_xxx as in the x-axis 

labels), 5’ Proximal (5_Prox_xxx), 5’ TSS (5_TSS_xxx), genebody (Intragenic_xxx), 3’ 

Core (3_Core_xxx), 3’ Proximal (3_Prox_xxx), and 3’ Distal (3_Dist_xxx).
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Figure 3. 
The regulatory network for TCF7L2 in MCF7 (see online version for colours)

Regulatory networks topologically visualised using Cytoscape. Up-regulated genes and 

down-regulated genes were indicated by nodes in red and green, respectively. Nodes in cyan 

represent hub TFs while TCF7L2 is indicated with yellow node. Connections between hub 

TFs and down-regulated genes were indicated with blue edges and connection between hub 

TFs and up-regulated genes were indicated with purple edges.

Wang et al. Page 10

Int J Comput Biol Drug Des. Author manuscript; available in PMC 2017 January 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	1 Introduction
	2 Materials and methods
	2.1 ChIP-seq data processing
	2.2 Correlating with gene expression
	2.3 TCF7L2 regulatory network analysis

	3 Results and discussion
	3.1 Regulation of TCF7L2 target genes in MCF7 cells
	3.2 De novo identification of TCF7L2 binding motifs and its partner factors in MCF7
	3.3 Regulatory network for TCF7L2 in MCF7 cells

	4 Conclusion
	References
	Figure 1
	Figure 2
	Figure 3

