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Methods

Results
Gene Expression Profiling

❖ The differential search option in the Allen Brain Atlas 
(http://www.brain-map.org) was used to track gene expression in the 
hypothalamus in contrast to gray matter for four different donor brains: 
H0351.1009, H0351.1012, H0351.1016, H0351.2002 

❖ Venny 2.1.0 (http://bioinfogp.cnb.csic.es/tools/venny/)  was used to compare the 
gene lists from the four chosen brain donors to identify genes that are 
common and different across each donor. 

❖ Python Anywhere (https://www.pythonanywhere.com), an online programming 
tool, was used to obtain statistics for the gene expression data. 

❖ DAVID (https://david.ncifcrf.gov) was used to sort common and uncommon 
genes by using gene ontology classification, enrichment analysis and 
clustering.

❖ The STRING database (http://string-db.org) was used to find candidate genes 
relating to REM Disorder and Circadian rhythms. Networks were created based 
on physical interactions.

❖ NCBI (http://www.ncbi.nlm.nih.gov/gene) was used to obtain additional 
functional information for the relevant genes. 
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Gene Classification

➢ The Hypothalamus (HTH) is a sector of the brain that is correlated 
with the sleep/wake cycle, maintaining balance inside the body, 
producing and releasing hormones, and linking the nervous and 
endocrine system

➢ The Sleep Cycle includes four stages and Rapid Eye Movement sleep 
(REM), where we spend about 20% of our sleep.

➢ Rapid Eye Movement Behavior Disorder (RBD) causes acting out, 
moving, and even talking out dreams during REM sleep.

➢ In this project, we profile gene expression data from the 
hypothalamus of 4 human brains, identify genes of interest, and 
use these to find additional candidate genes.

Among the four 
donors, there are 101 
(22.4%) common 
genes found in the 
hypothalamus 

The heat map displays gene expression patterns in the hypothalamus 
relative to gray matter. The small varying columns at the top represent the 
tested four donors: H0351.1009, H0351.1012, H0351.1016, H0351.2002. The 
colored sections below the different donors display sub regions of the 
hypothalamus. Red areas of the heatmap denotes gene expression greater 
than control, green regions indicate under representation, and for sections 
that are black, expression is equal. The anterior hypothalamic, mammillary, 
and tuberal regions of the hypothalamus display a high concentration and 
conservation of highly expressed genes.

The means for donors 1, 2, and 4 are comparable. For donor 
3, the mean is ~ 25 % greater. The standard deviation (std) for 
donor 3 is also high as compared to the other donors. 
However, the std for each of the donors is close to the mean 
indicating a large spread in the data. On the right of the 
statistics table, the histogram for donor 1 has a right skewed 
distribution. Few genes have high fold change values whereas 
most fall in the lower range. This was the case for the other 
donors as well.

Among the 20 most highly expressed genes of the 

hypothalamus across four donors, 14 of these are shared 

between the donors (HDC, OTP, OXT, SIM1, PMCH, PMCHL2, 

DIRAS3, ARHGAP36, NTS, ECEL1, ISL1, FEZF1, ATXN3, TRH). 
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Gene ontology classification filtered the common gene list and 
found genes of interest relating to sleep, circadian rhythm, and 
specifically REM sleep.  These genes were used in a subsequent 
network analysis to identify additional candidates (PTGER3, 
GHRH, OXT, TH, PMCH) that may be involved in the sleep 
pathways.

Conclusions
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GHRL/GHRH/GHRHR: Non-REM 
sleep, regulation of circadian 
sleep/wake cycle
DPP4: Behavioral fear response, 
psychomotor,
 locomotory exploration
FAP: Cell adhesion

OXT/OXTR: Calcium/hormonal 
signaling, 
ESR2: Estrogen signaling
PREP: Renin–angiotensin system 
(hormone regulation), 
TXND17: Cytokine/inflammation 
regulation

TH: sleep/wake cycle, learning & 
memory, locomotory, feeding, 
mating/social behavior, 
SNCA: Alzheimer’s, Parkinson’s, 
RPS6KA5: Circadian 
entrainment,
MAPK1/3: Alzheimer’s, Prion 
disease

PTGER3 GHRH
TH OXT

★ Network analysis based on physical interactions for the genes associated with REM sleep 
behavior and Circadian rhythm have themes in signaling and hormonal regulation. 

★ The TH network is the largest and has a high degree of interconnectivity compared to the 
others. 

★ These genes (MAPKAP2, YWHAZ, PRKACA, YWHAG, YWHAZ, TH, CDK11B, YWHAG) mainly link 
to cell cycle and signaling. Several are also associated with neurological disorders such as 
Prion disease, Conduct disorder/ADHD and Segawa syndrome, a genetic disorder with 
Parkinson-like symptoms.

★ Of the candidate genes, one of the more interesting for further study is DPP4, which occurs in 
the REM sleep behavior network.  

★ DPP4 is linked to  psychomotor and locomotory exploration. During a normal sleep cycle, 
motor responses shutdown to prevent physical movement, supporting a role for DPP4 in this 
disorder which includes movement and speech during REM sleep.
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PTGER1/3: G-protein/ 
calcium signaling 
pathway
MKLNI: Cell adhesion 
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