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Supplemental Methods
Queried PubMed terms

The following concepts were predefined using the PubMed Advanced Search Builder
query box:
Concept #1: "cerebr*"[All Fields] OR "brain"[MeSH Terms] OR "brain*"[All Fields].
Concept #2: "hemangioma, cavernous"[MeSH Terms] OR "cavernous angioma*"[All Fields] OR
"cavernous malformation*"[All Fields] OR "cavernous hemangioma*"[All Fields] OR
"cavernoma*"[All Fields].
Concept #3: arteriovenous malformation OR AVM.
Concept #4: intracerebral hemorrhage OR ICH.
Concept #5: moyamoya disease.
Concept #6: "MicroRNAs"[MeSH Terms] OR "microrna*"[All Fields] OR "mirna*"[All Fields]
OR "micro rna*"[All Fields] OR "small rna*"[All Fields] OR "mi-rna*"[All Fields] OR "micro-
rna*"[All Fields].

Using the prespecified concepts, the following query was searched: ((#1 AND #2) OR (#1
AND #3) OR #4 OR #5) AND #6.

Unsupervised and Supervised Ingenuity Pathway Analysis (IPA)

Differentially expressed (DE) miRNAs of interest were isolated from various samples (e.g.,
plasma, serum, whole blood, cerebral spinal fluid, circulating leukocytes, extracellular vesicles
[EV], resected tissue) between patients and control subjects in clinical studies, in pre-clinical study
disease models and control animals, or between treated and non-treated cells. Gene targets with
experimental evidence or high inference confidence for each DE miRNA of interest were identified
using IPA (QIAGEN, Hilden, Germany) [1]. Unsupervised pathway analysis was first completed
on all gene targets, assuming significance for all, using the IPA core platform (QIAGEN).

A supervised pathway analysis was then performed using the lesional human cerebral
cavernous malformation (CCM) transcriptome [2-4], limiting the query to only the differently
expressed genes (DEGs) (p<0.05, false discovery rate [FDR] corrected). The raw sequencing data
is freely available in the National Center for Biotechnology Information Gene Expression
Omnibus (GEO) database and is accessible through GEO series accession numbers GSE130176,
GSE134005, and GSE134007.

An interaction score, defined as the number of unique miRNA—gene target pairs associated
with a pathway, was calculated for both IPA analyses and each miRNA.

Supplemental Results
Unsupervised IPA identifies DEG targets of miRNAs within pathways

The unsupervised IPA identified 985 gene targets for 11 DE miRNAs common between
cerebral cavernous malformation (CCM) and intracerebral hemorrhage (ICH). In addition, 1107
gene targets were found for the ten miRNAs common between CCM and moyamoya disease
(MMD). Further IPA analyses identified 450 pathways for ICH and 360 for MMD (p<0.01, FDR
corrected).

Supervised IPA identifies DEG targets of miRNAs within pathways enriched in CCM
The supervised pathway analyses focused on pathways involving only the gene targets of
the common miRNAs that were also enriched within the transcriptome of lesional CCM



neurovascular units, consisting of 1,542 DEGs (p<0.05, FDR corrected) [2,3]. The 11 miRNAs
common between CCM and ICH had 108 DEG targets. Furthermore, the 10 DE miRNAs common
between CCM and MMD had 135 DEG targets. Additional analyses showed that the common
miRNAs targeted CCM transcriptome genes in 190 pathways for ICH, and 201 for MMD (p<0.01,
FDR corrected).
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