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Background 

Methods 

Conclusion 

Promoters and enhancers are specific regulatory regions within DNA that 

control the initiation of transcription and help increase or enhance transcription. 

Because there are no defined, set descriptions where these regions must be 

positioned on the genome, regulatory studies can be difficult. 

 

Advances through computational methods are helpful and essential for 

identifying and understanding these regions by using algorithms and models. R 

packages such as DESeq2 can create linear models based on how samples are 

distributed between groups and what the differences are between groups. 

Database for Annotation, Visualization and Integrated Discovery (DAVID) is an 

annotation tool to describe the functional relationships between a list genes.  

 

Our goal is to identify regulatory dysfunction within Waldenstrom’s 

Macroglobulinema (WM) patients using the described tools and methods. 

Based on these findings, there is evidence of a targeted regulatory region 

between CEBPD and PRKDC, LTBP1, and SUGP2 and TMEM161A based 

on the mutational density. There is a relationship between NFkB and CEBPD 

that shows a coherent feed-forward type I regulatory circuit controlling NFkB 

activation and TLR-4 stimulation (Litvak et al. Nat Immunol 2009). PRKDC is 

a serine/threonine-protein kinase that acts as a molecular sensor for DNA 

damage and is involved with DNA strand repair and V(D)J recombination. 

LTBP1 is a key regulator of transforming growth factor beta that controls 

TGF-beta activation by maintaining it in a latent state during storage in the 

extracellular space. TGF-beta is known to activate NfkB (Gingery et al. Exp 

Cell Res 2008). SUGP2 plays a role in mRNA splicing and TMEM161A 

protects against oxidant-induced DNA damage and apoptosis, showing that 

there is possible regulation with DNA repair and mRNA splicing.  

 

DAVID results show evidence for regulation of pathways seen within the WM 

disease. Example annotation terms include positive regulation of Wnt 

signaling pathway, positive regulation of ERK cascade, MYD88 receptor 

signaling pathway, and NOTCH signaling pathway. 

 

Looking at mutational densities along the whole genome is a promising 

method for finding regulatory regions of interest. 

 

Whole genome sequencing (WGS) data was analyzed for 54 WM patients to 

identify mutational densities found within the regulatory regions. A R script was 

written to scan across the whole genome using a 200 nucleotide window around 

each nucleotide and to calculate the total number of mutations seen within this 

window. Regions with total mutation counts > 7 (the top 2.5 percentile) were 

used to identify specific areas with normally high histone activity. Differential 

gene expression analysis was performed on the affected and unaffected region 

patient groups using DESeq2. Differentially expressed genes were identified with 

an absolute log2 fold change > 1 and adjusted p-value < 0.05. DAVID was used 

to identify gene functional annotation classification and clustering on the gene 

expression results.  

 

Results 

Regions with mutational counts > 7 (red line) are the top 2.5% of all mutations within the 

WGS data.  

Figure 1. Mutations were found in 24.07% (n=13) of WM patients within the intergenic 

space between genes CCAAT/enhancer-binding protein delta (CEBPD) and 

DNA-dependent protein kinase catalytic subunit (PRKDC) with 357 

differentially expressed genes, 0.04% (n=2) of WM patients with mutations in 

the intronic region in Latent-transforming growth factor beta-binding protein 1 

(LTBP1) with 286 differentially expressed genes, and 0.06% (n=3) of WM 

patients with intergenic mutations found between SURP and G-patch 

domain-containing 2 (SUGP2) and Transmembrane 161A (TMEM161A) with 

906 differentially expressed genes.  

 

There is a log2 fold change of 0.481 and -0.549 in transcript per million 

(TPM) expression levels between affected and unaffected patients for 

CEBPD and PRKDC, respectively, log2 fold change of 0.077 for LTBP1, and 

a log2 fold change of 1.760 and 0.302 for SUGP2 and TMEM161A, 

respectively.   
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To validate our mutational density algorithm, Figure 1 shows large peaks for 

immunoglobulin genes (IGKC, IGHJ5, and IGLL5) and B-cell lymphoma 6 (BCL6) 

were observed showing somatic hypermutations previously reported in these 

locations (Teng et al. Annu Rev Genet 2007, Iqbal et al. Leukemia 2007). 

Mutational peaks were also identified for Myeloid differentiation primary response 

88 (MYD88) and C-X-C chemokine receptor type 4 (CXCR4), the two most 

frequently mutated genes within WM.  

Figure 2. 

Results from DAVID (Figure 2) shows the functional annotation terms closely associated 

with studies in WM disease, such as NF-kappaB signaling, MYD88 signaling pathway, and 

ERK pathway cascade. Green shows positive matches for the DAVID terms and black 

does not show a relationship.  
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