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Unveiling Key Molecular Signatures through Meta-Analysis and Fisher's Combined Probability Test of RNA-seq Data
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ABSTRACT Fisher’s Combined Probability Test (Meta-Analysis) Method

Introduction: Metabolic dysfunction-associated steatohepatitis (MASH) presents as a complex and Figure 2. Statistical
multifactorial liver disorder characterized by inflammation, hepatocyte injury, and fibrosis, representing N results for each study
an urgent unmet medical need. Understanding the underlying genomic architecture of MASH is crucial | Fisher method
for elucidating its pathogenesis and identifying therapeutic targets. In this study, we conducted a | (A-B) a.nd (C) meta-
comprehensive meta-analysis of transcriptomics data derived from diverse murine experimental models 3 - analysis.
to dissect the molecular mechanisms governing MASH progression. A) Volcano plot for
. SRP294364.

Objective: This study seeks to integrate RNA-seq datasets to comprehensively characterize the g ) B)Correlation heatmap
molecular landscape associated with MASH. Specifically, we aim to delineate dysregulated genes and & for SRP294364
pathways associated with pathogenesis with the overarching goal of advancing the understanding of the 3 - . , '
disease and finding potential therapeutic targets. C) Fisher’s method p-

value histogram for

Methods: A systematic approach was employed to curate publicly available RNA-seq datasets from GEO, 00 o2 o4 o5  os 1o combined studies. The
ensuring stringent quality control and adherence to rigorous analytical protocols. Per-study Differential Raw p-values (meta-analysis) histogram shows anti-
Expression Analyses using DESeq2 were conducted using an established pipeline. Subsequently, Fisher’s conservative

Combined Probability Test was applied to integrate statistical evidence across datasets, facilitating the distribution

identification of molecular signatures associated with MASH.

Results: Our meta-analysis included data from 100 samples across 10 distinct murine MASH cohorts. We L LELALE(eENa (o Tg o) MET=Ta =L 010§ (Il A ELAVA ST T =T =Te R TR\ VIS R =R\ VAW o

identified 11 genes whose expressions exhibited significant correlations with crucial pathological
mechanisms including cytokine activation, lysozyme acidification, glycemic control, and insulin
resistance. Importantly, these genetic signatures were intricately linked to the clinical manifestation of

UPREGULATED GENES IDENTIFIED

the di SNl GENE NAME POSSIBLE ROLE IN MASH
< G15€a>E. ENSMUSGO0000030091 NUP210 NUp210/correlated with propression towards endostage liver disease
ENSMUSG00000062190 Lancl2 Regulator of the Akt pathway, involved in glycemic control and liver regeneration
Conclusion: The meta-analysis revealed a comprehensive understanding of the genetic landscape ENSMUSG00000033948 Zswim5 N/A
underlying MASH, shedding light on key molecular pathways driving disease progression. The ENSMUSG00000037235 Mxd4 Myc-Max-Mad network involved in glucose intolerance and liver cancer progression
identification of 11 genes associated with pivotal pathological processes underscores their potential as DOWNREGULATED GENES IDENTIFIED
therapeutic targets, offering promising avenues for the development of targeted interventions. ENSEMBL ID GENE NAME POSSIBLE ROLE IN MASH
SRR RS Atpévlgl Possible association with the developm.er.wt of MASH in mu.rlne quels through RORa-induced
lysosomal acidity and autophagic actvitiy
R ES EA RC H FI N DI N G S ENSMUSG00000046785 Epm2aipl Associated with glycogen synthase (GS). Downregulation causes hepatic insulin resistance.
ENSMUSG00000040471 Ggtb Associated with risk factors for MAFLD. Involved in the glutathione metabolic pathway
- - - - ENSMUSG00000006958 Chrd ieli in | i in mice simi
Data Cu ratlon from Pu b|IC Re pOSItorIES r Kielin/Chordin involvement that promotes liver pathology in mice similar to MASH
ENSMUSG00000098702 1500015A07Rik N/A
g Figure 1. Application of Data SRS e Extracellular expression of IL3RA1 has been I|nII<Le4d to the JAK/STAT pathway induced by IL13 and
§ ouamng ) Semwesecn > ol snapy (Voon, > pysradb Analysis Pipeline for Publicly ENSMUSG00000034120 Srsf2 Srsf2 triggers development of HCC, which also involved inflammation and fibrosis

Available Data Table 2. Identified genes of differential expression in murine MASH as compared to normal murine

. liver through meta-analysis. Key genes involved in the clinical development of the disease show a

N | The methodological framework relationship to cytokine activation, lysozyme acidification, glycemic control, autophagy, and insulin
g mh}—{wv;,p"'J—{w;':s:"g] presented encompasses pre- resistance.

processing, processing, and ) _ .

subsequent statistical analysis, Conclusions and Future Directions

with a strong emphasis on data - The meta-analysis method proved to be valuable in identifying significantly altered genes
| meme el quality control. By adhering to implicated in MASH, enhancing statistical power through the integration of diverse

stringent standards, the study independent MASH studies

ensures the reliability and - The involvement of multiple genes across various pathways implies the synergistic

validity of the results obtained
from the analysis of publicly

Exprossion Analysis P-value combination
MetaRNASeq

contribution of these pathways to liver damage.

- Pathways consistent with clinical manifestations of the disease include cytokine activation,
autophagy, insulin resistance, and glycemic control.

- Utilizing Fisher's method for Meta-Analysis of RNA-seq data could be employed in human

Murine MASH Models studies to discern clinical biomarkers and potentially uncover novel pathways across complex

per study
DESeq2

. available data.

Statistical Analysis
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SRP271805 HFHC diet (Research Diet #D12331) starting at week 8 - euthanasia: week 16 8 mOdEIS in eaCh StUdy Refe re N Ces
SRP294364 HFCD-HF/G (D12492: 60% Kcal fat, with drinking water containing 23.1 g/L 54

fructose and 18.9 g/L glucose. Start: week 9 - euthanasia: week 33 analyzed 1.Rau A, Marot G, Jaffrézic F. Differential meta-analysis of RNA-seq data from multiple studies. BMC Bioinformatics. 2014 Mar 29;15(1).
L-amino-defined high (60 keal %) fat diet with 0.1 % methionine and no added 5 For each study to be 2.Sheka AC, Adeyi O, Thompson J, Hameed B, Crawford PA, [kramuddin S. Nonalcoholic Steatohepatitis. JAMA. 2020 Mar 24;323(12):1175.

R e el e . i 3.Love MI, Huber W, Anders S. Moderated estimation of fold change and dispersion for RNA-seq data with DESeg2. Genome Biology. 2014
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drinking water containing 42 g/L glucose and fructose (55 % / 45 %, w/w)
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fructose-palmitate-cholesterol (FPC) diet (Research Diet, D17020104) with an a|y5i5, liver tissue samples 4.Yoon S, Baik B, Park T, Nam D. Powerful p-value combination methods to detect incomplete association. Scientific Reports. 2021 Mar 26;11(1).
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drinking water containing 42 g/L glucose and fructose (55 % / 45 %, w/w) . d t t t t .
SRP348024 modified ALIOS diet (Envigo, TD.170428) 36 (9 months) req uire O p resent steatosl S' CO nta Ct I nfo r m at i O n
SRP348369 NASH model (in revision) N/A ballooning and fibrosis, with

SRP367936 high fat diet (HFD) for 16 weeks to induce obesity 16 . . . .
SRP427948 DEN-ALIOS diet 10 h|StOIOg|Ca I |y Confl rmEd ;)/LC[EOSr'tﬁSCej;?:de

Western Diet (WD) containing 21.1% fat, 41% Sucrose, and 1.25% Cholesterol by . . o . .
weight (Teklad diets, TD. 120528) and a high sugar solution (23.1g/L d-fructose sam ples In the Orlgl nal StUdy' University of Maryland,
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(Sigma-Aldrich, 289116-100ML) of 0.2 ul (0.32 pg)/g or corn oil injected intra- ’ .
. ly once/week victor.andrade@umaryland.edu
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