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eMethods: Development of this 8-miRNA ALS diagnostic test involved: (1) extraction,
immunoassay purification, and characterization of neural-enriched extracellular vesicles (NEE); (2)
a feasibility study in four healthy controls to determine, using next generation sequencing (NGS),
the quantity and quality of miRNA found in NEE and whether the miRNA within two fractions
obtained during the NEE extraction process were differentially expressed; (3) identification, using
NGS, of all small RNA found in the blood plasma of 10 ALS patients and 10 healthy controls; (4)
evaluation of 101 differentially expressed miRNA to select those with the greatest separation
between groups for further testing; (5) relative-quantification using qPCR of 34 candidate miRNA
potentially useful for ALS diagnoses using 20 total ALS patients and 20 controls divided into two
separate cohorts; (6) identification of an 8-miRNA ALS fingerprint (miR-151a-3p, miR-151a-5p,
miR-4454, miR-146a-5p, miR-10b-5p, miR-199a-3p, miR-199a-5p, miR-29b-3p) to diagnose ALS;
(7) qPCR method optimization; (8) cohort verification of fold-regulation patterns from the 8-
miRNA, NEE-extracted, ALS fingerprint totalling 449 individuals; (9) development of machine
learning algorithms to determine classification efficiencies of the 8-miRNA ALS fingerprint; (10)
disproving the hypothesis that the 8-miRNA ALS fingerprint was representative of general
neurodegeneration and not specific to ALS by comparing the same fingerprint against other
neurological diseases (Primary Lateral Sclerosis and Parkinson’s Disease); (11) testing and
disproving the hypothesis that the miRNA, identified and quantified following NEE extraction,
were unique to NEE and, therefore, could not be extracted directly from circulating blood plasma to
achieve similar ALS diagnostic classification accuracy; (12) cohort verification groups resulting in

788 individuals tested in a total of five cohorts [1-5, current manuscript].



Criteria for patient eligibility, outcomes, and predictors were identical for the original method
which included an NEE extraction step before extracting miRNA and for the current method which
used miRNA extracted from circulating plasma without the NEE extraction step. The overall
sample size in this paper was determined by achieving statistical accuracy for AUC calculations
which require a sample size greater than 300 and by the availability of ALS blood plasma (a rare
disease) from previously untested patients. The number of healthy individuals was chosen to match
the number of ALS patients within each cohort with an emphasis on obtaining comparable age and
sex individuals. All individuals were included in the final logistic regression model and cross-
validation was used to avoid data partitioning. Internal validation was tested by creating a data-
subset, run against the same model created with the entire dataset, to check for comparable
confusion matrix parameters and to check if the same miRNA were selected for model inclusion. A
minimum lambda value was chosen to maximize the model accuracy, however, a lambda of 1se
produced identical results due to the robust nature of the model. The model threshold was set and
reported at 50% prediction probability, however, increasing the threshold cutoff to 52% probability
improved specificity and positive predicted values to 94% without changing sensitivity or negative

predictive values.

RNA Extraction.

Aliquots of control and ALS plasma were removed from a -80°C freezer, thawed at room
temperature, then 200 pL. were aliquoted into 1.5 mL LoBind® Tubes (catalogue number
022431021, Eppendorf). Total RNA was extracted using the Qiagen miRNeasy Serum/Plasma Kit
(50) (catalogue number 217184) according to the manufacturer’s instructions. Briefly, 1 mL QIAzol
Lysis reagent (Qiagen, catalogue number 79306) was prepared with 1 pL of the synthetic spike-ins
UniSp2, 4 and 5 (present at 2.0, 0.02, and 0.00002 fmol/pL, respectively) from the Qiagen RNA
Spike-In Kit, For RT (catalogue number 339390). 1 mL of this preparation was added to each
sample and homogenized by pipetting up and down five times. Samples were incubated at room
temperature for 5 mins, then 200 pL. chloroform were added to each sample, and the tubes shaken
vigorously for 15 secs. Samples were incubated at room temperature for 3 mins, then centrifuged at
12,000 x g for 15 min at 4°C, to generate three distinct layers. The top aqueous layer containing
RNA was carefully removed (without touching the middle layer containing DNA) and placed in a
new clean 2 mL LoBind® tube (catalogue number 022431048, Eppendorf). To this, we added 1.5
volumes of 100% ethanol (to 740 pL. RNA we added 1110 pL. 100% ethanol). We mixed samples
thoroughly by pipetting up and down, five times. To each RNeasy MinElute Spin Column, we
added 700 pL of sample, then centrifuged the tube at 10,000 x g for 15 secs at room temperature,

then discarded the eluent. This step was repeated until all the sample had been added to the spin



column (three spins). We pipetted 700 pL. Buffer RWT into each column, then spun at 10,000 x g
for 15 secs at room temperature. The eluent was discarded. Next, we added 500 pL Buffer RPE to
the spin-column then centrifuged at 10,000 x g for 15 secs at room temperature and discarded the
eluent. We then added 500 pL of 80% ethanol to the spin column and spun for 2 min at 10,000 x g
at room temperature, and the eluent was discarded. The spin-column was placed in a new 2 mL
collection tube and centrifuged at 17,000 x g for 5 min with the spin column lid open at room
temperature to dry the spin column. Finally, the spin column was placed in a clean 1.5 mL
LoBind® tube, and 15 pL nuclease-free water was added directly to the membrane. The spin
columns were spun with the lid closed for 1 min at 17,000 x g at room temperature to elute the
RNA. The RNA was frozen at -80°C until required for cDNA synthesis. Due to the highly valuable

nature of the samples, only a single RNA extraction was performed per sample.

eTablel: Catalogue and GeneGlobe IDs for Qiagen miRCURY LNA PCR Assays.

Qiagen miRCURY LNA miRNA PCR Assays
catalogue number: 339306
Name GeneGlobe ID
hsa-miR-10b-5p YP00205637
hsa-miR-4454 YP02114119
hsa-miR-199a-3p YP00204536
hsa-miR-151a-3p YP00204576
Targets & hsa-miR-151a-5p YP00204007
reference genes )
hsa-miR-199a-5p YP00204494
hsa-miR-146a-5p YP00204688
hsa-miR-29b-3p YP00204679
hsa-miR-126-5p YP00206010
UniSp2 YP00203950
RNA extraction UniSp4 YP00203953
efficiency .
UniSp5 YP00203955
Spike-ins
Reverse UniSpé YP00203954
transcription .
efficiency cel-miR-39-3p YP00203952
hsa-miR-142-3p YP00204291
hsa-miR-451a YP02119305
hsa-miR-23a-3p YP00204772
Sample Signal | hsa-miR-30c-5p YP00204783
hsa-miR-103a-3p YP00204063
hsa-miR-191-5p YP00204306




eTable2: Amplification efficiencies for Qiagen LNA miRCURY PCR assays calculated using
LinRegPCR.

1. gPCR was run as described in Dunlop et al 2021 [4], then optical data exported with no
baseline as real-time PCR data markup language (RMDL) v1.1 files and imported into
LinRegPCR [6]. Individual amplification efficiencies were calculated for each well. The
mean PCR efficiency for all nine primers was 1.86 +/- 0.013, meaning efficiencies varied by
a maximum of three percent and we could compare results without the requirement for
efficiency adjustments [7]. These results represent mean amplification efficiencies for each
amplicon from all samples in all cohorts from this study. Although LNA-spiked PCR
primers provide enhanced specificity which is especially beneficial when distinguishing
between closely related miRNA sequences or detecting low-abundance targets, they are

reported to have lower amplification efficiencies than DNA primers [8-10].

Qiagen LNA miRCURY GeneGlobe ID am pr::f(:i!s;tion SD
PCR Assay efficiency

hsa-miR-151a-3p YP00204576 1.85 0.011
hsa-miR-151a-5p YP00204007 1.85 0.015
hsa-miR-146a-5p YP00204688 1.87 0.007
hsa-miR-4454 YP02114119 1.88 0.010
hsa-miR-10b-5p YP00205637 1.87 0.008
hsa-miR-199a-3p YP00204536 1.86 0.005
hsa-miR-199a-5p YP00204494 1.86 0.007
hsa-miR-29b-3p YP00204679 1.85 0.047
hsa-miR-126-5p YP00206010 1.85 0.008
Mean of all primers 1.86 0.013
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