
Transcriptomic Mechanisms of Microgravity-Induced Renal Sodium Retention

Proposed Experiments
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Transcriptomics Analysis & Results

Metadata Analysis

● As the 2nd most metabolically active organ, the kidney is central to 

understanding organisms’ adaptations to extreme environments 

such as spaceflight.

● Cephalad fluid shift 

contributes to spaceflight-

related conditions including 

SANS, Orthostatic 

intolerance after re-entry, 

Reduced renal perfusion 

(blood flow to the kidneys).[1]

● Over prolonged exposure to

 micro(μ)gravity, plasma 

volume decreases, and the 

body reduces signals that normally promote sodium excretion.

Introduction

● Development of a novel, aldosterone-independent mechanism of 

fluid regulation mediated by local renal lipid signaling.

● Future work will experimentally test & identify potential therapeutic 

targets for spaceflight-induced fluid shifts and related disorders.

Figure 1: Long duration spaceflight → 
increased sodium reabsorption → increased 
cumulative sodium balance.[2]

Spaceflight conditions
● NASA OSDR OSD-513[3] collected as part of 

RR-23 payload by SpX-21 mission
● Male mice (C57BL/6J wild type), ~16-17 

weeks in age (Kidneys at this age are 
fully mature but not yet affected by 
aging-related decline)

● Launched into space (n=10) or 
maintained as ground controls (n=10) 
under identical conditions. 

Figure 2: Rodent Flight Hardware, 
as used on the OSD-513[3] 

spaceflight group and control 
group.

Significance & Future Direction

Figure 8: Selected Upregulated Genes’ Relevance [5][6]

Family Relevance Genes

Cytochrome pathway: • Accelerated production of 20-HETE. Cyp4a14, Cyp2b10, Cyp2d10 

UDP-glucuronosyltransf-
erase pathway:

• Glucuronidation enzymes→ makes 
molecules more excretable.

• Prevents buildup of AA metabolites. Ugt1a9,                          Ugt1a10

Gstp3 (Glutathione 
S-transferase pi 3)

Neutralizes reactive oxygen made during 
AA oxidation & eicosanoid synthesis.

Gstp3

Arachidonate 
12-lipoxygenase, 12R-type

Oxygenates AA, producing 12(R)-HpETE, 
indirectly reducing 20-HETE production.

Alox12b

● Rodent Flight Hardware with 12h light/12h dark (to mimic standard 
circadian cycle) 

● Ad libitum food schedule with Nutrient Upgraded Rodent Food Bars.

RNA collection and sequencing
● 38 days in space → mice returned to Earth alive → euthanized by 

bilateral thoracotomy with sedation → kidney tissue collected.
● Post-tissue collection: each left kidney immersed in RNALater for 24 

hours at 4˚C → RNA extracted and stored at -80 ˚C → left kidneys 
sequenced.

● Raw FASTQ files run through quality control, trimmed, and aligned 
to the reference genome prior to quantification of gene counts.

Evidence Ladder

Figure 7: Nodal network of proteins representing 
interactions between products of DEG.[5]

Figure 10: Full AA Metabolism Pathway, generated by QuickGo’s 
KEGG, with the dataset’s DEG in red, contextualizing gene-level 
changes within the broader metabolic pathway.[4] 

Figure 6: Volcano plot prioritizing genes for pathway 
enrichment and biological interpretation.

Differential Gene Expression (DEG) Analysis
● Jupyter notebook DGEA (Python’s implementation of DESeq2)
● PCA and Volcano plots (to visualize differential gene expression) 
● ShinyGo’s KEGG analysis, DAVID, STRING (to evaluate enriched 

pathways and identify protein function)

Confirmed Mechanisms
● PPAR signaling (Ces1g, Lrat, Nr4a3, Hmgcs2, Apoa1, Fabp1, Cyp4a14)
● Altered metabolic/mitochondrial capacity, indicating reduced active 

transport of Na+ (Cox6a2, Hmgcs2, Mat1a, Eif4ebp3, Bhmt)

Ayma Rizwan - Terre Haute South Vigo High School, Terre Haute, IN.

Figure 9: Simplification of Cytochrome P450 (CYP450) arachidonic acid metabolism pathway[7] (by Ayma).

Figure 5: PCA Plot depicting distinctive expression 
patterns between the spaceflight (in blue) and 
ground control (in red), proving μgravity effect on 
mice gene expression is statistically strong enough 
to separate samples by condition.

Kidneys experience 
fluid retention 
in μgravity.[2]

Cyp and Ugt Genes 
expressed more.

Elimination of 
20-HETE is 

accelerated.

Sodium 
reabsorption 
increases in 

kidney.[8]

Figure 11: Depiction of central hypothesis’ line of reasoning (by Ayma).

Cyp4A14  and Ugt1a10 
proteins.[6]

Is altered 20-HETE metabolism a mechanism of sodium retention in 
microgravity by way of upregulation of Cyp and Ugt genes (1), and 

can it be modulated pharmacologically (2)?

Samples & TestingCondition
Independe-
nt Variable

Predicted relative 
sodium excretion

•Days 1, 7, 15, 30: Urine sample from 
metabolic cage & renal vein blood sample 
through kidney biopsy.

•Each sample tested for 20-HETE 
concentration & sodium concentration.

•Blood tested for renin, aldosterone, and 
vasopressin to test if how hormonally driven 
this mechanism is. Urine also tested for K+.

•To confirm changes aren’t due to kidney 
damage, measure blood urea nitrogen and 
creatinine in blood, AND creatinine in urine for 
normalization (Using colorimetric assays)

Placebo 
(Control)

Placebo

Gemfibrozil

Gemfibrozil

Ion-selective electrode (ISE) 
Urine: [Na+] & [K+] measured
Blood: [K+] measured

1

7

15

30

Urine/
Blood 

sample

GCMS
Measures
[20-HETE] & 
metabolites

Separate cortex from 
medulla

RT-PCR
 

& qPCR

RT-qPCR (Quantitative reverse transcription 
polymerase chain reaction)

Quantifies mRNA of Cyp4A and Ugt1A in sample, 
indicating how much of the enzyme is expressed. 

Post-Kidney Biopsy, and Post-Euthanasia

Urine/
Blood 

sample

ELISA Enzyme-linked Immunosorbent Assay

Measures aldosterone & possibly other 
hormones

Blood 
sample

Tissues

Level 1 (Known) 
Established 
Physiology

Astronauts exhibit 
sodium retention, 

cephalad fluid shift, and 
reduced plasma volume 

in microgravity, each 

well-established in studies.

Level 2 (Observed)
Transcriptomic 

Evidence (this data)

Upregulation of AA 
metabolism genes

(CYP4A14, UGT1A family, 
GSTP3, ALOX12B)

→ Indicates altered renal 
lipid/eicosanoid 

metabolism

Level 3 (Proposed)
Mechanistic 
Hypothesis

Altered 
synthesis/metabolism of 

eicosanoids, including 
20-HETE → Hypothesis:
Microgravity shifts AA 

metabolism toward 
increased clearance of 

20-HETE

Level 4 (Context)
Functional 

Interpretation

20-HETE is known to 
Inhibit sodium 

reabsorption in renal 
tubules.

Therefore:
↓ 20-HETE signaling may 

permit increased Na+ 
reabsorption.

Level 5 (Future) 
Experimental 

Validation

Proposed tests to 
validate lower levels of 

evidence: 
•Quantify 20-HETE and 
metabolites (LC-MS)
•Inhibit UGT pathway
•Measure urinary 
sodium excretion and 
transporter activity

increasing scientific confidence

ln
cR

N
A

 

co
d

in
g

p
ro

c
p

se
u

d
o

TE
C

m
iR

N
A

u
n

p
ro

c
p

se
u

d
o

sn
o

R
N

A

sn
R

N
A

tr
an

sc
ri

b
ed

 
u

n
o

c 
p

se
u

d
o

tr
an

sc
ri

b
ed

 
p

ro
 p

se
u

d
o

Distribution by gene type
Chi-squared test P=2.85E-24

n
u

m
b

er
 o

f 
ge

n
es

Figure 3: DEG show significant enrichment for 
protein-coding transcripts (p = 2.85 × 10⁻²⁴), 
supporting the biological relevance of 
pathway-level findings and indicating that results 
are not driven by nonfunctional or predicted 
genes.[4]

Figure 4: Genes are distributed across 
chromosomes with no significant 
clustering (p = 0.2), indicating no 
locus-specific bias in expression 
changes.[4]

glomerulus: 20-HETE plays a 
renoprotective role ← reducing 
glomerular capillary pressure

pt & thick ascending 
limb: 20-HETE 
inhibits NKCC2 
(Na+-K+-2Cl- 
cotransporter) activity

pt: 20-HETE promotes the 
internalization of sodium-hydrogen 
exchanger 3 (NHE3) → limiting Na+ 
reabsorption.

pt: 20-HETE causes 
PKC-mediated phosphorylation 
of the Na+-K+-ATPase subunit → 
reducing its activity → 
natriuresis (salt excretion).

Figure 12: Bodily functions of 
20-HETE.[9]
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