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We hypothesize that the downregulation of histone 
genes H2AC21 and H2AC11 in TECs contributes to 
decreased TEC proliferation and lower T cell 
maturation rates, accelerating thymic involution. 

Aim 1: We expect to observe reduced thymic 
epithelial cell proliferation.
Aim 2: We expect to observe reduced proliferation 
of TECs, and as a result, lower rates of maturation 
for naive T cells.
Aim 3: We expect to see the downregulated 
expression of CDK1 & CDC25, as well as lower 
levels of CDK1 & CDC25 proteins in TECs.
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The thymus is a primary lymphoid organ that 
plays an important role in T cell maturation 
and adaptive immune system function. 
Over time, the structure and function of the 
thymus degrades in a process known as 
thymic involution, resulting in a decreased 
output of naive T lymphocytes. Involution can 
be accelerated by numerous stressors, many 
of which are associated with spaceflight. 
Moreover, as Thymic Epithelial Cells (TECs) are 
crucial to regulating thymopoiesis, it is 
imperative to understand the complications 
associated with aberrant TEC proliferation, 
especially under spaceflight conditions. 

SIGNIFICANT GENES
In examining Gene Set Enrichment Analysis of 
downregulated genes in the microgravity group 
(Figure 5) of the GLDS-289 study, we noticed many 
genes involved in cell cycle progression pathways, 
especially the G2-M checkpoint and mitosis.

PATHWAY ANALYSIS
Literature strongly suggests that CDC25 isoforms 
regulate the Cyclin B/CDK1 complex, which is 
necessary to trigger mitosis as shown in Figure 7. 
Inhibition of CDC25 isoforms leads to cell cycle 
arrest, as the cyclin B/CDK1 complex remains inactive.

In Figure 3, blue dots 
represent significantly  
downregulated genes 
and red dots represent 
significantly upregulated 
genes. We noted the 
down-regulation of 
histone genes and the 
upregulation of stress 
response genes.

In Figure 4, we took note 
of the overexpression of 
nucleosomes/packaged 
DNA as it related to 
histones. We also noted 
overexpression of genes 
in the immune response 
and immune system 
process pathways.

Our research investigates GLDS-289, a study 
conducted by the Japanese Aerospace 
Exploration Agency (JAXA). Over two missions 
(MHU1 and MHU2), the team measured 
thymic weight and thymus/bodyweight ratio 
of mice in three experimental groups: ground 
control, microgravity, and artificial gravity as 
shown in Figure 1. Thymic atrophy was 
significantly present in the microgravity 
group, indicating reduced thymic epithelial 
cell proliferation.

Literature review allowed for a more in-depth 
understanding of histones and cyclins. Cyclin 
and histone interactions are crucial for 
normal cell cycle function. The expression of 
histone genes at the G1/S phase transition in 
the cell cycle is induced by cyclin-mediated 
phosphorylation of a scaffolding protein as 
seen in Figure 2.

Günesdogan et al. (2014) investigated the relationship 
between histones and cell cycle progression using 
Drosophila embryos lacking histone genes (HistC). The 
study concluded that downregulation of histone 
genes prevents activation of the ATR/Chk checkpoint 
(Figure 8), which induces cell cycle arrest at the G2 
checkpoint, and consequently, decreases cell 
proliferation.

The following heatmaps of histone gene expression 
(Figure 6) in both missions for all three experimental 
groups- Ground Control, Microgravity, and Artificial 
Gravity- show significant downregulation of 
histones in the microgravity group alone.
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Figure 1: Thymic weight and ratio of thymic weight to body weight of 
ground control (GC), microgravity (MG), and artificial gravity (AG) mice.

Figure 2: Cyclin involvement in the cell cycle.

Figure 3: Team-generated Volcano plot. Figure 4: Team-generated GoSeq plot. 

Figure 5: Team-generated Gene Set Enrichment Analysis (GSEA) of significantly 
downregulated genes microgravity (MG) versus ground control (GC) mice.

Figure 6: Heatmap of Histone gene expression in mice 
form both GLDS missions.

Figure 7: CDC25, Cyclin B, and CDK1 in cell cycle progression.
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