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Importance and Overview
Down syndrome (DS), also known as Trisomy 21 (T21), is the most prevalent chromosomal 

disorder in human beings1. Caused by the triplication of chromosome 21, DS can be characterized by 
its significant range of co-occurring conditions, including congenital heart defects, neurodegenerative 
diseases like Alzheimer’s Disease, sleep apnea, and autoimmune diseases2(Figure 1). While individuals 
with DS experience different co-occurring conditions with ranging severities, each of these comorbidities 
significantly impacts the quality of life for those with DS. Current DS research hypothesizes that increased 
inflammation drives presentation of co-occurring conditions, but particular mechanisms have yet to be fully 
understood. 

Figure 1. DS comorbidity schematic. Graphical visualization of molecular interplay between Trisomy 21 and 
associated co-occurring conditions. Created in BioRender. Perrin, I. (2026) https://BioRender.com/np7y8c6

In attempts to further understand the interplay between heightened, chronic inflammation experienced 
by individuals with DS and the comorbidities they face, this research explores the role of interferon-gamma 
(IFNg), a pro-inflammatory cytokine, and the broader DS immune response. Specifically, by exploring 
transcriptional regulation in the face of IFNg, one can investigate how increased inflammation may be 
leading to the unique spectrum of co-occurring diseases seen in those with Trisomy 21. 

Because IFNg is encoded on chromosome 21, when the triplication of the chromosome occurs, 
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individuals have three copies of the IFNg receptor. Current research highlights that when these cell surface 
receptors are increased in blood cells, more inflammation occurs in DS individuals3. Additionally, previous 
research has been done to better understand how gene expression regulation has underscored how DS 
cells differ in their responses when they are stimulated with IFNg4. However, there is little work done at 
the molecular level to investigate gene expression regulation differences. This project, therefore, focuses 
on exploring the molecular underpinnings of the complex immune processes that individuals with DS 
experience in order to contribute to research exploring clinical therapies.

As part of our immune response, when cells face a pathogenic threat, they release the inflammatory 
signaling molecule IFNg to begin pro-inflammatory responses throughout the body (Figure 2). To 
understand how this inflammation contributes to co-occurring diseases in DS, it’s crucial to learn how DS 
transcriptional regulation differs compared to responses seen in those without DS.

Figure 2. IFNg-mediated signaling pathway.  As part of pathogen recognition, Type II (IFNg) interferons 
bind at the cell surface, triggering a kinase cascade that promotes a pro-inflammatory response. Created in 
BioRender. Perrin, I. (2026) https://BioRender.com/s8g8743

Results 
Utilizing previously collected PRO-Seq (Precision Run-On Sequencing) data, which captures an 

intermediate transcriptional response and allows one to analyze the direct transcriptional outcomes of 
perturbations5, a comparison of the regulation of DS (T21) and non-DS (D21) cells treated with IFNg can 
be established. This is crucial for understanding both how DS and non-DS cells differentially alter their 
responses to IFNg, a proxy for observing how cells adapt to pathogen encounter, as well as the molecules 
that orchestrate this adaptation. PRO-Seq data was collected from D21 and T21 cells at 45 minutes following 
perturbation with and without IFNg. By collecting nascent RNA transcripts, those that are produced by 
RNA Polymerase II, which is actively transcribing along a portion of DNA, patterns of transcription can 
be established (Fig. 1A). PRO-Seq data highlights how many sequencing reads are aligned to a particular 
gene, which is directly related to how extensively that gene is being transcribed. The samples collected 
were consistently high quality, as indicated by distributions of read counts and reproducible signal across 
interferon genes (Fig. 1B). Additionally, these genes can indicate transcriptional differences between D21 and 
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T21 individuals and between conditions. IRF4, a transcription factor (TF) with a hallmark role in the IFN 
pathway, highlights the changing intensity of active transcription across samples: D21 (blue) and T21 (green) 
are both expressing this TF, but expression is higher in the T21 cells, allowing IRF4 to act as a positive 
control for the experiment (Fig. 3C). Lighter shades of both blue and green indicate control conditions 
while darker shades show IFNg perturbation. In the case of this TF, there does not seem to be a change in its 
transcriptional output in response to IFNg.

Figure 3. PRO-Seq Collection and Visualization. (A) Schematic of cell treatment and collection of PRO-Seq 
data. Created in BioRender. Perrin, I. (2026) https://BioRender.com/okmbb41 (B) Distribution of counts 
across samples (T21 vs. D21) and conditions (vehicle vs. IFNg treatment). (C) Annotations for TF IRF4 
through Integrative Genomics Viewer (IGV) comparing samples (T21 vs. D21) and conditions (vehicle vs. 
IFNg treatment after 45 minutes).

DESeq2, which examines gene production changes across conditions, was then run to analyze the 
differential gene expression occurring between T21 and D21 individuals and between treatment groups. 
Hallmark IFN pathway genes, such as IRF1 and GBP5, act as controls, highlighting the IFN pathway’s 
activation after IFNg treatment (Fig. 4A,B). Further labeling of the most significant genes (p-adjust < .05) 
indicates differences in changes in gene expression between T21 and D21 individuals (Fig. 4C,D). More 
differentially expressed genes in the IFNg pathway are also significant in T21 individuals, indicating 
that different genes are differentially expressed in T21 as compared to D21 individuals. GSEA (Gene Set 
Enrichment Analysis) and GO (Gene Ontology) pathway analysis were utilized to explore pathway-specific 
changes, allowing for the comparison between the T21 and D21 responses at the transcriptional level. 
Pathways involved in the interferon response were enriched in both T21 and D21 individuals, with important 
distinctions including Notch, Complement, and Apoptosis signaling pathways in T21 individuals (Figure 5).



4 | Honors Journal 2026

Figure 4. DESeq2 reveals T21 and D21 differentially expressed genes following IFNg perturbation. (A, B) DESeq2 
results show differentially expressed genes ( p-adjust < .05) in D21 and T21 individuals. (C, D) Differentially 
expressed genes (from DESeq2 results) in the IFNg pathway (from GSEA results) that are also significantly 
upregulated. Colored by significance (p-adjust < .05) in D21 and T21 individuals.

Figure 5. GO and GSEA analyses underscore pathway-specific trends. (A, B) GO (Gene Ontology) pathway 
analysis results for D21 and T21 individuals. (C, D) GSEA results for D21 and T21 individuals, colored by 
p-adjust.

Conclusions & Future Experiments 
While individuals with DS and those without share many pathways in response to IFNg, such 

as those that involve inflammation, distinct genes were contributing to these differences. These genes 
were largely inflammatory genes, which supports the hypothesis that there is a change in transcriptional 
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regulation in response to IFNg that is producing the spectrum of phenotypic manifestations. Additionally, 
there were two pathways only heavily increased in DS: the complement pathway and the Notch pathway. 
The complement pathway is a key player in the immune system’s defense: small proteins will coat a 
bacterium so that other immune cells like macrophages can engulf and destroy the bacteria6. The Notch 
pathway is an essential developmental pathway, which may mean that there is interplay between cell 
development pathways and this IFN pathway7. 

While this research highlights the differential response T21 and D21 individuals have to IFNg 
perturbation at a single point in time, collecting PRO-Seq data at several time points would better allow 
for the analysis of the evolution of the IFN response over time. Additionally, TFEA (Transcription Factor 
Enrichment Analysis) can measure TF activity and will be crucial in further examining TF-dependent 
regulation that cells utilize. Finally, to observe downstream changes in transcription of IFNg-related genes, 
analysis of PRO-Seq data that involves T21 and D21 cells being perturbed by IFNg as well as Cortistatin A ( 
which interrupts the signaling cascade IFN begins in the cell) will be completed. By utilizing Cortistatin A 
to perturb this pathway, we seek to learn how a variety of transcriptional factors are involved in eliciting an 
immune response related to Down Syndrome, which may reveal the mechanisms that provide the unique 
array of comorbidities seen in those with Trisomy 21. 
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