
Results 
To identify miRNAs associated in NAFLD circulating miRNAs, a total 101 samples including 
samples from healthy donors, used as control, were sequenced. A functional analysis was 
conducted on differentially expressed miRNAs in NAFLD patients using the CROSEED 
algorithm, a computational pipeline designed to identify plant miRNAs that could bind AGO2, 
based on structural and sequence affinity, and mimick the function of endogenous human 
miRNAs competing for the same target sites on human mRNAs. CROSEED evaluates miRNAs 
by comparing four specific miRNA regions2. In the first analytical step, the pipeline assigns 
high scores to plant miRNAs extracted from PmiREN2.03 demonstrating:
Perfect nucleotide identity with human miRNAs in the critical regions (g2-g8 and g14-g16). 
Lesser molecular constraints for the g9-g12 region. In addition, the pipeline assigns an 
increased score for alignments exhibiting long, unpaired 3' nucleotide tails a hallmark of 
isomiRs known to enhance RISC complex stability. In a subsequent step, the pipeline queries 
the specialized databases miRTarBase4 and KEGG5 to identify target genes and reconstruct 
metabolic pathways potentially involved in trans-kingdom regulation. Specifically, 
miRTarBase is an experimentally validated database that provides a list of probable target 
genes for the selected plant miRNA.

Fig..1 Crossed pipeline architecture. The analytical pipeline is implemented using Perl and 
MySQL and comprises four sequential phases: 
The initial phase establishes a centralized data warehouse to integrate and harmonize 
information sourced from six distinct, specialized databases. The second and third phases are 
dedicated to comparative analyses focused on the identification in plant of miRNA  functional 
analogues to human miRNA. The final step involves functional analysis with a dual focus: 
identifying target human genes involved in cross-kingdom activity and reconstructing their 
associated metabolic networks

Differential expression of the small-RNAseq data identified a total of 1.650 circulating miRNAs in NAFLD patients and among them 47 were upregulated and 
51 downregulated. Subsequent functional annotation indicated that upregulated miRNAs can regulate genes associated to metabolic pathways, while 
downregulated miRNAs can regulate genes involved in ascorbate and aldarate metabolism, pathways described to exerts beneficial effects on NAFLD. 
Than, the 51 miRNAs downregulated in NAFLD were analyzed, using the CROSEED pipeline, to identify plant miRNAs with potential cross-kingdom 
regulatory activity in NAFLD and present vegetables belonging to Mediterranean diet. Results revealed functional homology between 6 plant miRNAs and 2 
members of the let-7 family  - hsa-let-7b/c-5p - found down-regulated in NAFLD6,7. The 6 miRNAs are: bra-miR162-5p, hvu-miR6186, osa-miR5526, stu-
miR162a-5p, stu-miR162b-5p, and tae-miR9661-5p and are present in Brassica rapa, Hordeum vulgare, Oryza sativa, Solanum, all vegetables present in 
tha Mediterranea diet. Subsequent CROSEED analyses leveraging miRTarBase indicates that 4 human genes as possible target of these plant-miRNA. 
These genes - AKT2, BCL2L1 (BCL-XL), CYP2J2, HRAS - are known to be up-regulated in hepatic steatosis and disease progression, making them ideal 
targets for a cross-kingdom action exert by identified plant miRNAs.
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Background
Plant microRNAs (miRNAs) may influence gene expression in organisms from different kingdoms, including humans in a mechanism known as “cross-
kingdom” regulation1. These miRNAs -even when food ingested- can resist to the digestive process and can be incorporated into the human RISC complex 
modulating different molecular pathways involved in several diseases. 
We analysed circulating miRNA in patients affected by NAFLD (Nonalcoholic Fatty Liver Disease), a chronic disease increasingly worldwide considered an 
ederly disease. Its peak is between 40─50 years of age in males and 60─69 years in females. The sequence analysis allowed us to identify miRNA
specifically downregulated in NAFLD. These miRNAs were futher analysed using an advanced computational bioinformatic to identify bioactive plant
miRNAs (or xenomiRs) with potential cross-kingdom regulatory activity.

Conclusion
CROSEED analysis suggests that plant miRNAs food-ingested 
can regulate expression of human genes involved in NALFD. 
Selected plant-miRNAs could be used to modulate the 
expression of target genes and analyse their efficacy in the 
disease progression. 
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Fig. 2. Schematic figure showing plant-miRNA uptake and cross-kingdom regulation of human gene expression.

Control of NAFLD progression

Bridging Kingdoms: A CroSeed-Based a pipeline to Decipher Plant miRNA with putative 
bio-activity in Humans

Stefania Filosa*2, Stefania Crispi2, Claudio Papagna1, Giuseppe Cananzi1, Domenico Catalano*1

Local 
DB

Perl 
Script

Hs target gene 

Metabolic pathway

Gene expression 

Disease 

Hum an
Plant

Perl Script

Comparative Analysis

ScoreHum an m iRNAs Analogous

Script

data integration seed analisys results integration functional analysis

Croseed Pipeline architecture

3° step

2° step

1° step

1° step

1° step

4° step

1° step 3° step 4° step 2° step 


