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BACKGROUND: Peripheral artery disease (PAD) is associated with gastrocnemius muscle abnormalities. However, the biological
pathways associated with gastrocnemius muscle dysfunction and their associations with progression of PAD are largely un-
known. This study characterized differential gene and microRNA (miRNA) expression in gastrocnemius biopsies from people
without PAD compared with those with PAD. Participants with PAD included those with and without PAD progression.

METHODS AND RESULTS: mRNA and miRNA sequencing were performed to identify differentially expressed genes, differentially
expressed miBRNAs, mRNA-mMIiRNA interactions, and associated biological pathways for 3 sets of comparisons: (1) PAD pro-
gression (n=7) versus non-PAD (n=7); (2) PAD no progression (n=6) versus non-PAD; and (8) PAD progression versus PAD no
progression. Immunohistochemistry was performed to determine gastrocnemius muscle fiber types and muscle fiber size.
Differentially expressed genes and differentially expressed miRNAs were more abundant in the comparison of PAD progres-
sion versus non-PAD compared with PAD with versus without progression. Among the top significant cellular pathways in
subjects with PAD progression were muscle contraction or development, transforming growth factor-beta, growth/differentia-
tion factor, and activin signaling, inflammation, cellular senescence, and notch signaling. Subjects with PAD progression had
increased frequency of smaller Type 2a gastrocnemius muscle fibers in exploratory analyses.

CONCLUSIONS: Humans with PAD progression exhibited greater differences in the number of gene and miRNA expression,
biological pathways, and Type 2a muscle fiber size compared with those without PAD. Fewer differences were observed
between people with PAD without progression and control patients without PAD. Further study is needed to confirm whether
the identified transcripts may serve as potential biomarkers for diagnosis and progression of PAD.
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CLINICAL PERSPECTIVE

What Is New?

e Patients with peripheral artery disease (PAD)
who had functional decline over 6 months exhib-
ited differences in gene and microRNA expres-
sion, signaling pathways, and Type 2a muscle
fiber size compared with subjects with non-PAD.

e Among the top significant cellular pathways and
transcripts in subjects with PAD and functional
decline were muscle contraction or development,
transforming growth factor-beta, growth/differen-
tiation factor, and activin signaling, inflammation,
cellular senescence, and notch signaling.

What Are the Clinical Implications?

¢ Qur findings highlight the potential of global pro-
filing of gene and microRNA expression in iden-
tifying transcripts that could serve as potential
biomarkers of progression of PAD.

e Further studies are needed to confirm these find-
ings and validate the clinical utility of the biomark-
ers associated with functional decline in PAD.

Nonstandard Abbreviations and Acronyms

CDKN1A cyclin dependent kinase inhibitor
1A

DEG differentially expressed genes

GDF growth/differentiation factor

LIMKA1 LIM domain kinase 1

miRNA microRNA

miRNA-Seq microRNA sequencing

MYBPH myosin binding protein H

MyHC myosin heavy chain

MYL5 myosin light chain 5

MYL6 myosin light chain 6

NNMT nicotinamide N-methyltransferase

OXCT1 3-oxoacid CoA-transferase 1

RT-gPCR real-time quantitative PCR

S100A8 S100 calcium binding protein A8

S100A9 S100 calcium binding protein A9

TGF( transforming growth factor-beta

causes ischemia of the lower extremities and is as-
sociated with gastrocnemius muscle abnormalities,
including increased oxidative stress,? increased apop-
tosis, altered skeletal muscle morphology and metab-
olism,%* and reduced mitochondrial respiration.>® Some

Lower extremity peripheral artery disease (PAD)

J Am Heart Assoc. 2022;11:€023085. DOI: 10.1161/JAHA.121.023085

Dysregulated Transcriptome of Calf Muscles in PAD

pathophysiological changes in gastrocnemius muscle,
such as smaller fiber size and oxidative stress, have been
associated with greater functional impairment and mo-
bility loss in people with PAD.”® |dentifying the biological
pathways associated with impaired gastrocnemius mus-
cle function and progression of PAD may lead to new
effective strategies that can reverse calf muscle dysfunc-
tion and improve mobility in people with PAD.

Advancement in high throughput sequencing tech-
niques facilitates profiling whole transcriptomes, includ-
ing gene and microRNA (miRNA)™® expression, and
making inferences about biological pathways that are
affected by diverse pathophysiological conditions in
different cell types. miRNAs are short, single-stranded,
noncoding RNAs that post-transcriptionally regulate
expression of ~60% of all mammalian protein encoding
genes and can also more broadly impact RNA metabo-
lism and translation." In most cases, miRNA binding to
mRNAs results in MRNA degradation and/or inhibition of
translation, regulating a diverse range of developmental,
physiological, and disease processes, including stem
cell differentiation, hypoxia, cardiac and skeletal mus-
cle development, aging, and mitochondrial function.'® A
recent study has identified miR-323b-5p as a potential
biomarker of critical chronic limb ischemia in patients
with diabetes.’® However, the full spectrum of miRNAs
dysregulated specifically in gastrocnemius muscles with
progression of PAD is poorly understood. Several basic
biological mechanisms may be dysregulated in PAD (ie,
lower extremity skeletal muscle differentiation, muscle
development, extracellular matrix remodeling, autoph-
agy, among others) because of repeated episodes of
ischemia/reperfusion, both through direct effects on
mMRNA transcription and through changes in miRNA.

The purpose of this study was to identify protein
coding genes and miRNA transcripts in gastrocnemius
muscle biopsies that are differentially expressed in
PAD versus controls free of PAD. A case control design
was used to identify skeletal muscle transcripts and
muscle fiber types associated with clinical progression
of PAD versus absence of PAD progression in people
with PAD matched by sex and race who were followed
longitudinally.

METHODS

Data Availability

The data, methods used in the analysis, and materials
used to conduct the research of this study are avail-
able from the corresponding authors upon reasonable
request.

Participant Recruitment

Muscle specimens for participants with PAD were ob-
tained from participants in observational studies or
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randomized trials.*"® Participants without PAD were
identified from either longitudinal observational studies
or clinical trials comparing muscle characteristics be-
tween people with and without PAD, and participants
with PAD were identified from participants eligible for
a randomized trial who had a baseline muscle biopsy.
Participants were categorized into 1 of 3 groups: People
without PAD, people with PAD who developed disease
progression (defined as people with PAD who experi-
enced meaningful decline in 6-minute walk [>25 meters]
between baseline and 6-month follow-up) and people
with PAD who did not experience disease progression.
Groups of muscle biopsies, matched by race and sex,
were identified that included 1 participant with PAD with-
out progression, 1 participant with PAD with progres-
sion, and 1 participant without PAD. For each group of
3 muscle biopsies, when there was >1 possible muscle
match based on sex and race, the individual closest in
age was selected. Participants with PAD who received
a therapeutic intervention in a randomized trial between
baseline and 6-month follow-up were not eligible for this
study. Overall, 20 calf muscle biopsy specimens from 20
participants (7 PAD progression, 6 PAD no progression,
and 7 non-PAD) were included. The Institutional Review
Board at Northwestern University approved each study
protocol. All participants provided written informed con-
sent. Recruitment methods included postcards mailed
to older people in the Chicago area; Chicago Transit
Authority advertisements; identification of individuals
who had previously participated in research studies with
the principal investigator (M.M.M.) at Northwestern and
had expressed interest in future research participation;
physician referral; through mailed letters at the Veterans
Administration; and newspaper advertisements.

Inclusion and Exclusion Criteria

Inclusion and exclusion criteria for the biobank with
the principal investigator (M.M.M.) at Northwestern
were reported previously''® and are briefly summa-
rized here. PAD was defined as a resting ankle brachial
index (ABI)<0.90, those with ABI of 0.90 to 1.00 who
experience a 20% or higher drop in ABI after heel-
rise exercise during a study visit, or evidence of PAD
from vascular laboratory testing. Participants with PAD
whose walking was primarily limited by a comorbid-
ity other than PAD were excluded. Participants with
below-knee or above-knee amputation, wheel-chair
confinement, use of a walking aid, significant visual
or hearing impairment, and any recent major surgery
were excluded. Participants with non-PAD had a rest-
ing ABI of 1.0-1.40 with no history of PAD.

Measurement of ABI

ABI was measured using a handheld Doppler probe
(Nicolet Vascular Pocket Dop I, Golden, CO) as
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described previously."'® Briefly, systolic blood pres-
sure was measured twice in the right and left brachial,
dorsalis pedis, and posterior tibial arteries, respectively.
The ABI was calculated as the ratio of the average sys-
tolic pressure of the dorsalis pedis and posterior tibial
in each leg divided by the mean of the 4 systolic bra-
chial pressures. Mean systolic pressure in the arm with
the higher pressure was used when 1 brachial pres-
sure was higher than the opposite brachial pressure in
both measurement sets and the 2 brachial pressures
differed by >10mmHg in one measurement set.'®

Six-Minute Walk Test

The 6-minute walk test was performed according to
previously reported methods.'® Briefly, participants were
asked to walk up and down in a 100-foot hallway for 6
minutes to cover as much distance as possible, and the
total distance covered in 6 minutes was recorded.

Four-Meter Walking Velocity

Walking velocity for a 4-m walk was measured both
at “usual” and “fastest” pace. Participants were asked
to walk at their normal pace as if they were “walking
down the street to go to the store” and separately to
walk as fast as they could for 4m. Each walk was per-
formed twice, and the fastest velocity was used for
each measure.'®

Other Characteristics

Comorbidities, including diabetes, were identified
based on participant self-report, using standard-
ized data collection forms. Race was identified based
on self-report, using categories defined by National
Institutes of Health reporting standards. Height and
weight were measured at the study visit. BMI was cal-
culated as weight (kg)/height (m?).

Muscle Biopsy Procedure

All participants underwent open biopsy in the medial
head of the gastrocnemius muscle. Anesthesia was
attained with subcutaneous lidocaine. Subcutaneous
and adipose tissue were dissected until the muscle was
identified. Muscle tissue was collected, snap-frozen in
liquid nitrogen, and stored at —80 °C until analysis."

RNA Extraction

Total RNA from calf muscle tissues was isolated using Tri
Reagent (Sigma #93289) and chloroform based manual
method that yields both mMRNA and miRNA. RNA was
quantified by measuring absorbance at 260nm using
Nanodrop spectrophotometer. The quality of RNA was
assessed using Tape station, and in all cases RNA with
an RNA integrity number score>6 value was used for
mRNA and miRNA-Sequencing (miRNA-Seq).
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mRNA Sequencing, Differential Gene
Expression, and Biological Pathway
Analysis

RNA samples were outsourced to Novagene for
mRNA Sequencing performed as per the company’s
in-house protocol on the lllumina NovaSeq platform
(HWI-ST1276) with paired-end 150-bp sequencing
strategy; and briefly described here. Original image data
file from high-throughput sequencing lllumina platform
was transformed to sequenced reads (called raw reads)
by CASAVA base recognition (base calling). The mean
range of reads per sample were 37572 436-63444164.
Raw reads were trimmed to remove reads with adaptor
contamination, remove reads when uncertain nucleo-
tides constitute >10% of either read (n>10%) and re-
move reads when low quality nucleotides (base quality
<b) constitute >50% percent of the read. Quality control
of reads demonstrated a Q20(%) score of >97.5 and an
error rate<0.03% for all the samples. The trimmed reads
were mapped to human genome. Spliced Transcripts
Alignment to a Reference software was used to accom-
plish the mapping. Abundance of transcripts was deter-
mined as fragments per kilobase of transcript sequence
per milions base pairs. Differential gene expression
analysis for 3 sets of comparisons: (1) PAD progres-
sion versus non-PAD; (2) PAD no progression versus
non-PAD; and (3) PAD progression versus PAD no pro-
gression was performed using the DESeqg2 R pack-
age.?° The false discovery rate was controlled using the
Benjamini-Hochberg procedure, and adjusted P<0.05
was considered for statistical significance. Visualization
of top significantly upregulated or downregulated genes
and their log2-fold change was performed as volcano
plot using ggplot2 package in R program. For further
detailed assessment of biological pathways, differen-
tially expressed genes (DEG) with adjusted P<0.05 were
used as input in MetaCore pathway analysis (Clarivate
Analytics, USA), and significant (nominal P<0.05) biolog-
ical pathways were identified. Visualization of pathway
enrichment analysis was performed as dotplot using gg-
plot2 package in R program. The RNA-Seq data sets
that support the findings of this study are available from
the corresponding authors upon reasonable request.

mMRNA Real-Time Quantitative PCR

cDNA was generated from 375 ng total RNA using
Takara PrimeScript RT reagent Kit with gDNA Eraser
(Takara, Cat. No. RR047A) according to the manu-
facturer’s directions. Real-time quantitative PCR (RT-
gPCR) was performed in triplicate on a Quantstudio
3 (ThermoFisher Scientific) using GoTag gPCR Master
Mix (Promega, Cat. No. A6001) and primers for
MYBPH (myosin binding protein H), actin alpha cardiac
muscle 1, COKNTA (cyclin dependent kinase inhibitor
1A), phospholipase A2 group lIA, myogenin, NNMT
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(nicotinamide N-methyltransferase), HES7T (hairy and
enhancer split-1), HAS2 (hyaluronan synthase 2), XAF1
(X-linked inhibitor of apoptosis) (XIAP associated factor
1), ITGAS (integrin subunit alpha 8), INHBA (inhibin sub-
unit beta A) (Invitrogen; primer sequences can be found
in Table S1). L32 (ribosomal protein L32) was used as
the reference gene, and relative gene expression was
calculated using 2-24°T from the non-PAD group.

miRNA RT-gPCR

cDNA was generated from 50ng of total RNA using
miRCURY LNA RT Kit (Qiagen, Cat. No. 339340) ac-
cording to the manufacturer’s directions. RT-gPCR
was performed in triplicate on a Quantstudio 3
(ThermoFisher Scientific) using the mIRCURY LNA
SYBR Green PCR Kit (Qiagen; Cat. No. 339345) and
mIiRCURY miRNA assay primers for miR-503-5p, miR-
223-3p, miR-542-3p, miR-450b-5p, miR-135a-5p,
miR-130b-3p (Qiagen, see Table S2 for catalog num-
bers). U6 (RNA, U6 small nuclear 1) was used as the
reference gene and relative gene expression was cal-
culated using 2-24CT from the non-PAD group.

Western Blot Analyses

Whole-tissue homogenates of skeletal muscles were
prepared by extracting tissue protein in extraction buffer
(20mmol/L HEPES, pH 7.4, 2mmol/L EGTA, 1% Triton
X-100, 2% glycerol, 50mmol/L B-glycerophosphate,
1x Halt-protease, and phosphatase inhibitor cock-
tail [ThermoFisher Scientific, Waltham, MA; Cat#:
1861280]). Muscle tissue (20-30mg) was immersed in a
precooled vial filled with zirconium beads (@ 3mm) and
extraction buffer (1:20 w/v), placed in a BeadBug ho-
mogenizer (homogenizer and beads from Benchmark
Scientific, Sayreville, NJ), and homogenized 5 times
at setting 4000 for 30seconds each, with intermittent
cooling for 1 minute on ice. Subsequently, the cleared
homogenate was sonicated 10 times for =3 seconds,
followed by centrifugation at 10000g for 10 minutes at
4 °C. Total protein content of the resulting superna-
tant was determined via Bradford colorimetric assay.
Protein content of selected targets was semiquantified
by traditional Western blot as described previously.?!
Briefly, samples were diluted in Laemmli sample buffer
(Bio-Rad, Hercules, CA; Cat#161-0747) supplemented
with -mercaptoethanol, and proteins denatured at
95 °C for 5minutes. A total of 50ug protein was sepa-
rated on a polyacrylamide gel (Bio-Rad), transferred
onto nitrocellulose membranes (Bio-Rad), and blocked
in Tris-buffered saline with Tween 20 and 5% fat-free
milk. The following commercially available primary an-
tibodies were used: MYBPH (ThermoFisher Scientific,
Cat# MA5-26185; 1:4000), myogenin (R&D Systems,
Minneapolis, MN, Cat# MAB66861; 1:1000), CDKN1A
(p21) (Cell Signaling, Danvers, MA, Cat# 2947; 1:1000),
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HES1 (OriGene, Rockville, MD, Cat# TA500114; 1:1000).
Secondary antibodies applied were HRP-conjugated
anti-mouse or anti-rabbit IgG (Cell Signaling; anti-
mouse IgG #7076, anti-rabbit IgG #7074; both 1:5000).
Protein bands were detected with SuperSignal West
Femto Maximum Sensitivity Substrate (ThermoFisher
Scientific) using a ChemiDoc XRS imager (Bio-Rad),
and target bands were quantified using the Image Lab
6.0 software (Bio-Rad). The spot density of each band
was normalized to the total protein amount loaded
in the same lane, as determined by the densitomet-
ric analysis of the corresponding Ponceau S-stained
membranes.?23

Immunohistochemistry and
Gastrocnemius Muscle Fiber Type
Assessment

Immunohistochemical determination of gastrocnemius
muscle fiber types and muscle fiber size was carried
out as previously described.?* Briefly, fresh frozen
muscle biopsies were sectioned at 7 um in a cryostat,
placed onto charged slides (Fisher Scientific, Waltham,
MA) and allowed to dry at room temperature for 1
hour. Slides were then washed with PBS, followed by
overnight incubation with primary antibody at 4 °C. For
detection of fiber borders rabbit anti-laminin (L9393;
Sigma-Aldrich, St. Louis, MO) was used in conjunc-
tion with the following isoform-specific MyHC (myo-
sin heavy chain) antibodies all from Developmental
Studies Hybridoma Bank (lowa City, 1A): Type 1 MyHC
(BA.D5; IgG2b), Type 2a MyHC (SC.71; IgG1) and Type
2x MyHC (6H1; IgM). Following overnight incubations,
sections were washed 3 times with PBS and incubated
for 1 hour with the following secondary antibodies: anti-
rabbit IgG H+L AMCA (C1-1000; Vector Laboratories,
Burlingame, CA), anti-mouse IgG2b AlexaFluor 647
(A21242, ThermoFisher Scientific, Grand Island, NY),
anti-mouse IgG1 AlexaFluor 488 (A21121) and anti-
mouse IgM AlexaFluor 555 (A21426). Sections were
washed with PBS and cover-slipped with Vectashield
(H-1000; Vector Laboratories). Digital images of entire
muscle biopsy cross-sections were acquired at 200x
magnification using an Axiolmager M1 fluorescence
microscope (Carl Zeiss, Oberkochen, Germany).
Muscle fiber type distribution and fiber size were de-
termined using our automated image quantification
platform, MyoVision.?® Analysis of satellite cell abun-
dance was performed as follows. Sections were fixed
for 3 minutes in —20 °C acetone, washed with PBS,
peroxidase quenched using 3% hydrogen peroxide for
8minutes, washed and blocked for 1 hour in 2.5% NHS
(S-2012-50; Vector Laboratories). Sections were incu-
bated overnight with anti-paired box 7 to identify sat-
ellite cells (Pax7-c; Developmental Studies Hybridoma
Bank). Following PBS washes, biotinylated anti-mouse
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IgG1  (115-065-205; Jackson ImmunoResearch
Laboratories, West Grove, PA) was applied for 90 min-
utes, and sections were washed and incubated for
1 hour with streptavidin horseradish peroxidase (S911;
ThermoFisher). Superboost tyramide signal amplifi-
cation AlexaFluor 594 was used for fluorescent labe-
ling and visualization of anti-paired box 7 (B40957,;
ThermoFisher). Anti-laminin primary antibody was
added followed by anti-rabbit AlexaFluor 488 (A11034)
to visualize and quantify muscle fibers. Sections were
washed, incubated for 10 minutes with DAPI (D1306;
ThermoFisher) to label nuclei and cover slipped. Whole
cross-section images were acquired with a 20x ob-
jective, satellite cells were identified as anti-paired box
7+/DAPI+, and quantification was expressed relative to
laminin delineated fiber number.

miRNA-Seq, Differential miRNA
Expression, and mRNA-miRNA Interaction
RNA samples were outsourced to Exigon, Qiagen
for miRNA-Seq (1x75 bp sequencing-12M reads per
sample). Briefly, miBRNA molecule was tagged with a
Unigue Molecular Index,?® and miRNA sequencing was
performed on lllumina platform. Following sequencing
and trimming, unique molecular index sequence con-
taining reads were mapped to mature miRNA molecule
using version of miRbase. Expression levels of each
miRNA in a sample were measured as tags per million
mapped reads and differential expression of mMiRNA
among groups was performed using the EdgeR sta-
tistical software package.?” For normalization, the
trimmed mean of M-values method based on log-
fold and absolute gene-wise changes in expression
levels between samples (trimmed mean of M-values
normalization) was used, and miRNA identified at ad-
justed P<0.05 was considered significant. Differentially
expressed mMiIRNA and mRNA (adjusted P<0.05) were
used to obtain mMIRNA-mRNA interactions according to
ingenuity pathways analysis microRNA Target Filter tool
(ingenuity pathways analysis winter release December
2020). Different miRNA target prediction programs
(TargetScan, miRecords, Ingenuity Knowledge Base,
and TarBase) filtered our miRNA-mRNA pairings.?®
Confidence filter was used by selecting both experi-
mentally observed and predicted target correlations.
Targets were selected that were both predicted and ex-
perimentally observed. Visualization of miRNA-mRNA
interactions was performed as circus plot using circlize
package in R program. The miRNA-Seq data sets that
support the findings of this study are available from the
corresponding authors upon reasonable request.

Statistical Analysis

Baseline characteristics of participants with and with-
out PAD were summarized as means and SDs for
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continuous variables and as frequencies and percent-
ages for categorical variables. T-tests were used to
compare continuous characteristics, and Chi-square
tests and Fisher exact test were used to compare cat-
egorical characteristics of participants with and without
PAD, when appropriate. Fiber type-specific fiber size dif-
ferences between patients with PAD with progression or
patients with PAD without progression and those with
non-PAD and differences in the number of fibers fall-
ing within specified fiber size ranges (relative frequency)
were determined using a mixed-effects model; in this
model, group was the fixed effect, and individual subject
was the random effect using the Geisser—-Greenhouse
correction because of unequal sample sizes. Because
of the small sample sizes, adjustment for multiple com-
parisons was not performed. Analyses were performed
using SAS version 9.4 (Cary, NC).

RESULTS

Differential Gene Expression and Pathway
Analysis

Participants’ clinical characteristics and medications
are listed in Table 1. The number of DEG for 3 sets
of comparisons: (1) PAD progression versus non-PAD;

Dysregulated Transcriptome of Calf Muscles in PAD

(2) PAD no progression versus non-PAD; and (3) PAD
progression versus PAD no progression is listed in
Figure 1A (adjusted P value<0.05; log2FC>1), and gene
names, fold change, and P values are shown in Table
S3. The top 10 significantly upregulated and downreg-
ulated transcripts are shown in Figure 1B. DEG were
most abundant in the comparison of PAD progression
versus those without PAD. In this comparison, 99 sig-
nificantly upregulated genes had a log2 fold change
above 1 while 59 significantly downregulated genes
had a log2 fold change below —1 (Figure 1B). The top
10 significantly upregulated and downregulated genes
are shown in Figure 1C. We validated the expression
for several of the top differentially expressed tran-
scripts by RT-gPCR, including transcripts involved in
cell cycle/senescence (CDKN1A; NNMT), angiogene-
sis (HES1), and muscle contraction (actin alpha cardiac
muscle 1; MYBPH) (Figure S1A). Similarly, we validated
a few downregulated transcripts involved in cell adhe-
sion (ITGA8) and apoptosis (XAF1) (Figure S1B). On the
protein level, semiquantitative Western blot analysis
was performed using commercially available antibod-
ies to 4 of the markers. Consistent with directionality
from the RNA-seq and RT-gPCR analyses, we found
that MYBPH protein expression increased by 5.2-fold
by Western analysis in the PAD progression group

Table 1. Characteristics of Participants With PAD Progression, PAD No Progression, and Non-PAD

Baseline characteristics PAD progression (n=7) PAD no progression (n=6) Non-PAD (n=7) P value P trend
Age (y), mean (SD)* 69.12 (7.86) 66.83 (8.47) 67.07 (5.04) 0.8164 0.5928
Women, n (%) 3 (42.86) 3 (50.00) 3 (42.86) 0.9576 1.0000
Black, n (%) 4 (57.14) 4 (66.67) 4 (57.14) 0.9237 1.0000
Ankle brachial index, mean (SD)* 0.64 (0.14) 0.74 (0.06) 1.21 (0.10) <0.0001 <0.0001
Body mass index (kg/m?), mean (SD) 31.33 (4.95) 33.19 (8.50) 28.06 (6.55) 0.3944 0.3766
Current smoker, n (%) 2(28.57) 4 (66.67) 1(14.29) 0.1292 0.5753
Myocardial infarction, n (%) 0 (0.00) 0(0.00) 0 (0.00) NA NA
Heart failure, n (%) 1(14.29) 0 (0.00) 0 (0.00) 0.3763 0.2201
Stroke, n (%) 0 (0.00) 0 (0.00) 0 (0.00) NA NA
Angina, n (%) 0 (0.00) 0 (0.00) 0 (0.00) NA NA
Pulmonary disease, n (%) 2 (28.57) 0 (0.00) 2(28.57) 0.3425 1.0000
Cancer, n (%) 2 (28.57) 1(16.67) 1(14.29) 0.7765 0.5040
Diabetes, n (%) 2 (28.57) 3 (50.00) 0 (0.00) 0.1119 0.2170
Intermittent claudication, n (%) 2 (28.57) 1(16.67) 0 (0.00) 0.3231 0.1344
Six-min walk distance (meters), 337.48 (75.90) 367.21 (103.81) 497.30 (169.91) 0.0639 0.0257
mean (SD)
Medications
Antiplatelet drugs 3 (42.86) 5 (83.33) 2 (28.57) 0.1290 0.5930
Anticoagulants, including direct oral 0 (0.00) 0 (0.00) 0 (0.00) NA NA
anticoagulants
Statin medications 6 (85.71) 5 (83.33) 2 (28.57) 0.0431 0.0250
ACE inhibitors/ARB medications 3 (42.86) 4 (66.67) 0 (0.00) 0.0368 0.0928
ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; and PAD, peripheral artery disease.
*Age at the time of the biopsy.
TAnkle brachial index of biopsy leg.
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Figure 1. Differentially expressed genes among comparisons of human subjects with PAD progression, PAD no progression,
and non-PAD.

A, Gene counts differentially expressed at false discovery rate adjusted at P<0.05. B, Names of top 10 significantly upregulated
and downregulated genes and their log2 fold change. C, Volcano plot highlighting differentially expressed genes between PAD
progression and non-PAD group at adjusted P<0.05 and log2 fold change >1; 99 upregulated genes on upper right quadrant (red
dots) and 43 downregulated genes on upper left quadrant (blue dots). D, Top 10 significantly enriched pathways associated with
differentially expressed genes (nominal P<0.05) between PAD progression and non-PAD group. The size of the dot is ratio of number
of genes identified as significantly expressed between PAD progression and non-PAD group and number of genes that constitute
that pathway. ACTC1 indicates actin alpha cardiac muscle 1; APCDD1L, adenomatosis polyposis coli down-regulated 1-like; BMP,
bone morphogenetic protein; ENTPD3, ectonucleoside triphosphate diphosphohydrolase 3; FC, fold change; FGFBP2, fibroblast
growth factor-binding protein 2; FTLP15, ferritin light chain pseudogene 15; GDF, growth/differentiation factor; HAS2, hyaluronan
synthase 2; IFl44, interferon induced protein 44; IFITM10, interferon induced transmembrane protein 10; ITGAS, integrin subunit alpha
8; MIR503HG, MIR503 host gene; MYBPH, myosin binding protein H; OAS3, 2'-5'-oligoadenylate synthetase 3; PAD, peripheral artery
disease; PLA2G2A, phospholipase A2 group Il A; RET, ret proto-oncogene; S100 calcium binding protein A8; TCIM, transcriptional
and immune response regulator; TGF, transforming growth factor; and XAF1, XIAP associated factor 1.

compared with the non-PAD control group (Figure description of significant pathways and the genes in-
S1C), whereas we did not detect discernable trends volved are listed in Table S4. The number of DEG with
across the groups for myogenin, or observed weak adjusted P value <0.05 was not sufficient to perform
bands for p21 and HES1 (data not shown). All DEG pathway analysis for PAD without progression versus
were annotated for their association with known path- non-PAD and PAD progression versus PAD without
ways to understand their biological function. The top 5 progression (Figure 1A).

significant cellular pathways that were associated with

these DEG in people with PAD progression were mus- Subjects With PAD With Functional

cle contraction, skeletal muscle development, bone . .
morphogenetic protein/transforming growth factor- Decline (PAD Progression) Have Smaller

beta (TGFF) and growth/differentiation factor (GDF)  Type 2a Gastrocnemius Muscle Fibers

signaling, inflammation, and cytoskeleton/actin fila- Using immunohistochemistry to identify muscle fiber
ments (Figure 1D). Visualization of gene networks of borders and myosin heavy chain expression, we ana-
the “muscle contraction” and “skeletal muscle devel- lyzed both fiber type distribution (data not shown) and

opment” pathways are shown in Figure 2, and those fiber type-specific muscle fiber size in gastrocnemius
representing “inflammation signaling” and “TGFf, GDF, biopsies from patients with PAD with progression and
and activin signaling” are shown in Figure S2. The without progression, compared with subjects without
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PAD (non-PAD) (Figure 3). We did not observe signif-
icant differences in the frequency of Type 1, Type 2a,
or hybrid Type 2a/x muscle fibers among any of these
groups (Figure S3A). Similarly, the average muscle fiber
size, measured by cross-sectional area, did not differ
among groups (Figure S3B). Upon further assessment
of fiber size by fiber type, we observed smaller Type
2a fibers within muscle biopsies from patients with
PAD with progression compared with both patients
with PAD without progression and compared with par-
ticipants without PAD, though this difference was not
significant (Figure 3A). To examine potential differences
more closely in the size of Type 2a fibers, we identified
the relative frequency of Type 2a fibers (% of total) within

J Am Heart Assoc. 2022;11:€023085. DOI: 10.1161/JAHA.121.023085

specified ranges based on fiber size: 0-1499, 1500-
2999, 3000-4499, and 4500-5999 um?. Comparing
among groups, we noted a significant increase in the
relative frequency of Type 2a fibers within the smallest
size range (0-1499 um?) in muscles from patients with
PAD with progression (Figure 3B). However, this associ-
ation was attenuated after adjusting for age (P=0.0675).
Representative images of fiber type and size from each
group are shown in Figure 3C and highlight the pres-
ence of small Type 2a fibers in muscles from patients
with PAD with progression (white arrows). We also ex-
amined satellite cell content (Figure S3C) and macro-
phage populations (Figure S3D through S3F) but found
no significant differences between any group.
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Figure 3. Smaller Type 2a fiber size in gastrocnemius muscle from subjects with PAD with functional decline (PAD
progression).

A, Average fiber size (cross-sectional area) stratified by fiber type within subjects without PAD (non-PAD; n=7), subjects with PAD
without functional decline (PAD no progression; n=6), and subjects with PAD and functional decline (PAD progression; n=6). Data
expressed as mean + SEM. B, Relative frequency distribution of Type 2a muscle fiber size. Each bar represents the percent of
total fibers within the specified fiber size bin (1500-um width). Note, a greater number of small Type 2a fibers (0-1499 um?) within
gastrocnemius muscles from the PAD progression group. A mixed effects model was used to determine differences among groups
(*P value); however, multiple comparisons were not performed because of the small sample sizes. A linear mixed-effects model was
used to determine significant differences in cross-sectional area and relative frequency within Type 2a fiber size ranges between non-
PAD and PAD progression (0-1499, P=0.031). C, Representative images of immunohistochemistry depicting fibers expressing Type 1
MyHC (myosin heavy chain, pink), Type 2a MyHC (green) and fiber borders (laminin, blue) from the gastrocnemius muscle of non-PAD
(top), PAD no progression (middle) or PAD progression (bottom). White arrows point to several small Type 2a fibers. MyHC indicates

myosin heavy chain; and PAD, peripheral artery disease. Scale bar=100 um.

Differentially Expressed miRNA and
miRNA-mRNA Interactions

Identification of MiIRNAs and their associated tar-
get genes may provide additional insights into bio-
logical pathways relevant to PAD. miRNAs that were
significantly differentially expressed (adjusted P value
<0.05) were assessed across the 3 groups (Figure 4A).
Differential expression analysis showed 25 miRNAs up-
regulated and 1 miRNA downregulated in PAD progres-
sion compared with the non-PAD group (Figure 4B and
Table S5). Differentially expressed miRNAs in PAD pro-
gression compared with non-PAD group with log2FC>1
are shown in Figure 4C. We validated the expression
for several of the top differentially expressed miRNA
transcripts by RT-gPCR (Figure S4). Targets of the sig-
nificantly expressed miRNAs (adjusted P value <0.05)
were identified from the significantly expressed genes
(adjusted P value <0.05) in PAD progression compared
with non-PAD group (Figure S5). As miRNA negatively
regulates MRNA expression, opposite expression pair-
ing between mMiRNA and mRNA transcripts was imple-
mented to further analysis. Analysis of mIBNA-mRNA

J Am Heart Assoc. 2022;11:€023085. DOI: 10.1161/JAHA.121.023085

interactions identified 39 interactions. According to the
phenomenon of cooperative gene regulation by miRNA
pairs, which facilitates a more effective target repres-
sion of MRNA transcripts, our results also showed that
1 miRNA may regulate many genes, while 1 gene may
be targeted by several miRNAs. Specifically, 18 differ-
entially expressed miBNAs were paired with 20 mRNA
targets, including several targets involved in integrin
signaling (ITGA6, ITGAS8), angiogenesis (Ras homolog
family member J), and inflammation (interleukin 17 re-
ceptor D) (Figure 4D, Figure S5, and Table S6).

DISCUSSION

Among the comparisons addressed in this study, we
found substantial gene expression differences between
participants who experienced PAD progression, defined
as significant decline in 6-minute walk over 6-month
follow-up, compared with participants free of PAD.
Enrichment analysis of this set of differentially expressed
transcripts indicated a dysregulation of pathways in the
PAD progression group compared with healthy controls
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related to: (1) skeletal muscle contraction or develop-
ment; (2) TGF-B, GDF, and activin signaling; and (3) in-
flammation. Further analysis of the top 10 dysregulated
genes revealed transcripts associated not only with

J Am Heart Assoc. 2022;11:€023085. DOI: 10.1161/JAHA.121.023085

skeletal muscle contraction but also cellular senes-
cence and notch signaling. These findings suggest that
while maladaptive pathways are enriched, myogenesis
may be activated in people with PAD who experience
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Figure 4. Differentially expressed miRNAs among comparisons of human subjects with PAD, PAD no progression, and non-PAD.
A, miRNA counts differentially expressed at statistical significance of P<0.05 and log2-fold change >1. B, Volcano plot representing
upregulated microRNAs (miRNAs) (8) in upper right quadrant (red dots) and downregulated miRNA (1) in upper left quadrant (blue
dot) between PAD progression and non-PAD group. C, Top significantly upregulated and downregulated miRNAs and their log2-fold
change. D, Significantly enriched interactions of miRNA and gene targets that are differentially expressed between PAD progression
and non-PAD groups. ENTPD3 indicates ectonucleoside triphosphate diphosphohydrolase 3; FC, fold change; ITGAS, integrin subunit
alpha 8; miR, microRNA; miRNA, microRNA; OASS3, 2'-5'-oligoadenylate synthetase 3; RET, ret proto-oncogene; PAD, peripheral artery

disease; and XAF1, XIAP associated factor 1.

worsening of 6-minute walk. These changes may rep-
resent a compensatory response that is associated with
greater severity of disease. However, further study to
confirm and extend these findings is needed.
Enrichment of both “TGF-g, GDF, activin signaling”
and “inflammation” pathways in the PAD progression
group also highlights important roles for key transcripts
from these pathways known to be involved in skeletal
muscle ischemic injury. For example, the proinflamma-
tory activator protein 1 transcription factor complex
is common to both pathways and represents a key
downstream mediator of MAPK (mitogen-activated
protein kinase) signaling that is increased in response
to ischemic injury?®3° and promotes skeletal muscle an-
giogenesis. The activator protein 1 homodimer, Jun D
Proto-Oncogene, is enriched in the “TGF-f, GDF, and
activin signaling” pathway and activates MMP-2 (ma-
trix metalloproteinase-2). Deficiency of MMP-2 impaired
blood flow recovery and triggered limb gangrene after
hindlimb ischemia in mice,®! raising the possibility that its
overexpression may be linked to compensatory vessel
remodeling in patients with PAD progression. Finally, cal-
granulin A (known as S100A8 [S100 calcium binding pro-
tein A8)) is also enriched in the “TGF-f, GDF, and activin
signaling” pathway and heterodimerizes with S100A9
(S100 calcium binding protein A9) to form calprotectin,
an acute phase reactant released from skeletal muscle
during exercise.®? Impaired vascular endothelial growth
factor receptor 1-S100A8/S100A9 signaling induced an
M1-like macrophage phenotype that inhibited ischemic
skeletal muscle angiogenesis.®® S100A8/S100A9 is also
associated with increased neutrophil presence and ac-
tivity, independent of macrophages.?! Interestingly, use
of neutrophil lymphocyte ratio had been used as a pre-
dictor of major amputation and/or mortality in critical
limb ischemia.3* Collectively, these findings suggest that
gastrocnemius muscles of subjects in the PAD progres-
sion group exhibit compensatory signaling pathways en-
riched for transcripts that are not sufficient to overcome
pathologic changes and are insufficient to promote skel-
etal muscle angiogenesis or improve walking ability.
Whole transcriptome profiling identifies differences
in expression of genes and MiBRNAs in health and dis-
ease and also reveal how these differences in expres-
sion may inform activation or repression of specific
biological pathways. This study sought to identify dif-
ferences in gene and MIRNA expression, as well as
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predicted biological pathways among human subjects
with PAD progression, PAD no progression, and non-
PAD. PAD progression was considered for subjects
with PAD who had a meaningful decline by >25 meters
in 6-minute walking distance on 6-month follow-up.3®
Decline in walking performance was selected as a cri-
terion for categorizing participants in PAD progression
and PAD no progression because decline in functional
performance in subjects with PAD predicted later loss
in mobility and mortality.383” Major differences in gene
expression between subjects with PAD who had signif-
icant decline in walking performance and subjects with
non-PAD were enriched for transcripts related to skele-
tal muscle biology. Among the top 10 significantly up-
regulated expressed genes between PAD progression
and subjects with non-PAD were transcripts associated
with skeletal muscle contraction or function (MYBPH,
actin alpha cardiac muscle 1, myogenin), cellular senes-
cence (CDKN1A, NNMT), and Notch signaling (Hes1).
For example, among the skeletal muscle enriched tran-
scripts include MYBPH, a structural constituent of mus-
cle binds to myosin and helps with muscle contraction;
actin alpha cardiac muscle 1, a developmental compo-
nent of the skeletal muscle contractile apparatus; and
myogenin, a muscle-specific transcription factor that
induces myogenic differentiation. Along with the above
discussed genes, other significantly (with false discov-
ery rate adjusted P value) upregulated genes includ-
ing MyHC, myosin light chain 5, myosin light chain 6,
myogenic differentiation 1, troponin C, glical cell derived
neutrotrophic factor, filamin B, are nearly all related to
processes of muscle contraction and muscle tissue de-
velopment. Indeed, abnormalities in structural proteins,
such as actin, myosin, and intermediate filaments, re-
lated to the contractibility of skeletal muscle have been
previously associated with PAD.38:39

Muscle fiber perturbations have been reported
within the gastrocnemius muscle of patients with PAD,
and oxidative damage has been proposed to contrib-
ute to PAD myopathy.4%-42 Preferential oxidative dam-
age to Type 2 muscle fibers and reductions in Type 2
fiber size were observed in patients with PAD gastroc-
nemius muscles and were more apparent in end-stage
disease."*3-4% Here, we report a higher number of small
(<1499 um?) Type 2a fibers in the gastrocnemius mus-
cle of patients with PAD with progression (Figure 3),
consistent with previous findings."#3-45
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As discussed above, MYBPH protein is involved in
myofilament assembly and muscle contraction, and
previous reports have associated MYBPH primarily with
fast (Type 2) muscle fibers.*®4" Interestingly, MYBPH
is reportedly high in muscles from individuals with the
neurodegenerative disease amyotrophic lateral sclero-
sis (ALS) and is postulated to cause dysregulation in
actin-myosin interaction.*®4° Pathogenesis in ALS has
been associated with increased oxidative stress within
muscles,®® and recent mouse models of ALS suggest
muscle atrophy may precede and possibly contribute
to neuromuscular junction alterations.®™® Type 2 fiber
atrophy in PAD gastrocnemius muscles is associated
with increases in angular fibers, indicative of denerva-
tion,* and the denervation marker neural cell adhesion
molecular has been reported within Type 2 fibers from
patients with PAD calf muscles.>* Together, these find-
ings underscore alterations in the contractile apparatus
in muscle from patients with PAD with progression that
may be preferential for Type 2 fibers and may precede
denervation and fiber loss. On the other hand, it is worth
noting that Hiatt et al observed improvement in PAD pa-
tients’ walking performance, with treadmill training con-
comitant with increases in markers of denervated fibers,
suggesting that this may be an adaptation to PAD.%®

In addition to MYBPH, expression of the LIM domain
kinase 1 (LIMKT) gene was also increased in muscle
from patients with PAD with progression compared
with non-PAD muscle (Table S3). LIMK1 is involved in
regulation of the actin cytoskeleton. Phosphorylation of
LIMK1 inhibits actin depolymerization through inactiva-
tion of cofilin, resulting in actin filament stabilization.®¢57
Interestingly, MYBPH may inhibit the phosphorylation
of LIM kinases through interaction with Rho-associated
coiled-coil containing protein kinases, and muscles
from patients with ALS with high levels of MYBPH
also accumulated nonphosphorylated LIMK1, which
may underlie disruption of actin-myosin interactions.*®
Our findings show higher expression of both MYBPH
and LIMK1 genes within gastrocnemius muscles of
patients with PAD with progression, suggesting de-
stabilization of actin may be taking place within these
muscles. Collectively, smaller Type 2a fibers, coupled
with increases in MYBPH and LIMK1 in gastrocnemius
muscles from patients with PAD with progression,
highlight a potentially novel pathway whereby desta-
bilization of the contractile apparatus may underlie
reductions in Type 2a fiber size and may be an early
step toward fiber loss and progressive mobility decline.
These pathogenic alterations may be subsequent to
oxidative damage, preferentially affecting Type 2 fibers
and ultimately leading to fiber denervation and mobility
loss. Further study is needed to test these hypotheses.

The increased expression of CDKN1A and
NNMT transcripts in subjects with PAD progres-
sion compared with non-PAD is consistent with
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emerging studies linking advanced PAD to dysregu-
lated pathways involved in accelerated cellular senes-
cence.?%5859 CDKN1A, also known as p21 protein, is a
potent cyclin-dependent kinase inhibitor that regulates
cell cycle progression and is a marker of cellular se-
nescence. Silencing of CDKN1A expression in skeletal
muscle ischemic injury models in mice improved capil-
lary density and tissue perfusion.8%8" Similarly, NNMT,
a cytosolic enzyme overexpressed with aging, controls
the expression of nicotinamide molecules required for
nicotinamide adenine dinucleotide, a key age-related
regulator of metabolism and mitochondrial function in
skeletal muscles.?? Collectively, expression of these
markers raises the possibility that cellular senescence
may be deleterious in the PAD progression group.

Skeletal muscles of subjects in the PAD progression
group also exhibited increased expression of Hest,
a well-known downstream transcription factor in the
Notch signaling pathway linked to impaired angiogenic
responses.®® For example, deficiency of Hes1 leads
to defective endothelial cell invasion, proliferation, and
tube formation in vitro and reduced neovascularization
following hindlimb ischemia in mice.®* Inhibition of the
Hes1 upstream Notch ligand Delta-like 4 also impaired
sprouting angiogenesis and proper reparative angiogen-
esis in skeletal muscles following hindlimb ischemia.®®
Finally, deficiency of the Notch receptor Notch1 specifi-
cally in endothelial cells impaired angiogenesis following
ischemic injury in adductor muscles.®® Collectively, these
pathobiological correlative findings of the Notch signal-
ing pathway raise the possibility that increased expres-
sion of Hes1 in the PAD progression group may impede
appropriate endothelial sprouting and reparative angio-
genesis in gastrocnemius muscles of these patients.
Alternatively, increased Hes1 observed in the muscles
could be indicative of muscle repair. For example, Hes1
controls the proliferation and activation of muscle stem
cells in regenerating muscles.®” Furthermore, Hes1 also
drives the oscillatory expression of MyoD in muscle
stem cells, which we also observed in gastrocnemius
muscles of the PAD progression group.

Few genes differed significantly (with false discov-
ery rate adjusted P value <0.05) in participants without
PAD progression compared with participants without
PAD. However, among the above-mentioned genes
related to muscle contraction and skeletal muscle
development, several were significantly upregulated,
with nominal P value in the PAD no progression group
compared with non-PAD group (Table S3). Moreover,
the process of muscle contraction was represented
by the topmost significant pathway (false discovery
rate adjusted P value of 2.64E-05) in the PAD no pro-
gression compared with the non-PAD group (Table
S4). Taken together, these results suggest that the
process of muscle contraction may be upregulated in
subjects with PAD, irrespective of stages of disease
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progression; however, this process was more stim-
ulated in subjects with progression of disease com-
pared with nonprogressors and highlights a possible
pathway associated with mobility loss. Future studies
will be required to confirm these findings and assess
precise stage-specific roles.

miBNA-Seq revealed significant differences in the
expression of 26 miRNAs in patients with PAD progres-
sion compared with participants with non-PAD. miR-
451a was observed as the most frequently expressed
miRNA in muscle and was upregulated by 2-fold in the
PAD progression group compared with non-PAD. In
the mouse myoblast cell line C2C12, overexpression
of miR-451a inhibited myogenic differentiation, sug-
gesting an inhibitory role of this miRNA in myogene-
sis.%8 Using a combination of miRNA target prediction
algorithms (Figure 4D), data reported here showed that
miR-451a targets 3-oxoacid CoA-transferase (OXCT1),
an enzyme involved in mitochondrial ketone bodies
uptake and oxidation in skeletal muscle. OXCT1 ex-
pression is regulated by the coactivator peroxisome
proliferator-activated receptor gamma coactivator 1-
alpha, a coactivator implicated in angiogenesis and
atrophy in skeletal muscles, and was significantly in-
duced in skeletal muscles of human subjects under-
going exercise training compared with sedentary
controls.®® SLIT2 (slit guidance ligand 2), a member of
the secreted Slit family involved in vascular remodel-
ing, is a predicted target of miR-424-5p (Figure S5).
Slit2 overexpression in a mouse model decreases vas-
cular endothelial growth factor receptor 2-mediated
vascular permeability, blood perfusion, and capillary
enlargement in the limb.”® Given that miR-451a and
miR-424-5p are significantly upregulated and their tar-
gets OXCT1 and SLIT2 are significantly downregulated
in PAD progression compared with non-PAD, it is pos-
sible that enhanced expression of miR-451a and miR-
424-5p downregulates OXCT1 and SLIT2 expression.
Therefore, downregulation of OXCT1 and SLIT2 by
miR-451a and miR-424-5p could affect skeletal mus-
cle ketone uptake and catabolism and vascular remod-
eling. Taken together, these MIRNA-mMRNA analyses
provide new insights in the pathogenesis of PAD that
require further study.

Within the few dysregulated miRNAs captured from
sequencing, many have been explored in experimental
PAD in mice.”" For example, inhibition of miR-503 im-
proved blood flow recovery after hindlimb ischemia in
streptozotocin-induced diabetic mice.”? Furthermore,
miR-503 expression was elevated in limb muscles
of patients with diabetes undergoing lower limb am-
putation. Similar to miR-503, miR-223 also impairs
hindlimb blood flow recovery in murine experimental
PAD.”® Conversely, miR-424 found to be induced in
endothelial cells by hypoxia, in turn, further promotes
proangiogenic response by stabilizing HIF1a (hypoxia
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inducible factor 1-alpha) transcription.” In this regard,
miR-210 is known as the master hypoxia-inducible
miRNA (hypoxamiR) because it is regulated by HIF1a.
miR-210 is induced in experimental hindlimb ischemia
models and associated with muscle damage mediated
by mitochondrial oxidative stress.”® In a recent study
by Ismaeel et al, miR-210 expression increased in pa-
tients with increasing severity of PAD (with intermittent
claudication or critical limb ischemia) and negatively
correlated with mitochondrial respiration and walking
performance.”® However, the expression of miR-210
was not found to be modified in our PAD groups com-
pared with non-PAD. Several differences may account
for this, including that the study by Ismaeel et al used
a candidate approach by only focusing on a single
microRNA, miR-210, as well as likely differences in
baseline characteristics and definition of PAD severity
across groups. Collectively, these examples of miRNAs
involved with experimental limb ischemia inform poten-
tial mechanisms of disease in human PAD progression.

This study has limitations. First, the sample size
was small. There was little statistical power to detect
significant differences in gene and miRNA expression.
Findings should be considered exploratory. Second,
the study was limited to identification of biological
pathways that may differ between PAD (progression
and no progression) and non-PAD and whether these
pathways are activated or inhibited requires valida-
tion. Third, experimental validation of miRNA targets
was not performed. Fourth, there was no validation
of these findings in an independent data set of par-
ticipants with and without PAD. Fifth, given the small
sample size and the observational nature of these
analyses, no causal inferences can be made. Sixth,
because participants with PAD have comorbid dis-
eases, it is possible that the declines in 6-minute walk
distance were attributable to a factor other than PAD.
Seventh, all non-PAD participants were free of diabe-
tes while a few participants with PAD had diabetes;
therefore, differences in gene and miRNA expression
between participants with PAD and without PAD may
be influenced by diabetes. Eighth, participants with
PAD were taking a higher percentage of medications
such as statins or angiotensin-converting enzyme in-
hibitors or angiotensin receptor blockers. It is possi-
ble that these differences in medication use may have
resulted in confounding. However, both statins and
angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers confer anti-inflammatory, antiprolif-
erative effects in the pathobiology of atherothrombo-
sis. In addition, while clinical studies demonstrate that
statins reduced cardiovascular risk and amputation
risk in subjects with PAD, randomized clinical trials
have not demonstrated a significant effect of statins
on improved walking performance or prevention of dis-
ability in people with and without PAD.”""® Therefore, it
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seems unlikely that these differences in medications
would have meaningfully influenced results reported
here.

In summary, patients with PAD and functional de-
cline over 6 months exhibited differences in gene and
miRNA expression, signaling pathways, and Type 2a
muscle fiber size compared with participants with
non-PAD. Because some of these differences also
emerged in patients with PAD who did not lose walking
ability compared with participants without PAD, further
study is needed to confirm these findings and deter-
mine whether the transcripts may serve as potential
biomarkers for diagnosis and staging of disease and
whether the identified targets may serve as mediators
of the progression of PAD.
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Table S1: mRNA primer sets

primer

sequence

MYBPH

F: 5’-AGTATCAGAGTCCACCAGAGAAG -3’
R: 5’>-TGCAGGCTTAGTGGCTGTG -3’

ACTC1

F: 5’>-TCCCATCGAGCATGGTATCAT -3’
R: 5’-GGTACGGCCAGAAGCATACA -3’

CDKNIA

F: 5’>-TGTCCGTCAGAACCCATGC -3’
R: 5’>-AAAGTCGAAGTTCCATCGCTC -3’

PLA2G2A

F: 5’-ATGAAGACCCTCCTACTGTTGG -3’
R: 5’-GCTTCCTTTCCTGTCGTCAACT -3’

MYOG

F: 5°-GGGGAAAACTACCTGCCTGTC -3’
R: 5’-AGGCGCTCGATGTACTGGAT -3’

NNMT

F: 5’-ATATTCTGCCTAGACGGTGTGA -3’
R: 5°- TCAGTGACGACGATCTCCTTAAA -3’

HES1

F: 5°>-TCAACACGACACCGGATAAC -3’
R: 5’>-GCCGCGAGCTATCTTTCTTCA -3’

HAS2

F: 5’-CTCTTTTGGACTGTATGGTGCC -3’
R: 5’-AGGGTAGGTTAGCCTTTTCACA -3’

XAF1

F: 5’-GCTCCACGAGTCCTACTGTG -3’
R: 5’>-GTTCACTGCGACAGACATCTC -3’

ITGAS

F: 5’>-TCAGGCGTTCAACCTGGAC -3’
R: 5’-GCGTCGGGTATGTGGAAGTC -3’

[HNBA

F: 5’-CCTCCCAAAGGATGTACCCAA -3’
R: 5’-CTCTATCTCCACATACCCGTTCT -3°

L32

F: 5°-GTC AAG GAG CTG GAA GTG CT -3
R: 5-CTC TTT CCA CGA TGG CTT TG -3’




Table S2: miRNA primer sets

primer Cat. No.
hsa-miR-503-5p YP00204334
hsa-miR-223-3p YP00205986
hsa-miR-542-3p YP00205444
hsa-miR-450b-5p YP00205607
hsa-miR-135a-5p YP00204762
hsa-miR-130b-3p YP00204317
U6 SN RNA (v2) YP02119464




Table S3. Differential expression genes (adj pvalue < 0.05).

PAD progression vs Non-PAD.

gene_name | log2foldchange pvalue padjust
MYBPH 3.56323314 3.14E-13 5.09E-09
ACTC1 3.40807923 1.19E-08 4.83E-05
CDKN1A 2.32896987 6.02E-09 4.83E-05
RRAD 2.04899041 1.02E-08 4.83E-05
PLA2G2A 3.15141829 1.91E-08 6.20E-05
MYOG 1.24519907 2.86E-08 7.72E-05
NNMT 2.10839298 3.86E-08 8.93E-05
HES1 1.61129228 8.52E-08 0.00017251
CYR61 1.34985799 1.02E-07 0.00017268
RET -1.3892857 1.07E-07 0.00017268
IGSF22 2.56349568 2.05E-07 0.00030256
IFITM10 2.88001595 4.79E-07 0.00059659
ANKRD1 2.26152774 4.56E-07 0.00059659
TNFRSF12A 1.89446708 5.49E-07 0.00063592
TCIM -1.5059867 8.31E-07 0.00089803
HSPB1 2.03845933 1.56E-06 0.00157966
METTL7B 2.24417455 1.82E-06 0.00172525
MAGIX 1.38054113 1.92E-06 0.00172525
OAS3 -1.6941688 2.82E-06 0.00240808
JPT1 1.15235076 3.73E-06 0.00302142
PFKP 1.36896151 4.73E-06 0.00364836
RELB 1.55371129 5.53E-06 0.00407271
SORT1 0.81118309 7.71E-06 0.00543131
AL022323.1 1.63729604 8.35E-06 0.00563553
MIR503HG 2.75901297 1.11E-05 0.00612503
PIM1 1.57898965 9.72E-06 0.00612503
XIRP1 1.54964787 1.13E-05 0.00612503
AVPI1 1.32281973 1.12E-05 0.00612503




AC104083.1 -1.305126 1.06E-05 0.00612503
GUCA1B -1.3155593 1.12E-05 0.00612503
JMID4 1.43224826 1.40E-05 0.00675319
ADPRHL1 0.93038793 1.30E-05 0.00675319
RHOJ -0.8104624 1.41E-05 0.00675319
ESR1 -1.0324932 1.42E-05 0.00675319
BTN3Al -1.0795872 1.50E-05 0.00695246
VSIG10 -0.6811316 1.58E-05 0.00712614
SMCO4 1.44956928 1.63E-05 0.00713235
UBTD1 1.04546024 1.74E-05 0.00743972
ATP6V1FNB 1.80951518 1.91E-05 0.00794638
TDRD6 -1.277205 2.41E-05 0.00978203
TMASF19 2.43781389 2.49E-05 0.00984367
AC004556.1 6.98977934 2.92E-05 0.01013591
FGFBP2 2.64701876 2.86E-05 0.01013591
MYL5 1.3865659 2.85E-05 0.01013591
SEC61A1 0.69463258 2.94E-05 0.01013591
PDP1 -1.0985077 2.81E-05 0.01013591
MUC3A -1.2595795 2.83E-05 0.01013591
MAP3K20-AS1 1.54928274 3.32E-05 0.01114107
CSPG4 1.29850663 3.37E-05 0.01114107
GREB1 -1.2528006 3.48E-05 0.01126451
ITGA8 -1.534041 3.84E-05 0.01221387
ATOHS8 1.46583419 4.23E-05 0.01245321
PLEKHO1 1.04338921 4.13E-05 0.01245321
HELZ2 -1.0813292 4.19E-05 0.01245321
IFI44L -1.5323067 4.15E-05 0.01245321
DUSP8 0.94376848 4.35E-05 0.01258163
OTOF 1.88696999 4.50E-05 0.01264045
SLFN11 -0.8582215 4.52E-05 0.01264045
FXYD6 -1.1906106 4.63E-05 0.01272032
PLA1A 1.60398636 4.91E-05 0.01313699




PQLC2 1.06447528 4.95E-05 0.01313699
FAM174B 0.86794247 5.60E-05 0.01462986
RUNX1 1.53486698 5.83E-05 0.01500248
CRYAB 1.30806002 6.08E-05 0.01538977
RAPGEF5 -1.3429871 6.23E-05 0.01553934
KLHL30-AS1 0.96907809 6.40E-05 0.01570733
DOK7 1.11251979 7.18E-05 0.01736008
CHAC1 2.19371095 7.53E-05 0.01792329
GADDA45A 1.27057021 7.63E-05 0.01792329
HIST1H1C 1.1268417 7.94E-05 0.01812396
KCND3 -1.0374544 7.88E-05 0.01812396
XAF1 -1.724895 8.32E-05 0.01871476
AC104574.2 4.22655749 8.56E-05 0.0190091
S100A8 2.70374173 8.79E-05 0.01925395
FGF6 1.47971285 9.96E-05 0.02123706
AVPR1A -1.4726392 9.95E-05 0.02123706
AC108673.3 1.53359871 0.0001012 | 0.02129787
SLC6A1 -1.4547806 0.00010866 | 0.02257511
AKR1B10 1.33724834 0.00011259 | 0.02309606
ASCL5 2.09756597 0.00011669 | 0.02331013
PNMASA 1.21600828 0.00011795 | 0.02331013
LIN52 -0.8097177 0.00011635 | 0.02331013
ITGA7 0.57650191 0.00012431 | 0.02426934
GDNF 1.52439717 0.00013102 | 0.02527653
RASD1 1.18146385 0.00013738 | 0.02529847
AK1 0.89731648 0.00013655 | 0.02529847
BIN1 0.81695817 0.00013697 | 0.02529847
RSAD2 -1.0615315 0.00013506 | 0.02529847
CAPN5 -0.9496133 0.0001401 | 0.02551004
PPP1R27 1.24565715 0.00014663 | 0.02640165
ST20-AS1 1.27673466 0.00015563 | 0.02741441
ZNF519 -1.2728385 0.00015564 | 0.02741441




KITLG -1.2637183 0.00015998 | 0.02787557
NELFE 0.96745681 0.00016197 | 0.02792219
NIPSNAP1 -1.0427409 0.00016756 | 0.02858186
VGLL2 1.22365047 0.00018603 | 0.0314028
LTK 2.3759892 0.00022432 | 0.03228448
CGREF1 1.90673506 0.0002311 | 0.03228448
CTXND1 1.79309666 0.00021325 | 0.03228448
LIMK1 1.64817444 0.00021004 | 0.03228448
NQO1 1.57100638 0.0002266 | 0.03228448
ZNHIT2 1.56246542 0.00022466 | 0.03228448
EXOSC4 1.54086 0.00020582 | 0.03228448
AKR1C1 1.46492517 0.0002039 | 0.03228448
JAK3 1.32982365 0.00022896 | 0.03228448
DMPK 1.18119592 0.00021725 | 0.03228448
ADORA1 1.16128759 0.00021209 | 0.03228448
JUND 0.90101605 0.00023013 | 0.03228448
SERTAD3 0.89669267 0.00019653 | 0.03228448
RUNX1T1 -0.8791635 0.00022873 | 0.03228448
ITGA6 -0.9189098 0.00022574 | 0.03228448
PPM1K -1.0588769 0.00022819 | 0.03228448
RGS5 -1.0753099 0.00021651 | 0.03228448
HERC6 -1.1229155 0.00020587 | 0.03228448
DACH1 -1.1816344 0.00019473 | 0.03228448
LINC01197 -1.83923 0.00021865 | 0.03228448
MYL6 0.99589594 0.00023385 | 0.03238854
HSPB7 0.77145534 0.00023989 | 0.03294468
HIST1H3E -1.4751834 0.00024195 | 0.03294764
CDC42EP3 0.83665346 0.0002483 | 0.03325433
PLAGL1 -0.9611732 0.00024644 | 0.03325433
MT2A 1.71767414 0.00025245 | 0.03353169
TMEM189 0.82758329 0.00025957 | 0.03419735
ENTPD3 -1.6746954 0.0002661 | 0.03477556




ACTR1A 0.71432775 0.00027081 | 0.03510814
CEBPA 1.68744747 0.00027317 | 0.03513264
AKR1C2 1.72782718 0.00028136 | 0.03590166
PRRT3-AS1 1.3495623 0.00028856 | 0.03653245
AFAP1L2 -0.9394341 0.00029176 | 0.03665042
AL031590.1 2.41542393 0.00030234 | 0.03768823
FAM171B -1.3991353 0.00030471 | 0.0376928
FNDC4 2.10464411 0.00030978 | 0.03774429
OXCT1 -1.1244141 0.00030791 | 0.03774429
HAS2 -2.0328986 0.0003139 | 0.03796113
MYOD1 0.97699194 0.00031844 | 0.03822412
SQOR 1.02908185 0.00032425 | 0.03863562
RNF150 -0.9019409 0.00033122 | 0.03917864
MMP240S 1.03711363 0.00033758 | 0.03935364
LXN -1.0263093 0.00033643 | 0.03935364
SLIT2 -1.1215136 0.00033999 | 0.03935364
SCAND1 1.4845905 0.00034348 | 0.03947522
S100A2 2.16763653 0.00036213 | 0.04028514
CHEK?2 1.93646788 0.00036486 | 0.04028514
CTSD 1.68992494 0.00038316 | 0.04028514
ATF3 1.49667253 0.00038781 | 0.04028514
RIN1 1.35313423 0.00037012 | 0.04028514
AMPD3 1.1056534 0.00038659 | 0.04028514
MAP3K14 1.05343221 0.00035407 | 0.04028514
RUVBL2 1.02908536 0.00037278 | 0.04028514
AC020916.1 0.9775253 0.00037687 | 0.04028514
RARA 0.91928431 0.00038534 | 0.04028514
ZBTB40 -0.6020496 0.00037425 | 0.04028514
ZNF251 -0.6115635 0.00038178 | 0.04028514
SLC16A7 -1.3421763 0.00038229 | 0.04028514
AC074141.1 -1.521821 0.00038691 | 0.04028514
APCDD1L -1.6181629 0.00037366 | 0.04028514




CREB5 1.05777116 0.0003918 | 0.04044066
HSPB1P1 2.04703536 0.00040062 | 0.04108912
STK40 0.72815013 0.00040408 | 0.04118268
EEF2KMT 0.96913137 0.00041231 | 0.04175919
MFGES8 0.80203379 0.00041634 | 0.04190587
FTLP15 2.79232317 0.00041931 | 0.04194433
CHST3 0.84167537 0.00043602 | 0.04294247
AP002761.4 0.67728807 0.00043235 | 0.04294247
BCKDHB -0.8068094 0.00043814 | 0.04294247
SLC2A12 -1.0674921 0.00043989 | 0.04294247
CYP4F35P -1.4709138 0.00044356 | 0.04304166
PPME1 0.62887708 0.00046252 | 0.04435022
PROS1 -0.6779803 0.00046239 | 0.04435022
IL17RD -1.1524155 0.00046541 | 0.04436438
AC017104.4 -1.285144 0.0004691 | 0.04445506
ARPC4 1.24515402 0.00048148 | 0.04536259
ZNF358 1.35180768 0.00049266 | 0.04614743
CLCF1 1.79021808 0.00051073 | 0.04664969
H1FX 1.47150399 0.00051241 | 0.04664969
CHRNA1 1.32812283 0.00050435 | 0.04664969
ITGAL 1.11975858 0.00050739 | 0.04664969
1-sep 1.08057795 0.00050293 | 0.04664969
SDHAF2 1.14039711 0.00053218 | 0.04817849
TMEM238 1.85080902 0.00054252 | 0.04884206
PQLC1 1.0084411 0.00054847 | 0.04910458
SERGEF 1.05065286 0.00055202 | 0.04915078
HSPB8 0.77401974 0.00056358 | 0.04963493
NPHP1 -0.8547318 0.00056258 | 0.04963493
COL15A1 -0.9214258 0.00056799 | 0.04975298




PAD no progression vs Non PAD.

gene_name | log2foldchange pvalue padjust
ACOT11 -1.1821704 2.80E-07 0.00305
DKK2 -1.7881628 2.09E-07 0.00305
MTND1P23 -6.9448243 1.04E-06 0.00752707
PAD progression vs PAD no progression.
gene_name | log2foldchange pvalue padjust
MTND1P23 7.33737384 4.82E-09 7.70E-05
OAS3 -1.4840759 3.50E-08 0.00027937
HIST1H3E -2.5956997 1.86E-07 0.00099339
AKR1B10 1.857671 1.26E-06 0.0050386
HSPB1P1 2.25922051 6.95E-06 0.02220754
IF144L -1.5000827 1.14E-05 0.02607493
RRP12 1.30740578 1.10E-05 0.02607493
AC020637.1 | 2.98201455 1.49E-05 0.02969972




Table S4.
Significant biological pathways associated with differentially expressed genes (adj p < 0.05) between PAD progression and non-PAD group.

# | Networks p-value FDR Hits | Network Objects from Active Data
. MRLC, MYBPH, Alpha crystallin B, ACTC, GCAP2, Smooth muscle myosin, Actin muscle, nAChR
1| Muscle contraction 1.58358-08 1 2.0586E-:06 | 14 1 1 MELC, nACER alpza-l, Galpha(q)-specific peptide GPCRs, DI\\/I/PK, GCAP, Actin
MRLC, VGL-3, MYBPH, Alpha crystallin B, Smooth muscle myosin, Actin muscle, MELC, MYOG,
2 | Development_Skeletal muscle development 9.8771E-07 |6.4201E-05 |11 Actin, MYOD, ITGA7
3 | Cytoskeleton_Actin filaments 0.00025227 |0.01093175 |9 MRLC, Rhol, ACTC, ARPC4, Actin muscle, MELC, LIMK1, Nephrocystin, Actin
4 SRiza;Ti:L;ctlon_Feedmg and Neurohormone 0.00091653 | 0.02724331 |9 E:tPhZZF;::RDlCl, Pim-1, Integrin, ITGAL, MGF, Histone H3, Galpha(q)-specific peptide GPCRs,
Cell adhesion_Integrin-mediated cell-matrix . .
5 adhesion 0.00104782 [{0.02724331 |9 MRLC, ITGAS, ITGA6, Integrin, Cyr61, MELC, LIMK1, Actin, ITGA7
g | Cytoskeleton Regulation of cytoskeleton 0.00157137 | 0.03404626 |8 | MRLC, Rhol, ACTC, ARPC4, Actin muscle, MELC, LIMKZ, Actin
rearrangement
7 ;':::I'i:;a”Sd“Ct'O”—TGF'beta’ GDF and Activin 0.00249186 |0.04627739 |7  |p21, AP-1, Integrin, C/EBPalpha, MYOG, MYOD, JunD
8 |Inflammation_Amphoterin signaling 0.00292311 | 0.04750052 |6 MRLC, AP-1, Calgranulin A, MELC, LIMK1, Actin
9 |Signal Transduction_BMP and GDF signaling 0.00450504 | 0.06507287 |5 p21, C/EBPalpha, MYOG, MYOD, JunD
10 | Apoptosis_Apoptotic nucleus 0.01295634 |0.1544716 6 p21, Histone H3, Histone H1, Zacl, GADDA45 alpha, Chk2
11 | Inflammation_IL-6 signaling 0.0142721 |[0.1544716 5 p21, AP-1, JAK3, C/EBP, C/EBPalpha
12 | Signal transduction_ESR1-nuclear pathway 0.01522298 |0.1544716 7 p21, HSP27, ESR1 (nuclear), RARalpha, Zac1, SDP1, Cathepsin D
13 | DNA damage_Checkpoint 0.01679321 [ 0.1544716 5 p21, ATF-3, RUVBL2, GADD45 alpha, Chk2
14 | Immune response_Phagocytosis 0.0178473 |0.1544716 7 MRLC, Adenosine Al receptor, MFGES, C/EBP, MELC, LIMK1, Actin
15 | Cell adhesion_Attractive and repulsive receptors 0.0183777 |0.1544716 6 SLIT2, ITGAS6, Integrin, ITGAL, LIMK1, Actin
16 | Cell cycle_G1-S Interleukin regulation 0.01901189 |0.1544716 5 p21, AP-1, JAK3, RelB (NF-kB subunit), NIK(MAP3K14)
17 | Chemotaxis 0.0260862 |0.1994827 5 SLIT2, Integrin, Cyr61, Galpha(q)-specific peptide GPCRs, AML1 (RUNX1)
18 | Development_Keratinocyte differentiation 0.03264042 |0.2257126 3 p21, C/EBPalpha, JunD
19 | Cell cycle_S phase 0.03298876 |0.2257126 5 p21, Histone H3, Histone H1, GADD45 alpha, Chk2
20 | Inflammation_IL-2 signaling 0.03670573 | 0.234643 4 ESR1 (nuclear), AP-1, JAK3, ESR
21 | Cell cycle_G2-M 0.03790387 |0.234643 6 MRLC, p21, Histone H3, Histone H1, GADD45 alpha, Chk2
22 | Inflammation_Protein C signaling 0.04127422 |0.24389314 |4 Protein S, NIK(MAP3K14), LIMK1, Actin
23 | Reproduction_Progesterone signaling 0.04514801 |0.24819103 |6 ESR1 (nuclear), AP-1, PLA2, ESR1 (membrane), Galpha(q)-specific peptide GPCRs, Chk2
24 | Cell adhesion_Glycoconjugates 0.04581988 |0.24819103 |5 HAS, Integrin, HAS2, LIMK1, Actin




Significant biological pathways associated with differentially expressed genes (p < 0.05) between PAD no progression and non-PAD group.

# | Networks p-value FDR Hits | Network Objects from Active Data
K(+) channel, subfamily J, MELC, Myosin Il, ACTC, Galpha(i)-specific peptide GPCRs, MyHC, CFTR,
1 | Muscle contraction 2.0017€E-07 2.6463E-05 | 20 nAChR alpha-1, Actin, Alpha-actinin 2, MYL4, Alpha-actinin, G-protein alpha-i family, nAChR
delta, Galpha(q)-specific peptide GPCRs, MRLC, MYBPH, Alpha-actinin 3, Actin muscle, nAChR
Cell adhesion_Integrin-mediated cell-matrix Syndecan-4, ITGA2B, Galectin-1, MELC, ERM proteins, Integrin, MyHC, Tcf(Lef), TM4SF9, Cyclin
2 adhesion - 3.4819E-07 2.6463E-05 |22 D1, Actin, Alpha-actinin 2, PI3K cat class IA, Alpha-actinin, CDEP, VAV-1, MRLC, ITGAS, PI3K cat
class IA (p110-delta), Alpha-actinin 3, Cyr61, VIL2 (ezrin)
ESR1 (nuclear), Cyclin D2, Cyclin A2, p63, HES1, Tcf(Lef), PP2A regulatory, EGF, Cyclin D1, FZD2,
3 | Signal transduction_WNT signaling 5.0017E-06 0.00025342 | 18 G-protein alpha-i family, FZD5, Lef-1, Adenylate cyclase, TCF7 (TCF1), Frizzled, G-protein alpha-o,
WISP2
Cytoskeleton_Regulation of cytoskeleton CD43, MELC, Myosin Il, ERM proteins, ACTC, MyHC, Actin, Alpha-actinin 2, Alpha-actinin,
4 rearrangeme;t 8.0121E-06 0.00030446 | 18 Galpha(i)-specific amine GPCRs, G-protein alpha-i family, VAV-1, MRLC, G-protein alpha-o,
Alpha-actinin 3, Actin muscle, VIL2 (ezrin), 14-3-3
PLA2, MELC, Myosin Il, MyHC, PF4, Alpha-actinin 2, PI3K cat class IA, Alpha-actinin, G-protein
5 | Cell adhesion_Platelet aggregation 1.8033E-05 0.00048917 | 16 alpha-i family, Adenylate cyclase, VAV-1, MRLC, PI3K cat class IA (p110-delta), Slp76, Alpha-
actinin 3, Adenylate cyclase type VI
p21, Cyclin D2, Cyclin A2, p16INK4, PPP2R2B, STATS5, Tcf(Lef), PP2A regulatory, Cyclin A, EGF,
6 | Cell cycle_G1-S Growth factor regulation 1.931E-05 0.00048917 | 18 Cyclin D1, p14ARF, PI3K cat class IA, G-protein alpha-i family, FGF6, RelB (NF-kB subunit), PI3K
cat class IA (p110-delta), Cyclin D
Development_Hemopoiesis, Erythropoietin Cyclin D2, Cyclin A2, STATSA, STATS5, Cyclin A, HBB, Cyclin D1, PI3K cat class IA, Pim-1, CISH,
/ pathway >-0845E-05 0.00110406 | 14 TRPC2, VAV-1, PI3K cat class IA (p110-delta), Cyclin D
Cyclin D2, Galpha(q)-specific Class A Orphan/other GPCRs, STAT5A, Galpha(i)-specific peptide
Reproduction_Feeding and Neurohormone GPCRs, STATS, Integrin, ITGAL, PP2A regulatory, PI3K cat class IA, G-protein alpha-i family, Pim-1,
8 signaling 0.00017123 0.00325345 | 17 Galpha(q)-specific peptide GPCRs, MSP receptor (RON), GLI-1, G-protein alpha-o, Histone H3,
IBP3
9 | Inflammation_IL-10 anti-inflammatory response 0.00024934 0.00380377 | 10 Cyclin D2, Cyclin A?, STATSA, STATS5, PF4, Cyclin D1, PI3K cat class IA, Pim-1, PI3K cat class IA
(p110-delta), Cyclin D
. CD43, ppl2/A4, CCR3, Galpha(i)-specific peptide GPCRs, Integrin, PF4, PI13K cat class IA, CCR1, G-
10 | Chemotaxis 0.00025025 0.00380377 |13 protein alpha-i family, Galpha(q)-specific peptide GPCRs, CCR7, Cyr61, AML1 (RUNX1)
p21, CCR3, IL-31RA, Bcl-6, Dexras1, Galpha(i)-specific peptide GPCRs, EGF, Cyclin D1, PI3K cat
11 | Proliferation_Positive regulation cell proliferation | 0.00031522 0.00435578 | 17 class IA, Galpha(i)-specific amine GPCRs, CCR1, G-protein alpha-i family, Rap1GAP1, MSP
receptor (RON), MRLC, PI3K cat class IA (p110-delta), VEGF-C
12 | Cell cycle_G1-S Interleukin regulation 0.00042313 | 0.00535961 | 12 Fﬁié"gﬂgﬁ?;;ﬂ; ?azt'3:565”:':‘(16ﬂ’gLSe'lg)flg’yg'i:‘g““ D1, p14ARF, PI3K cat class IA, RelB
L MELC, Myosin I, ERM proteins, ACTC, MyHC, MYH10, Actin, Alpha-actinin 2, Alpha-actinin,
13 | Cytoskeleton_Actin filaments 0.00076805 0.00898026 | 14 MRLC, Alpha-actinin 3, Actin muscle, Nephrocystin, VIL2 (ezrin)
14 | Cell adhesion_Cadherins 0.00112577 0.01222263 | 14 Cadherin 8, RET, PTPRF (LAR), DKK2, Tcf(Lef), MAST205, Actin, Alpha-actinin 2, PI3K cat class IA,

Alpha-actinin, Reelin, Frizzled, WISP2, Alpha-actinin 3




ANGPTLA4, Galpha(i)-specific peptide GPCRs, STATS5, KLF5, PF4, EGF, PI3K cat class IA, Galpha(i)-

15 | Development_Blood vessel morphogenesis 0.00122013 0.01236402 | 16 specific amine GPCRs, CCR1, G-protein alpha-i family, Galpha(q)-specific peptide GPCRs, RelB
(NF-kB subunit), VEGF-C, F263, Cyr61, Transferrin
16 | Signal transduction_ESR1-membrane pathway 0.00151883 0.01433405 | 9 ESR'l (nuclear), Cyclin D2, ESR1 (membrane), EGF, Cyclin D1, PI3K cat class IA, G-protein alpha-i
family, Adenylate cyclase, Adenylate cyclase type VII
Abobtosis Anti-Apoptosis mediated by external Bcl-6, GDNF, RAET1E, c-IAP2, PP2A regulatory, EGF, PI3K cat class IA, BDNF, Caspase-7, G-protein
17 .p P . pop ¥ 0.00160315 0.01433405 | 16 alpha-i family, Adenylate cyclase, Beta-2 adrenergic receptor, FGF6, G-protein alpha-o, VEGF-C,
signals via PI3K/AKT
Adenylate cyclase type VI
ESR1 (nuclear), PLA2, ESR1 (membrane), Cyclin A2, Chk2, Tcf(Lef), Cyclin A, EGF, PI3K cat class IA,
18 | Reproduction_Progesterone signaling 0.0019118 0.01614409 | 15 G-protein alpha-i family, AKAP3, Lef-1, Adenylate cyclase, Galpha(q)-specific peptide GPCRs,
Frizzled
CCR3, Galphal(i)-specific peptide GPCRs, PI3K cat class IA, Alpha-actinin, ITK, CCR1, G-protein
19 | Cell adhesion_Leucocyte chemotaxis 0.00280773 0.02246182 | 13 alpha-i family, Rap1GAP1, Galpha(q)-specific peptide GPCRs, VAV-1, PI3K cat class IA (p110-
delta), Slp76, CCR7
20 | Inflammation_IL-2 signaling 0.00381207 0.02897175 | 9 ESR1 (nuclear), Cyclin D2, STAT5A, STATS5, PI3K cat class IA, CCR1, CISH, ESR, PI3K cat class IA
(p110-delta)
. MELC, Myosin Il, ERM proteins, MyHC, Actin, Alpha-actinin 2, PI3K cat class IA, Alpha-actinin,
21 | Immune response_Phagocytosis 0.00687431 1 0.04975683 | 14 |\ 1 MRLC, PI3K cat class IA (p110-delta), SIp76, Alpha-actinin 3, VIL2 (ezrin)
. . SLIT3, MELC, ERM proteins, Integrin, Semaphorin 5A, MyHC, MYH10, Actin, PI3K cat class IA,
22 | Development_Neurogenesis_Axonal guidance 0.0086134 0.05760145 | 14 Reelin, BONF, NRCAM, DCAMKLL, Plexin Ad
23 | Development_Hedgehog signaling 0.00871601 0.05760145 | 15 p21, p63, HOXA1'3, HES1, Cyclln. D1, HIP, FZD2, G-protein alpha-i family, FZD5, Lef-1, Adenylate
cyclase, GLI-1, Frizzled, G-protein alpha-o, Adenylate cyclase type VII
24 | Cell cycle_G1-5 0.00914202 0.05789946 | 11 2_231, Cyclin D2, Cyclin A2, p16INK4, Chk2, Cyclin A, 14-3-3 sigma, Cyclin D1, p14ARF, Cyclin D, 14-
25 | Development_Skeletal muscle development 0.01044774 0.06352226 | 10 Myostatin, Collagen V, MELC, Myosin Il, MyHC, Actin, MYL4, MRLC, MYBPH, Actin muscle
26 | DNA damage_Checkpoint 0.01180511 0.06901451 |9 p21, Cyclin D2, Cyclin A2, Chk2, Cyclin A, 14-3-3 sigma, Cyclin D1, Cyclin D, 14-3-3
. . L . ESR1 (nuclear), CCR3, Galphal(i)-specific peptide GPCRs, M-Ras, G-protein alpha-i family,
27 |S IT duct Chol tok | 0.01383324 0.07787603 | 8
lgnal Transduction_tholecystokinin sighaling Adenylate cyclase, Galpha(q)-specific peptide GPCRs, Adenylate cyclase type VII
p21, ANGPTL4, ACTC, Galpha(i)-specific peptide GPCRs, STAT5, Semaphorin 5A, PF4, PI3K cat
28 | Development_Regulation of angiogenesis 0.01506344 0.08177297 | 13 class IA, CCR1, G-protein alpha-i family, Galpha(q)-specific peptide GPCRs, GLI-1, RelB (NF-kB
subunit)
Apoptosis_Anti-apoptosis mediated by external Bcl-6, c-IAP2, PP2A regulatory, PI3K cat class IA, Caspase-7, G-protein alpha-i family, Adenylate
29 signals via NF-kB 0.01785575 009358878 | 8 cyclase, FN14(TNFRSF12A)
. . . . p21, IL-2R gamma chain, Cyclin D2, CD43, STAT5A, STATS5, TEC, ICOS-L, PI3K cat class IA, VAV-1,
30 | Proliferation_Lymphocyte proliferation 0.02268365 0.11389787 |12 PI3K cat class IA (p110-delta), SIp76
31 | Cell adhesion_Glycoconjugates 0.02322917 0.11389787 | 10 CDA43, Galectin-1, Galectin-4, Integrin, PF4, TEC, L-selectin, Actin, BDNF, NRCAM
32 | Signal transduction_CREM pathway 0.02711866 0.12881361 | 7 Cyclin D2, Cyclin A2, EGF, AKAP3, Adenylate cyclase, Beta-2 adrenergic receptor, SYTL4
33 | Transport_Calcium transport 0.02889141 013307559 | 11 Calgranull.n A, NCKX3, CACNB2, PDP1, P2X3, nAChR alpha-1, nAChR delta, TRPC2, Otoferlin,
Calsyntenin-1, Ca-ATPase2
34 | Apoptosis_Apoptotic mitochondria 0.03045063 0.13613223 |6 GDNF, CFTR, PI13K cat class |A, Glutaredoxin, 14-3-3, Glutaredoxin 1
35 | Cell adhesion_Attractive and repulsive receptors | 0.03565215 015483218 | 10 SLIT3, Galectin-1, Integrin, Semaphorin 5A, ITGAL, Actin, PI3K cat class IA, NRCAM, PI3K cat class

IA (p110-delta), Plexin A4




K(+) channel, subfamily J, Alpha-actinin 2, Alpha-actinin, SHANK, SHANK2, Calsyntenin-1, Alpha-

proliferation

36 | Cell adhesion_Synaptic contact 0.03936865 0.1662232 |10 actinin 3, GIUR1, SHANKL, DLGAP3 (SAPAP3)

37 ;E::I'i:;a”Sd“CtiO”—TGF'beta’ GDFand Activin 14 51114131 | 0.16901295 | 9 p21, Cyclin D2, Myostatin, Integrin, PP2A regulatory, Cyclin D1, PI3K cat class IA, Lef-1, VAV-1

38 | Cell cycle_Meiosis 0.04270597 0.17082388 | 7 Myelin basic protein, PP2A regulatory, Cyclin A, EGF, 14-3-3 sigma, PI3K cat class IA, 14-3-3

39 | Cell cycle_G2-M 0.04466214 0.17406784 | 11 p21, Cyclin A2, Myosin Il, Chk2, Cyclin A, EGF, 14-3-3 sigma, MRLC, TXNL4B, Histone H3, 14-3-3
40 Egrsdiac development_Role of NADPH oxidase and | 15309,3 | 17641895 | 8 NOX4, ESR1 (nuclear), Bcl-6, HEXIM1, MyHC, MYH10, Caspase-7, DHA2

a1 Proliferation_Negative regulation of cell 0.04758669 0.17641895 | 10 p21, Galpha(i)-specific peptide GPCRs, Cyclin D1, PI3K cat class IA, CCR1, G-protein alpha-i family,

IBP, IL6RA, IBP3, CGR11

Significant biological pathways associated with differentially expressed genes (p < 0.05) between PAD progression and PAD no progression group.

# | Networks p-value FDR Hits | Network Objects from Active Data
Alpha crystallin B, HB-EGF, Myosin Il, FHL3, MYL4, Syntrophin A, ANKRD2, Collagen IV,
1 | Development_Skeletal muscle development 8.9827E-08 1.4193E-05 |24 p38gamma (MAPK12), MELC, CRP3 (MLP), MyHC, Actin, VGL-3, p38 MAPK, MRLC, MURF2,
Filamin C, Actin muscle, Lamin A/C, MYOG, alpha-MHC, MYOD, ITGA7
Cytoskeleton_Regulation of cytoskeleton Plectin 1, Profilin I, Tubulin gamma, Dematin, Myosin I, ARPC1A, ACTC, ROCK, Band 4.1-like
2 rearrangeme;t 7.8403E-07 6.1938E-05 |26 protein 2, PARD3, Profilin, CAS-L, RhoJ, MELC, LIMK1, Tubulin gamma 1, ARPC1, MyHC, Actin,
ECT2, Zyxin, MRLC, ROCK1, ARPC4, Filamin C, Actin muscle
Plectin 1, Profilin I, Dematin, Myosin Il, ARPC1A, ACTC, ROCK, Band 4.1-like protein 2, Profilin,
3 | Cytoskeleton_Actin filaments 4.4086E-06 0.00023219 (24 CAS-L, RhoJ, MELC, LIMK1, DAAM1, CapG, ARPC1, MyHC, Actin, Zyxin, MRLC, ROCK1, ARPC4,
Filamin C, Actin muscle
Alpha crystallin B, Myosin I, ACTC, HRC, ROCK, DMPK, MYL4, Syntrophin A, Galpha(q)-specific
4 | Muscle contraction 3.7102E-05 0.00146551 | 22 peptide GPCRs, MYBPC3, ANKRD2, G-protein alpha-q/11, Syntaxin 1A, MELC, GCAP, MyHC,
Actin, MRLC, EDNRA, GCAP2, Actin muscle, alpha-MHC
HB-EGF, HMGI/Y, Histone H2AX, STAT5A, STATS5, Par-4, G-protein alpha-g, Bax, p90RSK1, DEDD,
5 | Reproduction_Male sex differentiation 0.00031054 |0.00981321 |25 G-protein alpha-q/11, p21, SHBG, HSP70, FASN, ATF-2, Tubulin gamma 1, Histone H2, Histone
H2A, p38 MAPK, H-Ras, HSPA1A, RARalpha, Histone H1, Lamin A/C
. . 4E-BP1, STATSA, AKR1C1, STATS, G-protein alpha-q, Bax, MSP, Galpha(q)-specific peptide
6 SRiZﬂ;Ti::Ct'on—FeEd'ng and Neurohormone 0.00058544 |0.01375537 |22 | GPCRs, Histone H3, G-protein alpha-g/11, Endothelin-1, DCOR, MGF, HSP70, c-Kit,
Antileukoproteinase 1, PP2A structural, HSP27, Pim-1, H-Ras, Cathepsin D, PREB
7 | Protein folding_Response to unfolded proteins 0.00060941 |[0.01375537 |11 UIP5, VCP, Kinesin light chain, HSP70, HSPB7, OSP94, HSP27, DNAJB2, HSPA1A, AMFR, HSPA1B
HB-EGF, Casein kinase Il, beta chain (Phosvitin), G-protein alpha-q, WNT5A, G-protein alpha-
8 | Signal transduction_WNT signaling 0.0010227 0.02019842 |19 g/11, CUX1, p38gamma (MAPK12), Fra-1, FRAT1, DAAM1, HES1, PP2A structural, WNT, p38
MAPK, NF-AT2(NFATC1), NF-AT, Frizzled, WNT6, MYOD
. L . NFKBIB, I-kB, ROCK, p38gamma (MAPK12), MELC, LIMK1, MyHC, Actin, p38 MAPK, TLR4, H-Ras,
9 |Inflammation_Amphoterin signaling 0.00180061 |0.03161079 |14 NFKBIE. MRLC, ROCK1
10 | Inflammation_IL-10 anti-inflammatory response | 0.0033103 | 0.05230281 |11 |\ KBIB, Heme oxygenase 1, I-kB, STATSA, STATS, TIA-1, p38gamma (MAPK12), p38 MAPK, Pim-
1, TLR4, NFKBIE
Cell adhesion_Integrin-mediated cell-matrix CD151, Profilin I, ITGA1, ROCK, ITGAS6, Profilin, Collagen IV, MELC, LIMK1, Myosin X,
11 adhesion 0.00402702 | 0.05784262 | 20 Osteonectin, MyHC, Actin, Zyxin, H-Ras, MRLC, ROCK1, Filamin C, RhoGDI alpha, ITGA7




12 | Apoptosis_Apoptotic mitochondria 0.00496849 |0.06080427 |10 BAD, BOK, TIP30, Bax, PR65-alpha, NIP1, HSP70, BAG-3, ASK1 (MAP3KS5), Cathepsin D
. . AHR, NRIF3, Ku70, Par-4, Bax, PREG3, GADD45 gamma, TIA-1, Histone H3, p21, NDPK A, MDA-5,
13 | Apoptosis_Apoptotic nucleus 0.00539478 |0.06080427 |16 Zacl, Histone H1, Lamin A/C, Proline oxidase 1
14 | Inflammation Inflammasome 000571918 |0.06080427 |13 CARD7, NFKBIB, I-kB, IL-18, p38gamma (MAPK12), MDA-5, TNF-R1, p38 MAPK, TLR4, NFKBIE, IL-
- 33, CARDS, elF2B4
SPHK1, HB-EGF, I-kB, ACTC, STATS5, VEGFR-1, VEGFR-2, Galpha(q)-specific peptide GPCRs, RelB
15 | Development_Regulation of angiogenesis 0.00577256 | 0.06080427 |20 (NF-kB subunit), G-protein alpha-q/11, p21, IL-18, Endothelin-1, Osteonectin, RAI, H-Ras,
Cathepsin B, EDNRA, PRK1, ITGA7
. . . . SPHK1, NFKBIB, I-kB, ROCK, NIK(MAP3K14), LIMK1, Protein S, Actin, Coagulation factor VIII,
16 | Inflammation_Protein C signaling 0.00638005 |0.06300302 |12 TLR4, NFKBIE, ROCK1
17 | Development_Keratinocyte differentiation 0.00690604 |0.06418554 |8 GATA-3, G-protein alpha-g/11, p21, Fra-1, VDR, ASK1 (MAP3K5), H-Ras, C/EBPalpha
. . . HB-EGF, ECE2, MYBPC3, G-protein alpha-q/11, BARX2, Endothelin-1, MyHC, HAS2, ZFPM1
18 | Cardiac development_FGF_ErbB signaling 0.00751585 |0.0659725 |13 (FOG), H-Ras, EDNRA, RARalpha, alpha-MHC
19 Cardiac develo'pmen't_V\./nt_t')eta-caten|n, Notch, 0.015902 0.13223764 |14 VEGFR-1, CMYA1, G-protein alpha-q, VEGFR-Zf MYBPC3, G-protein alpha-q/11, CRP3 (MLP),
VEGF, IP3 and integrin signaling HES1, MyHC, WNT, NF-AT2(NFATC1), GYS1, Frizzled, alpha-MHC
. . . . . CCL5, NFKBIB, I-kB, ROCK, PTGIS, iPLA2, PA2G6, iNOS, G-protein alpha-g/11, IL-18, p38gamma
20 | Inflammation_Histamine signaling 0.01815751 |0.14187851 |18 (MAPK12), PLA2, LIMK1, Actin, p38 MAPK, NF-AT2(NFATC1), NFKBIE, ROCK1
. . NRIF3, BLOS1, STAT5A, VEGFR-2, CYP1B1, SDP1, p90RSK1, COMT, BARX2, p21, Zacl, HSD17B1,
21 | Signal transduction_ESR1-nuclear pathway 0.01894852 [0.14187851 |18 HSP27, MRF-1, H-Ras, p90Rsk, Cathepsin D, RARalpha
Apoptosis_Anti-apoptosis mediated by external BAD, I-kB, OX40(TNFRSF4), VEGFR-2, NIK(MAP3K14), TNF-R1, PP2A structural, TLR4, H-Ras,
22 - 0.01975524 |0.14187851 |11
signals via NF-kB p90Rsk, FN14(TNFRSF12A)
. . GAB2, Myosin I, ROCK, ADAM-TS13, G-protein alpha-g, PTGIS, G-protein alpha-q/11, Collagen
23 | Cell adhesion_Platelet aggregation 0.02270566 |0.15597798 |14 IV, PLA2, MELC, MyHC, Gab, MRLC, ROCK1
. Profilin I, MFGES, NFKBIB, C/EBP, Myosin Il, I-kB, ROCK, Profilin, p38gamma (MAPK12), MELC,
24 | Immune response_Phagocytosis 0.02525484 |0.16626104 |18 LIMK1, MyHC, Actin, p38 MAPK, TLR4, NFKBIE, MRLC, ROCK1
. Casein kinase I, beta chain (Phosvitin), Histone H2AX, Sirtuin, Ku70, RAD51L3, Histone H3,
25 | DNA damage_DBS repair 0.02645812 |0.16721534 |11 RUVBL2, PIRS1, PP2A structural, Sirtuin7, NMP200
26 | Inflammation_IL-2 signaling 0.03077133 |0.18699498 |10 BAD, NFKBIB, I-kB, STAT5A, STATS5, p38 MAPK, H-Ras, NF-AT2(NFATC1), NFKBIE, NF-AT
Reproduction_Spermatogenesis, motility and HB-EGF, MFGES8, HMGI/Y, Histone H2AX, STAT5A, STATS5, p90RSK1, SHBG, SPAG17, HSP70, ATF-
27 copulation 0.03555807 | 0.20808056 | 18 2, HSP27, Histone H2, Histone H2A, H-Ras, HSPA1A, RARalpha, Histone H1
)8 S.lgnaI'Transductlon_TGF-beta, GDF and Activin 0.03870045 | 021195036 | 13 GATA-3, MECOM, p21, ATF-2, c-Kit, CtBP1, PP2A structural, p38 MAPK, H-Ras, C/EBPalpha,
signaling GDF9, MYOG, MYOD
. Heme oxygenase 1, Histone H2AX, I-kB, Ku70, GADD45 gamma, p21, p38gamma (MAPK12),
29 | DNA damage_Checkpoint 0.04038446 |0.21195036 |11 RUVBL2, ATF-2, p38 MAPK, ANAPC7
30 | Inflammation_IFN-gamma signaling 0.04063054 |0.21195036 |10 CCL5, NFKBIB, I-kB, iNOS, p21, IL-18, ATF-2, p38 MAPK, TLR4, NFKBIE
31 | Inflammation_IgE signaling 0.0415852 021195036 | 12 S‘?BZ, NFKBIB, I-kB, PTGIS, PLA2, ATF-2, p38 MAPK, H-Ras, NF-AT2(NFATC1), NFKBIE, CBR1, NF-
. . . . . . RhoG, GAB2, VEGFR-1, G-protein alpha-q, G-protein alpha-q/11, p21, Endothelin-1, Fra-1, MGF,
32 | Proliferation_Positive regulation cell proliferation |0.043198 0.21329013 |17 ATF-2, c-Kit, H-Ras, 1SG20, MRLC, Neuropilin-1, CSPG4 (NG2), EDNRA
33 | Translation_Regulation of initiation 004672169 1022369777 | 11 Casein kinase I, beta chain (Phosvitin), 4E-BP1, MNK2(GPRK7), G-protein alpha-q, G-protein

alpha-q/11, p38gamma (MAPK12), HSP27, p38 MAPK, elF3S9, H-Ras, elF2B4




Apoptosis_Apoptosis stimulation by external
signals

BAD, HB-EGF, Acid sphingomyelinase, I-kB, G-protein alpha-g, Bax, TNF-R1, FLASH, TrkC, ASK1

‘ 0.04977783 ‘ 0.22862671 ‘ 12 (MAP3K5), H-Ras, Cathepsin D




Table SS5. Differential expression analysis

PAD progression vs Non PAD

miRNAs log2FC PValue FDR

hsa-miR-223-3p 1.41805585 3.26E-09 1.08E-06
hsa-miR-135a-5p -2.1345353 2.68E-06 | 0.00044297
hsa-miR-503-5p 1.5216993 4.95E-06 | 0.00054494
hsa-miR-451a 1.0035613 1.67E-05|0.00138122
hsa-miR-142-5p 0.79598806 5.43E-05 [ 0.00250688
hsa-miR-16-2-3p 0.8511787 3.99E-05 | 0.00250688
hsa-miR-450b-5p | 1.20340263 5.38E-05 [ 0.00250688
hsa-miR-542-3p 1.34129627 6.08E-05 | 0.00250688
hsa-miR-146a-5p | 0.88474104 | 0.00010369 | 0.00342187
hsa-miR-424-5p 1.00660843 9.94E-05 | 0.00342187
hsa-miR-7-5p 0.67914456| 0.0001639 |0.00491693
hsa-miR-142-3p 0.74017088 | 0.00039054 | 0.00920552
hsa-miR-130b-3p | 0.81332413|0.00038201 | 0.00920552
hsa-miR-942-5p 0.87370897 | 0.00035388 | 0.00920552
hsa-miR-141-3p 0.75041965 | 0.00054002 | 0.01113796
hsa-miR-542-5p 1.12163229| 0.0005193|0.01113796
hsa-miR-25-3p 0.60617785 |0.00070703 | 0.01372478
hsa-miR-15b-3p 0.69841591 | 0.00080068 | 0.01467908
hsa-miR-19b-3p 0.55332367| 0.0009063 |0.01574101
hsa-miR-452-5p 1.11680545|0.00137657 | 0.02271345
hsa-miR-21-3p 0.9485453 | 0.00173807 | 0.02731252
hsa-miR-93-5p 0.57612409 | 0.00280792 | 0.04211879
hsa-miR-185-5p 0.60779214 | 0.00298856 | 0.04287936
hsa-miR-629-5p 0.66591532|0.00319418 | 0.04391999
hsa-miR-19a-3p 0.53153065 | 0.00360498 | 0.04729794
hsa-miR-144-5p 0.645442 | 0.0037265 |0.04729794




Table S6. miRNA-mRNA interaction analysis of PAD progression vs Non PAD groups. Differentially expressed (adjusted P<0.05) miRNAs and mRNAs

were used to identify miRNA-mRNA pairings with opposite expression. miRNA target prediction databases and confidence filter are also shown.

mIRNA log2FC padj Source Confidence mRNA log2FC padj

hsa-miR-503-5p 1.52 0.0005 TargetScan Human Moderate (predicted) RET -1.39 0.0002
hsa-miR-424-5p 1.01 0.0034 TargetScan Human Moderate (predicted) RET -1.39 0.0002

hsa-miR-7-5p 0.68 0.0049 TargetScan Human Moderate (predicted) OAS3 -1.69 0.0024

hsa-miR-21-3p 0.95 0.0273 TargetScan Human Moderate (predicted) GUCAIB -1.32 0.0061
hsa-miR-503-5p 1.52 0.0005 TargetScan Human Moderate (predicted) RHOJ -0.81 0.0068
hsa-miR-130b-3p 0.81 0.0092 TargetScan Human High (predicted) ESRI1 -1.03 0.0068
hsa-miR-19b-3p 0.55 0.0157 TargetScan Human,miRecords Experimentally Observed,High (predicted) ESRI1 -1.03 0.0068
hsa-miR-185-5p 0.61 0.0429 TargetScan Human Moderate (predicted) RHOJ -0.81 0.0068
hsa-miR-142-3p 0.74 0.0092 TargetScan Human Moderate (predicted) ITGAS -1.53 0.0122

hsa-miR-25-3p 0.61 0.0137 TargetScan Human Moderate (predicted) ITGAS -1.53 0.0122

hsa-miR-25-3p 0.61 0.0137 TargetScan Human Moderate (predicted) SLC6A1 -1.46 0.0226
hsa-miR-141-3p 0.75 0.0111 TargetScan Human Moderate (predicted) RSAD2 -1.06 0.0253
hsa-miR-542-3p 1.34 0.0025 TargetScan Human Moderate (predicted) CAPNS -0.95 0.0255
hsa-miR-424-5p 1.01 0.0034 Ingenuity Expert Findings Experimentally Observed KITLG -1.26 0.0279
hsa-miR-15b-3p 0.70 0.0147 TargetScan Human Moderate (predicted) KITLG -1.26 0.0279
hsa-miR-503-5p 1.52 0.0005 TargetScan Human Moderate (predicted) RGSS5 -1.08 0.0323
hsa-miR-16-2-3p 0.85 0.0025 TargetScan Human Moderate (predicted) RGSS5 -1.08 0.0323
hsa-miR-450b-5p 1.20 0.0025 TargetScan Human Moderate (predicted) RGSS5 -1.08 0.0323
hsa-miR-424-5p 1.01 0.0034 TargetScan Human High (predicted) RGSS5 -1.08 0.0323
hsa-miR-424-5p 1.01 0.0034 TargetScan Human High (predicted) RUNXITI -0.88 0.0323
hsa-miR-141-3p 0.75 0.0111 TargetScan Human Moderate (predicted) ITGA6 -0.92 0.0323
hsa-miR-542-5p 1.12 0.0111 TargetScan Human Moderate (predicted) ITGA6 -0.92 0.0323

hsa-miR-25-3p 0.61 0.0137 TargetScan Human Moderate (predicted) ITGA6 -0.92 0.0323
hsa-miR-15b-3p 0.70 0.0147 TargetScan Human Moderate (predicted) RGSS5 -1.08 0.0323
hsa-miR-19b-3p 0.55 0.0157 TargetScan Human Moderate (predicted) RUNXITI -0.88 0.0323

hsa-miR-21-3p 0.95 0.0273 TargetScan Human Moderate (predicted) ITGA6 -0.92 0.0323

hsa-miR-21-3p 0.95 0.0273 TargetScan Human Moderate (predicted) RUNXITI -0.88 0.0323
hsa-miR-144-5p 0.65 0.0473 TargetScan Human High (predicted) RGSS5 -1.08 0.0323
hsa-miR-503-5p 1.52 0.0005 TargetScan Human Moderate (predicted) PLAGLI1 -0.96 0.0333
hsa-miR-16-2-3p 0.85 0.0025 TargetScan Human Moderate (predicted) PLAGLI1 -0.96 0.0333
hsa-miR-424-5p 1.01 0.0034 TargetScan Human Moderate (predicted) PLAGLI1 -0.96 0.0333
hsa-miR-942-5p 0.87 0.0092 TargetScan Human Moderate (predicted) ENTPD3 -1.68 0.0348
hsa-miR-135a-5p -2.14 0.0004 TargetScan Human High (predicted) AKRICI1 1.73 0.0359

hsa-miR-451a 1.00 0.0014 TargetScan Human Moderate (predicted) OXCT!1 -1.12 0.0377
hsa-miR-16-2-3p 0.85 0.0025 TargetScan Human Moderate (predicted) OXCT!1 -1.12 0.0377
hsa-miR-503-5p 1.52 0.0005 TargetScan Human Moderate (predicted) SLIT2 -1.12 0.0394
hsa-miR-424-5p 1.01 0.0034 TargetScan Human High (predicted) SLIT2 -1.12 0.0394
hsa-miR-135a-5p -2.14 0.0004 TargetScan Human Moderate (predicted) RARA 0.92 0.0403

hsa-miR-21-3p 0.95 0.0273 TargetScan Human Moderate (predicted) IL17RD -1.15 0.0444
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Figure S1. RT-gPCR analysis of top differentially regulated transcripts in non-PAD and
PAD progression groups. (A) upregulated transcripts: CDKN1A, cyclin dependent
kinase inhibitor 1A; PLA2G2A, phospholipase A2 group IIA; NNMT, Nicotinamide N-
Methyltransferase; HES1, Hes Family BHLH Transcription Factor 1; ACTC1, Actin
Alpha Cardiac Muscle 1; MYBPH, Myosin Binding Protein H; MYOG, myogenin; (B)
downregulated transcripts: ITGAS8, Integrin Subunit Alpha 8; XIAP Associated Factor 1;
INHBA, Inhibin Subunit Beta A; HAS2, Hyaluronan Synthase 2. (C) Western blot
analysis of MYBPH (open arrow) with tissue lysate from skeletal muscle biopsies of



individuals without PAD (peripheral artery disease) and diagnosed with PAD; PAD pr.:
PAD progression; PAD no-pr.: PAD no progression; MWM: molecular weight marker. 1-
16: individual sample lanes (sample group indicated above).



Figure S2
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Figure S2. Visualization of gene networks of the “Inflammation Amphoterin signaling”
(A) and “Signal Transduction TGF-beta, GDF and activin signaling” (B) pathways. Blue
targets indicate downregulation; red targets indicate upregulation. S100A8, S100
calcium binding protein A8; NF-«B, NF-kappa B; c-Raf-1, proto-oncogene,
serine/threonine kinase; PAK1, P21 (RAC1) Activated Kinase 1); MYL5, Myosin Light
Chain 5; MyHC, Myosin heavy chain; MYL6, Myosin Light Chain 6; IL-12, interleukin-12;



VCAM1, vascular adhesion molecule-1; ICAM1, intercellular adhesion molecule-1; IL-6,
interleukin-6; CCL2, C-C Motif Chemokine Ligand 2; ERK1/2, mitogen-activated protein
kinase 1 and 2; LIMK2, LIM Domain Kinase 2; ARP2/3, Actin Related Protein 2/3;
LIMK1, LIM Domain Kinase 1; ITGAL, Integrin Subunit Alpha L; CaMK I,
Calcium/Calmodulin Dependent Protein Kinase Il Alpha; PLAUR, Plasminogen
Activator, Urokinase Receptor; CREB1, CAMP Responsive Element Binding Protein 1;
JUND, Proto-Oncogene AP-1 Transcription Factor subunit; SMAD4, SMAD Family
Member 4; CEBPA, CCAAT Enhancer Binding Protein Alpha; CDK4, Cyclin Dependent
Kinase 4; MYOD, myoblast determination protein 1; MYF6, Myogenic Factor 6; MYOG,
myogenin; SMAD3, SMAD Family Member 3, CDKN1A, Cyclin Dependent Kinase
Inhibitor 1A.



Figure S3
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Figure S3. No difference in fiber type frequency, average fiber size, satellite cell
abundance, or macrophage populations in gastrocnemius muscle from people
with PAD (with or without progression) and non-PAD. A) Scatter plot showing the
frequency of each fiber type (% of Total) within gastrocnemius muscle biopsies. Each
circle or rectangle represents an individual subject, bars indicate mean + SEM. B)
Average cross-sectional area for all muscle fibers measured within people without PAD
(non-PAD; n=7), people with PAD without functional decline (PAD no prog; n=6) and
people with PAD and functional decline (PAD prog; n=6). Each circle or rectangle
represents an individual subject, bars indicate mean + SEM. C) Scatter plot showing
quantification of satellite cell abundance. Satellite cells were identified as Pax7+ nuclei
and data are expressed per 100 muscle fibers. Each circle or rectangle represents an
individual subject, bars indicate mean + SEM. D-F) No difference in macrophage
populations between groups, quantified using CD11b (pan macrophage marker) and
CD206 (M2-like macrophage marker). Scatter plots show quantification of: D) total
macrophages (total CD11b+), E) M2-like macrophages (CD11b+/CD206+) and M1-like
macrophages (CD11b+/CD206-). Each circle or rectangle represents an individual
subject, bars indicate mean + SEM. A-F) Groups are labeled as follows: subjects
without PAD (non-PAD; n=7), subjects with PAD without functional decline (PAD no
prog; n=6) and subjects with PAD and functional decline (PAD prog; n=6)



Figure S4
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Figure S4. RT-gPCR analysis of top differentially regulated miRNAs in non-PAD and
PAD progression groups. (A) upregulated miRNAs from RNA-seq; (B) downregulated
mMiRNA from RNA-seq.



Figure S5
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Figure S5. Significantly enriched interactions of miRNA and gene targets that are
differentially expressed between PAD progression and non-PAD groups. Red dot
indicates upregulated miRNA or gene and blue dot indicate downregulated gene or
miRNA. IL17RD, Interleukin 17 Receptor D; ITGAG, Integrin Subunit Alpha 6; HAS2,
Hyaluronan Synthase 2; KITLG, KIT Ligand; RHOJ, Ras Homolog Family Member J;
ESR1, Estrogen Receptor 1; CDKN1A, Cyclin Dependent Kinase Inhibitor 1A; RGSS,
Regulator Of G Protein Signaling 5); RET, Ret Proto-Oncogene.
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