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and Decreases Ets1 Expression. Am J Hum Genet. 2015 May 7;96(5):731­9.

There are 11,000 known genetic associations for 900 diseases, but only for a few of these is it known why the piece of

particular DNA sequence is associated with the disease. Lu and colleagues have shown that the association with

systemic lupus erythematosus may be related to a particular single small change in the DNA and that this change

influences the binding of a factor important in the inflammatory response that is only a few molecules away from the risk

variant. This is one of the many steps needed to carry genetic work from association with a piece of DNA to the genetic

mechanisms predisposing to disease, which when known will be the basis of improved therapeutics and management.

Pan W, Zhu S, Dai D, Liu Z, Li D, Li B, Gagliani N, Zheng Y, Tang Y, Weirauch MT, Chen X, Zhu W, Wang Y, Chen B, Qian

Y, Chen Y, Fang J, Herbst R, Richman L, Jallal B, Harley JB, Flavell RA, Yao Y, Shen N. Mir­125A Targets Effector
Programs to Stabilize Treg­Mediated Immune Homeostasis.Nat Commun. 2015 May 12;6:7096.

Micro­RNAs are small RNAs that decrease the expression of genes. Their existence has only been known for a few

years, but it is clear that they are very important in careful decisions that are made when a gene is expressed or

suppressed. This study shows that micro­RNA 125A is important in whether to respond by suppressing or enhancing

inflammation in the Treg type of T lymphocyte. In two different animal models genetic manipulation inactivates micro­

RNA 125A results, respectively, in more severe gastrointestinal and brain inflammation. Knowing how manipulations of

these micro­RNAs influence the course and progression of inflammatory and autoimmune disease will place us in a

position to design new therapies that are more specific and more effective than the therapies now in use.

Rydyznski C, Daniels KA, Karmele EP, Brooks TR, Mahl SE, Moran MT, Li C, Sutiwisesak R, Welsh RM, Waggoner SN.
Generation of Cellular Immune Memory and B­Cell Immunity Is Impaired by Natural Killer Cells. Nat Commun. 2015

Feb;276:6375.

Cells called Natural Killer Cells are an important defense in the immune system for cancer and infection, particularly by

viruses, intracellular bacteria, and some parasites. The group working at Cincinnati Children's under Steven Waggoner

has shown that these Natural Killer Cells also down regulate the normal immune response. This paper shows that

Natural Killer Cells act to diminish established immune responses of B lymphocytes, the cells that make

immunoglobulin antibodies. Controlling how Natural Killer Cells do this could be used to improve illnesses caused by

chronic infections and generate circumstances where some vaccines are more efficacious.

Division Publications
1.  Alexander ES, Martin LJ, Collins MH, Kottyan LC, Sucharew H, He H, Mukkada VA, Succop PA, Abonia JP, Foote H,

Eby MD, Grotjan TM, Greenler AJ, Dellon ES, Demain JG, Furuta GT, Gurian LE, Harley JB, Hopp RJ, Kagalwalla A,

Kaul A, Nadeau KC, Noel RJ, Putnam PE, von Tiehl KF, Rothenberg ME. Twin and family studies reveal strong
environmental and weaker genetic cues explaining heritability of eosinophilic esophagitis. J Allergy Clin
Immunol. 2014; 134:1084­1092 e1.
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MD, Kumar A, Prince J, Bose P, Mondal K, Ramachandran D, Bohnsack JF, Griffiths AM, Haberman Y, Essers J,
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In a study with wide-ranging impact, researchers effectively 
increased the DNA sequence binding motifs that are 

known for eukaryotic transcription factors over 10-fold, 
including doubling knowledge for human transcription 
factors. 

This new insight significantly improves predicting 
capacity for gene expression mechanisms for many disease-
mechanism problems, and essentially all of eukaryotic biology.

The study, led by Matthew Weirauch, PhD, a 
computational biologist in the Center for Autoimmune 
Genomics and Etiology, was published Sept. 11, 2014, in the 
journal Cell. The findings have enabled researchers who study 
any organism to begin to understand how genes are regulated 
on a global scale. For human disease, the study increases 
researchers’ ability to understand the function of disease-
associated genetic variants that fall in non-coding regions.
It is estimated that approximately 90 percent of disease-
associated variants are non-coding. In genomics, noncoding 
DNA sequences are components of an organism’s DNA that 
do not encode protein sequences. “Doubling our knowledge 
of human DNA sequence binding motifs essentially doubles 
our chance of figuring out which proteins these variants might 
affect the binding of,” Weirauch says. 

The center’s primary focus is the genesis of lupus and 
other immunological diseases, and to explore the mechanisms 
of disease through the complex interactions of genetics, the 
immune system and environmental factors such as stress, 
exercise and diet.

Two findings of the study surprised researchers.  “First, 
that our scheme for mapping DNA sequence binding motifs 
across organisms based on protein similarity works for most 
protein families,” says Weirauch. “Second, the fact that we 
increased knowledge of these motifs so substantially across 
all of eukaryotic life, from less than one percent to almost 40 
percent of all proteins.”

RESEARCH AND TRAINING DETAILS

Faculty 11
Joint Appointment Faculty 3
Research Fellows 8
Research Students 12
Support Personnel 31
Direct Annual Grant Support $2.3M
Direct Annual Industry Support $196,802
Peer Reviewed Publications 57

Matthew Weirauch, PhD

Novel Mapping Approach for DNA 
Sequence Binding Motifs Sharply Expands 
Library of Genetic Knowledge

Center for Autoimmune Genomics and Etiology (CAGE)

Weirauch MT, Yang A, Albu M, Cote 
AG, Montenegro-Montero A, Drewe P, 
Najafabadi HS, Lambert SA, Mann I, 
Cook K, Zheng H, Goity A, van Bakel H, 
Lozano JC, Galli M, Lewsey MG, Huang 
E, Mukherjee T, Chen X, Reece-Hoyes 
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Ecker JR, Hughes TR. Determination 
and inference of eukaryotic transcrip-
tion factor sequence specificity. Cell. 
2014;158(6):1431-1443.
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This figure is a close-up of the boxed region in the first figure. Here, motifs are shown for characterized TFs. 
Researchers noticed that motifs from the left group strongly resemble one another, as do motifs within the 
right group (as predicted by their DBD AA %ID). However, the motifs from the left and right groups are not 
related, as predicted by the fact that the DBD %ID of their TF members fall below the inference threshold 
for bZIPs. That is, there are no links between the two groups. Motifs with blue outlines were determined 
using PBMs; red outlined motifs are from the Transfac database. The findings illustrated here improve the 
understanding of gene expression mechanisms connected to disease.

In a pictorial overview of 
transcription factors (TF) 
choosing strategy and motif 
inferences, this figure shows 
the network schematic 
depicting TFs (nodes), their 
related TFs (edges with 
nodes), and their motif 
status (node color.) This 
figure depicts all 3,715 
TFs across 246 species 
that contain a single bZIP 
domain.   
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