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Supplementary Methods

Age-matched healthy-donor derived controls

CD3* pan-T-cells of 6 age-matched healthy donors were used as controls (age older than 55
years). For that peripheral-blood mononuclear cells (PBMCs) were isolated from buffy coats
by density gradient centrifugation (Histopaque, Sigma-Aldrich, St. Louis, Missouri, USA).
Enrichment of CD3* T-cells was performed by negative selection from PBMCs using
magnetic-bead based cell enrichment (Biolegend, San Diego, California, USA) according to
manufacturer’s guidelines. In order to compare T-PLL cells to TCR activated T-cells, PBMCs
of 4 healthy donors were stimulated using CD3/CD28 antibody mediated cross-linking
(OKTS3, Biolegend; 15E8, Biolegend) and kept in culture for 72 hours. As unstimulated
controls, PBMCs of the same donor were kept in culture as well. After 72 hours, CD3* T cells
were enriched via negative magnetic selection (TCR-activated condition and unstimulated
controls).

Total RNA isolation and library preparation

Total RNA was isolated from PBMCs of 46 T-PLL patients and CD3* pan-T-cells of 6 age-
matched healthy controls using the mirVana kit (Thermofisher, Waltham, Massachusetts,
USA) according to manufacturer’s guidelines (total RNA isolation, no enrichment for small
RNAS). In order to remove remaining DNA, DNAse treatment of samples was performed by
using the DNA-free kit (Invitrogen, Carlsbad, California, USA). RNA quality was assessed
using the 4150 TapeStation (Agilent, Santa Clara, California, USA) and samples with RNA
integrity number (RIN) < 6 were excluded (median RIN=8.76). For polyA-RNA sequencing,
samples were subjected to library preparation using the TruSegq® Stranded mRNA Library
Prep kit (lllumina, San Diego, California, USA) and then sequenced on the NovaSeq 6000
platform (lllumina, San Diego, California, USA) according to standard protocols. For small
RNA sequencing, library preparation was performed using the Small RNA-Seq Library Prep
Kit (Lexogen, Vienna, Austria) including size selection with Lexogen’s Gel extraction module.
The barcoded libraries were size restricted between 140 and 170 bp. Samples were then
analyzed using the HiSeq4000 platform (lllumina, San Diego, California, USA) according to
manufacturer’s instructions. Prior to sequencing, quality of both small RNA and polyA-RNA
libraries was accessed using the 4150 TapeStation (Agilent, Santa Clara, California, USA)

according to standard protocols.

Small RNA sequencing data processing and analysis

Low-quality read ends as well as remaining parts of sequencing adapters were clipped off
using Cutadapt (v1.14). Trimmed reads were aligned to the human genome (UCSC hg38)

using Bowtie2 (v2.3.2).! Indexing and sorting of mapped reads was performed using



samtools (v1.5).2 FeatureCounts (v1.5.3)® was used for summarizing gene-mapped reads.
MiRBase annotations (v22/GRCh 38) # were used for assigning mapped reads to known miR
genes. Differential gene expression (DGE) was determined using R/edgeR (v3.26.8) ° and
applying Trimmed Mean of M-values (TMM) normalization. Counts Per Million (CPM)
transformation was applied to obtain normalized expression values. Hierarchical clustering
was performed by using Euclidean distances and Ward's clustering algorithm.® Separation of
the samples into two clusters was conducted by cutting the clustering tree at the highest level

(i.e. visual inspection).

PolyA-RNA sequencing data processing and analysis

Reads were aligned to the human genome (UCSC hg38) using Hisat2 (v2.1.0).” Indexing and
sorting of mapped reads as well as removal of secondary alignments was performed using
samtools (v1.5).2 FeatureCounts (v1.5.3)% was used for summarizing gene-mapped reads.
Ensembl annotations (GRCh 38.89) were used for assigning mapped reads to known genes.
DGE was determined using R/edgeR (v3.26.8)° and applying TMM normalization. Fragments
Per Kilobase of Milion mapped reads (FPKM) transformation was applied to obtain
normalized expression values. Hierarchical clustering was performed by using Euclidean

distances and Ward's clustering algorithm.®

Quantitative real-time PCR

Isolated RNA from PBMCs of T-PLL patients (n=11) and CD3* pan-T-cells of age-matched
healthy donors (n=4) was reverse-transcribed into cDNA using the TagMan™ Advanced
miRNA cDNA synthesis kit (Thermofisher, Waltham, Massachusetts, USA). TagMan™
Advanced miRNA Assays for miR-223-3p, miR-141-3p, miR-200c-3p, and miR-30c-5p
(Thermofisher, Waltham, Massachusetts, USA) were used for quantitative real-time PCRs
according to the manufactures’ instructions. Thermal cycling and detection were carried out
using an ABI 7500 Fast System. MiR-30c-5p presented one of the lowest coefficients of
variation among all samples (coefficient of variation=0.27, FC=1.06), accompanied by a low
fold-change comparing T-PLL cases to normal T-cell controls. We, therefore, used miR-30c-
5p as the endogenous control. Relative quantification was calculated by using the 2-42CT
method, with the mean 224CT of the 4 healthy-donor derived samples as the reference for

relative expression.

Clinical data analysis

Detailed information on clinical characteristics, cytogenetics, immunophenotypes, and follow
up was accessed for all patients. To detect possible associations between these data and
miR expression in 46 T-PLL patients, we performed a screening approach testing for an

extended set of parameters. For miR-223-3p, miR-21, miR-29, and miR-200c¢/141, patients



were divided in groups using either the tertiles or the mean as cutoffs according to the
distribution of expression values within the patient cohort. We (i) assigned T-PLL patients to
a group according to the expression of the respective miR and (ii) then compared clinical
data between these groups. As clinical data had a few blanks for some parameters in
individual T-PLL patients, group sizes slightly differed between analyses of different miRs
and parameters. Systematic comparison was then performed using Mann-Whitney-Wilcoxon
(MWW) test and Fisher's exact test for continuous and categorial data, respectively.
Associations of miR expression with overall survival (OS) from diagnosis were examined with
log-rank statistics. Blood counts and clinical chemistry indices were evaluated at the time of
sampling. All statistical analyses were carried out using the R software and R packages. A p-

value < 0.05 was considered statistically significant.
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Figure S1: Primary T-PLL samples submitted to miR-ome sequencing exhibit tumor
cell purities higher than 88%.

Bar chart displaying immunophenotypic data showing the proportion of CD3" cells in samples
submitted to RNA sequencing. While T-PLL samples were sequenced out of total peripheral
blood mononuclear cells (PBMCs, median purity 95.4%; range 88-99%), samples from age-
matched healthy donors were enriched for CD3* T-cells by negative selection (median purity

90.2%; range 77-97%; see Methods section for details on cell isolation).

Figure S2: CPM values obtained by small-RNA sequencing indicate high absolute
expression of significantly deregulated miRs in T-PLL.

Data supplement to Figure 1. Bar chart displaying mean CPM values for a total of 2094 miRs
detected by small-RNA sequencing in at least one T-PLL patient (n=46 total cohort). MiRs
which were significantly deregulated in 46-T-PLL cases compared to CD3* pan-T-cells of 6
healthy donors are highlighted in red (n=34), miRs not differentially expressed in T-PLL are
displayed in grey. MiR-141-3p (mean CPM=26562) and miR-21-5p (mean CPM=15526),
both differentially expressed in T-PLL, were among the miRs with highest absolute CPM

values.

Figure S3: Differential expression of miR-223-3p, miR-200c-3p, and miR-141-3p in T-
PLL as analyzed by quantitative real-time PCR

a) and b) Relative expression of miR-223-3p and miR-200c-3p as analyzed by quantitative
real-time PCR (gRT-PCR; n=8 T-PLL, n=4 controls). Relative expression was calculated
using the 2-22€T method, with the mean 224€T values of the 4 controls used as the reference.
MiR-223-3p showed significant upregulation in T-PLL (fc=9.40; p=0.04, Welch’s test).

c) ACT values of miR-141-3p as analyzed by qRT-PCR (n=8 T-PLL, n=4 controls). MiR-141-
3p showed no observed expression in CD3" pan-T-cells of age-matched healthy donors,
therefore expression is presented as ACT values. NE = no expression.

d) Pearson’s correlation comparing small-RNA sequencing data and gRT-PCR results of
miR-223-3p (n=8 T-PLL, n=4 CD3* pan-T-cells). Relative expression was calculated using
expression of miR-30c-5p as an internal housekeeper control and using the mean expression
of the 4 healthy-donor T-cell samples as a biological reference. Results from the gRT-PCR
and small-RNA sequencing experiments showed a highly significant correlation (r?=0.84,
p<0.0001, Pearson).



Figure S4: Global miR-ome profiles of T-PLL cases are not associated with distinct T-
cell phenotypes.

a and b) PCA based on differentially expressed miRs in T-PLL cases (n=46) compared to
healthy-donor derived CD3* pan-T-cells (Online Supplementary Table S1). CD45RA /
CD45R0 as well as CD4 / CD8 surface expression was detected in primary T-PLL cells via

flow cytometry.

Figure S5: T-PLL cells show altered gene expression profiles compared to healthy-
donor derived CD3*pan-T-cells.

Differentially expressed mRNAs (n=948 transcripts; Online Supplementary Table S5) were
evaluated using transcriptome sequencing analysis of peripheral-blood derived primary T-
PLL cells (n=48 cases) and healthy-donor derived CD3* pan-T-cells (n=6 donors, isolation
via negative selection). a) Volcano plot highlighting differentially expressed mRNAs in blue
(lower expression) and red (higher expression) colors. Given percentages indicate relative
proportions based on all identified mMRNAs (n=18215 totally detected transcripts).

b) PCA and c¢) heatmaps based on the 100 most differentially expressed mRNAs. Left
heatmap: mean Fragments Per Kilobase Million (FPKM) values compared between healthy-
donor derived controls (n=6) and T-PLL (n=48; red=higher expression; blue=lower
expression). Right heatmap: Colors represent z-scores of respective FPKM values calculated

for each mRNA (blue=lower z-score; red=higher z-score).

Figure S6: Primary CD3* pan-T-cells show elevated activation marker expression upon
CD3/CD28 antibody mediated crosslinking.

Data supplementing Figure 2B and C) and Online Supplementary Figure S7: a) Primary
CD3" T-cells were isolated from peripheral blood of healthy donors using PBMC isolation and
subsequent MACS enrichment after 72 hrs. (negative selection, see Methods section for
details). Sample purities were assessed using flow cytometry for CD3* positive cells within
the isolates (median: 94.8%; range: 78-99%).

b) Stimulation control of TCR-activated healthy-donor derived T-cells (Figure 2B and C):
isolated PBMCs were submitted to antibody-mediated CD3/CD28 cross-linking to induce
TCR activation. Surface marker expression (CD25, CD38, CD69) was analyzed by flow
cytometry at 72 hrs. after such TCR (CD3/CD28) stimulation.

c) Overlay plots of TCR-stimulated condition to unstimulated control (CD25, CD38, CD69

surface expression) of one exemplary healthy-donor sample.



Figure S7: TCR activation induces global changes in miR expression profiles of
healthy-donor derived CD3* pan-T-cells.

Age-matched healthy-donor derived PBMCs were isolated via density gradient centrifugation.
TCR-mediated T-cell activation was achieved via continued antibody-based CD3/CD28
cross-linking. After 72 hrs., CD3* primary human T-cells were isolated by MACS enrichment
(negative selection; see Method section for details; cell purities are given in Online
Supplementary Figure S6A, see Online Supplementary Figure S6B and C for control
experiments). MiR-ome profiles were generated using small-RNA sequencing. a) Volcano
plot showing log2 fc and —log10 FDR values of differentially expressed miRs in response to
CD3/CD28 stimulation. Given percentages show relative proportions based on all identified
miRs (n=56/1587 totally detected miRs; FDR<0.05).

b) PCA of differentially expressed miRNAs upon CD3/CD28 cross-linking (light green:
unstimulated controls; dark green: stimulated condition).

¢) Heatmap showing miR expression in unstimulated vs. stimulated healthy-donor derived T-
cells (n=52 miRs; FDR<0.05). Colors represent z-scores of respective CPM values
calculated for each miR (blue=lower z-score; red=higher z-score).

Figure S8: Functional associations of predicted miR-targets using GSEA highlight
processes of DNA-damage responses and pro-survival signaling.

Data supplement Figure 3A: GSEA heatmap based on miR associated mRNAs. GSEAs were
conducted for all significantly deregulated miRs (n=34 miRs; Online Supplementary Table
S1) using ranked correlation indices between mRNA and miR expression in 41 T-PLL and 6
healthy-donor derived T-cell samples. Color code summarizes NES scores (blue=negative
NES; red=positive NES). Statistical significance is summarized via asterisks (*p<0.05;

**p<0.01; ***p<0.001; Kolmogorov-Smirnov-test).

Figure S9: Reduced expression of miR-21 is associated with alterations of apoptosis
and cell-cycle regulators.

a) Differential expression of miR-21 family members as analyzed by small-RNA sequencing
shows significant downregulation of miR-21-3p (fc=0.27 ; p<0.0001) and miR-21-5p (fc=0.31;
p<0.0001, n=46 T-PLL cases, n=6 normal T-cell controls).

b) Exemplary GSEA plots of miR-21 correlated mRNAs: ApopPTOSIS: NES=3.89, q<0.0001
(miR-21-5p correlated mMRNAS); G2M_CHECKPOINT: NES=2.39, =0.001 (miR-21-3p

correlated mRNAS).



c) Predicted targets (by seed sequences, see Methods section for details) correlating
negatively with miR-21 expression in all analyzed cases and controls implicate regulatory
networks involved in DNA-damage response and pro-survival signaling. Font color
represents differential expression of mMRNAs comparing T-PLL cells (n=48 cases) to healthy-
donor derived CD3* pan-T-cells (n=6 donors; for description of global mMRNA sequencing
results refer to Figure 2A: blue=lower expression, red=higher expression). Color of
highlighted boxes indicates assignment of genes to functional groups of DNA-damage
response pathways (black) and pro-survival signaling (grey).

d) Low miR-21 expression was associated with higher white blood cell counts (WBC)
(median: 154 vs. 90.0 G/I; p=0.02; MWW) and lower platelet counts (median: 110 vs. 153 G/I;
p=0.03; MWW) at the time of sample acquisition. See Online Supplementary Table S10 for
summary of clinical data. Groups were divided by the mean miR-21 expression value.

e) Low miR-21 expression was associated with higher serum lactate dehydrogenase (LDH)
levels at the time of sample acquisition (median: 933 vs. 522 U/l; p=0.02; MWW). Groups
were divided by the mean miR-21 expression.

Figure S10: Reduced expression of miR-29 clusters is associated with alterations of
cell survival signaling and cell-cycle regulators reflected in more activated
phenotypes and a more aggressive disease course.

a) Differential expression of miR-29 family members as analyzed by small-RNA sequencing
showed significant downregulation of miR-29a-3p (fc=0.29; p<0.0001), miR-29b-1-5p
(fc=0.47; p=0.001), and miR-29c-3p (fc=0.29; p<0.0001) in 46 T-PLL, as compared to 6
normal T-cell control samples.

b) Exemplary GSEA plots of miR-29-correlated mRNAs: E2F TARGETS: NES=-3.52,
(<0.0001, TNFA SIGNALING VIA_ NFKB: NES=-2.08, g=0.01 (both based on miR-29a-3p
correlated mRNAS).

c) Predicted targets (by seed sequences, see Methods section for details) that negatively
correlate with miR-29 expression in all analyzed cases and controls revealed regulatory
networks involved in DNA-damage response pathways and pro-survival signaling. Font color
represents differential expression of mMRNAs comparing T-PLL cells (n=48 cases) and
healthy-donor derived CD3* pan-T-cells (n=6 donors; for description of global mRNA
sequencing results refer to Figure 2A and Online Supplementary Table S5, blue=lower
expression; red=higher expression). Color of highlighted boxes represents assignment of

genes to functional groups of DNA-damage response pathways (black) and pro-survival

signaling (grey).



d) Groups of low and high miR-29 expression were assigned by results of small-RNA
sequencing: Cases were divided into three tertiles and the lower was compared against the
upper tertile. Groups were then evaluated for CD38 and CD69 surface expression using flow
cytometry. T-PLL cases with low miR-29 expression levels presented with a more activated
T-cell phenotype (median CD38 expression: 43.1% vs. 12.9%, p=0.02; median CD69
expression: 27.9% vs. 0.89%, p=0.02; MWW).

e and f) Platelet counts and serum LDH values of analyzed cases were assessed (see
Online Supplementary Table S11 for a summary of clinical data). Groups were divided into
tertiles of miR-29 expression and the lower was compared against the upper tertile using
MWW. e) Low miR-29 expression was associated with lower platelet counts at the time the
sample was taken (median: 110 vs 186 G/I; p=0.15; MWW) and with f) higher serum LDH
levels at the time of sample (median: 1850 vs 708 U/I; p=0.06; MWW).

Figure S11: Low miR-29 expression is associated with higher rates of effusions and
more prevalent in cases with genomic ATM deletions.

Groups of low, medium, and high miR-29c-3p expression were assigned by results of small-
RNA sequencing using tertile-based expression levels. Clinical presentation of cases was
recorded for all analyzed T-PLL patients (see Online Supplementary Table S11 for the
comprehensive dataset) and the high expression group was compared against the low
expression tertile. a) Cases with low miR-29¢c-3p expression showed a higher proportion of
effusions (n=6/12 vs. n=1/10 cases; p=0.07; Fisher’s exact test).

b) Genomic deletions of ATM were assessed using FISH studies probing the 11g22.3
consensus region. Cases with low miR-29b-1-5p expression showed a significantly higher

proportion of ATM deletions (n=9/11 vs. n=1/11 cases; p=0.002; Fisher's exact test).
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Figure S3
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Supplementary Table 1: Differentially expression of miRs comparing T-PLL cases (n = 46) to age-
matched healthy-donor derived CD3* pan T-cells (n = 6).

Supplementary Table 2: Somatic copy humber alterations of significantly deregulated miRs in T-PLL
as detected by single nucleotide polymorphism arrays in an independent cohort of T-PLL patients.

Supplementary Table 3: Associations of immunophenotypic, cytogenetic, and clinical data with two
distinct T-PLL subgroups, as revealed by unsupervised hierarchical clustering analysis of miR
expression.

Supplementary Table 4: Differentially expressed mRNAs comparing two clusters of T-PLL cases (high
miR-141/200c expression cluster vs. low miR-141/200c expression cluster) defined by small-RNA
sequencing.

Supplementary Table 5: Differentially expressed mRNAs comparing T-PLL cases (n = 48) to age-
matched healthy-donor derived CD3* pan T-cells (n = 6).

Supplementary Table 6: GSEA (HALLMARK) of differentially expressed mRNAs comparing T-PLL cases
(n = 48) to age-matched healthy-donor derived CD3* pan T-cells (n = 6).

Supplementary Table 7: Differentially expressed mRNAs comparing healthy-donor derived T-cells:
unstimulated control vs. TCR activated condition (n = 4).

Supplementary Table 8: Associations of miR-223-3p expression with immunophenotypic, cytogenetic,
and clinical data (lower tertile vs. upper tertile of miR-223-3p expression).

Supplementary Table 9: Associations of miR-200c and miR-141 expression with immunophenotypic,
cytogenetic, and clinical data (lower tertile vs. upper tertile of the expression of the respective miR).

Supplementary Table 10: Associations of miR-21-3p and miR-21-5p expression with
immunophenotypic, cytogenetic, and clinical data (groups were divided by mean miR-21 expression).

Supplementary Table 11: Associations of miR-29c-3p, miR-29b-1-5p, and miR-29¢-3p expression with
immunophenotypic, cytogenetic, and clinical data (groups were divided be median miR-29
expression).

Supplementary Table 12: Associations of miR expression levels with overall survival for all miRs
detectable in at least 80% of samples (n = 37), comparing T-PLL patients with highest expression
levels (upper tertile) to those with lowest expression of the respective miR (lower tertile).

Supplementary Table 13: Associations of the miROS-T-PLL score and its miRs with incidences of
genomic alterations previously described in T-PLL.

Supplementary Table 14: Associations of the miROS-T-PLL survival score with clinical,
immunophenotypic and cytogenetic data (mMiROS-T-PLL <2 vs = 2 points).





