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Supplementary data.
Supplementary methods:
Cell lines. HTLV-1-transformed cell lines MT-2, MT-4 (1, 2), M8166 (3) and SP (HTLV-1-
infected clone from PBMCs of an ATLL patient) (4) were obtained through the NIH AIDS Reagent
Program (Catalog No. 237, 120, 11395 and 3059, respectively). HTLV-1-negative Jurkat cell line
(E6-1, Cat No. 177) was also obtained from NIH while SLB-1 (5-8) and ATLL-derived cell lines,
ATL-2S (9-11), ED-40515(-) (referred here as ATL-ED) (9, 11, 12), and ATL-55T were described
previously (12, 13). Cultures were maintained in RPMI 1640 medium supplemented with L-
glutamine (Atlanta Biologicals, Flowery Branch, GA), 10% fetal bovine serum (FBS, Atlanta
Biologicals) and 1x Penicillin/Streptomycin (Gibco, Gaithersburg, MD) in a humidified incubator
with 10% CO; at 37°C. SP culture was supplemented with 100 U/mL of human IL-2 (Peprotech
Inc., Rocky Hill, NJ).

In addition, three NA-ATLL patient-derived CD4" T-cell lines (ATL13, ATL18, ATL21)
were obtained from the Albert Einstein College of Medicine (NY, USA) and maintained in IMDM
with 100 units/mL IL-2 and 20% human serum. Two additional HTLV-1-negative human T-cell
lines HUT78 and OCI-Ly13.2 were cultured in RPMI with 10% FBS while the third HH line was
maintained in IMDM plus 20% FBS. All cell lines were routinely tested for mycobacterium

contaminants via PCR (Applied Biological Materials).

MTT cell viability/cytotoxicity assay. Prior to experiments, viability of all cell lines was
assessed, and exponential phase cultures were utilized. Cells were seeded into 96-well plates at a
density of 100,000 cells per well in Gibco’s phenol red-free RPMI medium for 48 hours at 37°C

in a humidified chamber. Cell viability was assessed using Vybrant® MTT Cell Proliferation Assay



according to the manufacturer’s protocol (ThermoFisher, Waltham, MA). Following the initial 48
hr incubation, 10 pL of 12 mM MTT was added to each well, then incubated for 4 hrs at 37°C
before cells were lysed in 100uL of SDS-HCI solution. Cells were incubated for another 4 hrs at
37°C before final absorbance was measured at 570 nm (Sunrise™, Tecan, NC) as a direct
assessment of viable cells in each culture. Similar MTT assays were utilized to test cytotoxic
effects of MC1568 in a standard 2-fold dilution method with ICso calculation by Prism8 software

(GraphPad).

gPCR assay for determining integrated HTLV-1 copy number. Genomic DNA (gDNA) for
each cell line was obtained using DNeasy Kit (Qiagen). Integrated HTLV-1 copy number was
determined by performing quantitative polymerase chain reaction (qQPCR) using the SYBR green
assay (Quant Studio 6 Flex, Applied Biosystems) with GAPDH as an internal control and gDNA
from the HTLV-1-infected rat cell line (TARL-2) as a reference since it carries one copy of
provirus per cell (14). The following primer set was used to amplify the HTLV-1 regulatory Px
region: 5’-CAAAGTTAACC ATGCTTATTATCAGC-3’ (forward) and 5’-
ACACGTAGACTGGGTATCCGAA-3’ (reverse). A standard curve for the Px region,
representing integrated HTLV-1, was generated from assay results using two-fold serial dilutions
of TARL-2 gDNA. The HTLV-1 copy number for each cell line was calculated from the standard
curve, using the respective CT values, and divided by the estimated number of cells (1ng DNA =

151.51 diploid cells) as described in (15)

Western blotting for viral protein expression. Protein lysates were extracted from transfected

culturesusing Pierce RIPA Buffer supplemented with protease inhibitor cocktail



(Thermofisher Scientific) and phosphatase inhibitor Cocktail 3 (Sigma-Aldrich). Total protein
concentration was measured using a BCA protein assay (Pierce, ThermoFisher) and 25-30 pg of
proteins were loaded per lanein 4-15% gradient SDS-PAGE gels (Bio-Rad). Proteins were
transferred onto methanol activated PVDF membranes at 4°C for 16-18 hours at 30V. Membranes
were then blocked for 1 hour in 5% fat-free milk in 1xTBS plus Tween 20, washed with TBS-t
Tween, and probed for target antibody. Images were read using the Gel Doc XR+ Gel
Documentation System (Bio-Rad) and processed on Image Lab software. Primary antibodies used
were anti-HBZ (dilution 1:1000; provided by Dr. Amanda Panfil, Ohio State University), anti-Tax

LT-4 (1:2000), provided by Dr. Yuetsu Tanaka (Japan).

Measurement of HTLV-1 infectivity (p19) via ELISA. Supernatants from each cell line were
collected at 48 hrs in order to quantify extracellular levels of p19 protein released by each cell line.
Enzyme-linked immunosorbent assay (ELISA) was performed in duplicate for each cell line using
the HTLV p19 Antigen ELISA kit (Zeptometrix), according to manufacturer’s instructions. The
final absorbance was measured at 450 nm (Sunrise™) and data was analyzed using the standard

curve method, which was generated from serial dilutions of the standards.

Phenotyping of cell lines by FACS. Jurkat cells and three virus-producing cell lines, MT-2, MT-
4 and SP, were counted and 1 x 10° cells were surface stained for CD3 and CD4 using
fluorochrome-conjugated antibodies, AF700 and FITC, respectively. Samples were incubated for
30 mins at 4°C in the dark. For intracellular staining of Tax, cells were fixed and permeabilized
with 200 pL of permeabilization buffer followed by staining using 20 uL of PE-conjugated Tax

(conjugated in-house using Abcam PE conjugation kit cat: ab102918) antibody for 30 mins at 4°C



in the dark. After incubation, cells were washed twice with 1x permeabilization buffer and
resuspended with staining buffer for analysis by flow cytometry using BD FACS Calibur (BD
Biosciences, San Jose, CA).

Analysis of MEF-2 isoform mRNA levels by PrimeFlow™ and RT-qPCR. The PrimeFlow™
RNA assay (Affymetrix, Santa Clara, CA) is an in-sifu hybridization assay that can detect target
RNA transcripts at the single-cell level. mRNA levels of MEF-2 isoforms were assessed in the
indicated HTLV-1-infected and uninfected cell lines using the PrimeFlow™ RNA assay according
to the manufacturer’s protocol. Cells were surface stained for anti-CD4 (PerCP CyS5.5) and
individually hybridized with either an RPL13A probe (Alexa Fluor 488) to gate for
transcriptionally active cells, or one of the four MEF-2 isoform probes (Alexa Flour 647
conjugated). Following target hybridization, signal amplification is accomplished through serial
and sequential hybridizations of the highly specific Preamplifier molecules, which only hybridize
when both sides of the target probe pair are bound to the target RNA. Upon completion of the
assay, the cells were analyzed using BD FACS Calibur (BD Biosciences). MEF-2 mRNA levels
were also evaluated by RT-qPCR to validate PrimeFlow™ results. RNA was converted into cDNA,
which was then used as a template for gPCR amplification with primers given in (Supplemental
Table 1). The fold-change expression was normalized to Jurkat and calculated by 2-2“T method.
Total RNA from patient samples was converted to cDNA and amplified using standard real-time

PCR. Fold-change expression was normalized to activated PBMCs.

MEF-2 isoform protein detection by western blot and WES (Protein Simple). Western
blotting was performed as described above utilizing MEF-2 isoform (A-D)-specific antibodies

from Proteintech in the dilution of 1:1000. Automated quantitative protein analysis was performed



by WES (Protein Simple, San Jose, CA) according to manufacturer’s instructions. Lysates were
diluted to optimum concentration using Simple Western sample dilution buffer (ProteinSimple)
mixed with the fluorescent master mix and denatured at 95°C for 3 mins. Samples, primary
antibodies, and HRP-conjugated secondary antibodies were loaded in pre-assigned wells of a 25-
sample cartridge, then placed in WES instrument (Protein Simple). Primary antibodies were
titrated for WES and utilized in the dilution of 1:50 for MEF-2A, MEF-2B, MEF-2C, MEF-2D,
and Vinculin (R&D Systems). After capillary-based separation of the protein samples and
incubation with the primary and secondary antibodies, proteins were detected using
chemiluminescence. Protein signal and quantitation was generated automatically after each run
through the Compass for SW software. Detected protein quantities are presented as area under the
curve, normalized to vinculin as a loading control.

To assess MEF-2 isoforms in the nuclear-cytoplasmic fractions, cells were collected,
washed with PBS and then nuclear-cytoplasmic extracts collected using NucBuster™ Protein
Extraction Kit (MilliporeSigma). After isolation of the cytoplasmic fraction, the cell pellet was
sonicated along with reagent B and then supernatant was collected. Both the cytoplasmic and
nuclear fractions were probed for MEF-2A, -2B, -2C, and -2D (Proteintech) along with GAPDH

as the loading control by western blotting.

siRNA/miRNA transfection. We obtained SMART pool siRNA (a pool of 4 sequences of
siRNAs) for each isoform of MEF-2A from Dharmacon (Cat: L.-009362-00-0010) and MEF-2C
(L-009455-00-0010), miR21C human (HMI 0372). Cells (3 x 10°/well) were plated on 6-well

plates and transfections were performed using Lipofectamine™ RNAiIMAX (Invitrogen) according

to manufacturer’s protocol. Briefly, Lipofectamine™ and siRNA/miRNA were diluted in Opti-



MEM medium (Gibco). The diluted Lipofectamine™ and siRNA/miRNA were incubated in a 1:1
ratio for 15 mins at room temperature. The siRNA-lipid/miRNA-lipid complex was added to the
corresponding wells. After 48 hrs. of incubation at 37°C, cell pellets were collected and processed
to obtain total RNA (Qiagen RNAeasy mini kit) and protein, for RT-qPCR and western blotting,

respectively.

Ki-67 and Propidium iodide staining. The representative cell lines were plated and subjected to
siIMEF-2A or siMEF-2C treatment at 25 nm concentration using Lipofectamine™ RNAIMAX
(Invitrogen), along with negative scramble controls. The cells were collected 48 hrs post-
transfection, washed with 1X PBS and cell pellets fixed with 2 mL of 70% ethanol overnight at

-20°C. The cell suspension was resuspended with 20 pL of PE-KI-67 (BD Biosciences), mixed
gently and incubated at room temperature for 30 mins. The cells were washed with 2 mL of staining
buffer at 200xg for 5 mins and 500 pL of staining buffer was added to each tube and FACS analysis
was performed. Cells were washed and RNase inhibitor and PI ready-probe reagent (Invitrogen)
was added. The resulting DNA distributions were obtained by BD FACS Calibur (BD) and

quantified for the proportion of cells in cell cycle phases using Flow-Jo software.

Chromatin immunoprecipitation (ChIP) and Co-IP assays. ChIP assays were performed using
Pierce Magnetic ChIP Kit (Thermo Scientific) per manufacturer’s instructions with modifications
for non-adherent cells. Crosslinking and cell pellet isolation were performed using approximately
4x10° cells per ChIP. Briefly, cells were pelleted and fixed with 16% formaldehyde in serum free
media, quenched with 1x glycine and washed twice with 1x PBS. Steps for Lysis and MNase

digestion, IP elution, and DNA recovery was performed per manufacturer’s protocol.



Immunoprecipitation was adjusted and combined such that magnetic beads, target antibodies
(Supplemental Table 2) and chromatin samples were incubated overnight at 4°C. Eluted DNA was
then eluted and subjected to RT-PCR using primers listed in supplemental Table 3. Samples were
normalized to IgG for fold enrichment or adjusted based on 10% input for analysis.

For Co-IP, cells were lysed by sonication and cells lysates were pre-cleared with protein L
magnetic beads. Samples were incubated overnight with 2mg of indicated antibodies and were
washed to remove beads. Immunoprecipitated samples were resolved by SDS-PAGE and

immunoblotted for either HBZ antibody or Menin and probed for the indicated markers.

In vivo testing of MC1568 in NOD/IL-2Ryc null (NOG) mice. For leukemia, a humanized
mouse model has been generated by the intra-bone marrow (IBM) injection of human CD133"

stem cells into NOD/Shi-scid/IL-2Ryc null (NOG) mice (16). We adopted this model to test

MCI1568 effects in early HTLV-1 infection. Briefly, five-week-old female NOD/SCID/y-null

(NODC57/BL) mice were housed and treated in accordance with the Institutional Laboratory
Animal Care and Use Committee. Each group had a total of 5 mice. Animals were irradiated within
the first week of birth, receiving 10 million human CD34" cells, and then housed for 8-10 weeks.
Once animals were at least 60% humanized, they received one interperitoneally injected dose of
10 million irradiated MT-2 cells. The animals were housed for another 2 weeks to allow for viral
spread then stratified into vehicle control and treatment groups. After the 2-week incubation,
animals were treated with MC1568 (5mg/kg) at Day 0 and Day 3. Animals were sacrificed 7 days
post-MC1568 treatment. Splenocytes and PBMC were isolated for DNA/RNA isolation and

assessment of proviral load as well as viral gene expression as described above for cell lines.



Supplementary Figure Legends.
Figure S1. Characterization of cell lines utilized. A) Viability of an uninfected control cell line
(Jurkat) and 7 chronically HTLV-1-infected cell lines assessed by the MTT Cell Proliferation
Assay. Results are expressed as mean percent viability £SD of duplicate samples. B, C) Copy
number of integrated HTLV-1 genome was determined based on qPCR amplification of the Px
region. Left, a standard curve made with different concentrations of TARL-2 cell DNA (500, 250,
125 and 62.5 ng), which is known to have 1 copy of virus/cell. The unknown copy number of each
cell line was then calculated by replacing the CT value duplicates in the standard curve formula,
divided by the estimated number of cells in each well (1 ng DNA =151.51 diploid cells), being
represented here on the right side as mean copy number per cell £SEM. D) Expression of major
viral proteins Tax and HBZ were quantified by western blot analysis. Cofilin was used as a loading
control and data is representative of two independent experiments. E) Standard curve generated
using two-fold serial dilutions of HTLV-1 antigen, ranging from 0 to 800 pg/mL (left). P19
concentration for each cell line was determined via HTLV p19 Antigen ELISA (Zeptometrix) and
calculated from the standard curve. F) Bar graph represents mean p19 concentration (pg/mL)
+SEM of the duplicate samples G) Immunophenotyping of cell lines expressing CD3"/CD4" and
Tax. Cellular expression of CD3"/CD4" and Tax were determined by flow cytometry. Roughly,

1 x 10° cells per sample were incubated with fluorochrome-conjugated antibodies for CD3
(AF700), CD4 (FITC), or Tax (APC). Unstained samples (blue peaks) were used to compare the

fluorescence of antibody-stained samples (red peaks).

Figure S2. MEF-2 isoform expression via Prime Flow and Non-ATLL cell lines. A) RT-qPCR

results were validated by flow cytometry of the final samples from the PrimeFlow™ RNA assay.



Data represents the percentage of each cell line expressing both CD4 and the indicated MEF-2
isoform as determined with PrimeFlow™ RNA assay (Affymetrix/eBioscience). B) RT-qPCR was
performed to assess the expression of MEF-2 isoforms in non-ATLL cell lines. MEF-2 mRNA
expression is presented as the mean fold-change of two independent experiments relative to
uninfected, activated T cells, which is normalized to one. Error bars represent the standard

deviation of duplicate samples.

Figure S3. Additional validation of knockdown of MEF-2A and MEF-2C via siRNA and
miR-21c respectively. A) Immunoblots of Jurkat cells treated with siMEF2A/C at 10, 25 and
50nm. Virtual blots are representative of 3 independent experiments. B) Bar graph represents K/D
of MEF2A/C in comparison to scrambled control in MT-2 cells. Following transfection, RT-qPCR
conducted to assess the expression of MEF-2. MEF-2 isoforms, HBZ and Tax are also represented
as fold-change compared to scrambled control. C) Knockdown of MEF-2C post miR-21C
treatment was analyzed by rt-qPCR. D) Cells were stained with Ki-67 and subjected to flow
cytometric assays to measure cellular proliferation and the knockdown of MEF-2C via miR-21C
treatment. Dot plots represent the amount of proliferation as measured by Ki-67 staining. Analysis
was carried out with Flow-Jo software to quantify the proliferation profiles for each cell line and
represented as a bar graph. E) Jurkat, ATL-ED, and MT-4 cells were collected, fixed, and stained
with propidium iodide (PI-25ug/ml) to assess cell cycle progression via flow cytometry. Left,
Mock transfected. Right, si-MEF-2A (50nM) transfection. The percentage of sub-G1 cells, GO/G1,

S and G2-M cells was analyzed using Flow-Jo software and represented as a stacked column plot.



Figure S4. RNA and protein expression of MEF-2 isoforms in patient derived immortalized
cell lines. A) Patient-derived NA-ATLL cell lines were subjected to RT-qPCR to determine MEF-
2 isoform expression as well as Tax and HBZ expression. Expression of MEF-2 isoforms was
normalized to activated T cells and fold-change calculated in reference to activated T cells, along
with the fold-change of viral genes Tax and HBZ. B) MEF-2A, MEF-2B, MEF-2C, Tax and HBZ
protein expression was analyzed via western blot for all NA-ATLL cell lines. Cofilin was used as
a loading control. C) MEF-2A and MEF-2C virtual blots and quantification of ATL-18 and ATL-

21 in comparison with Jurkat cells.

Figure S5. A) ChIP analysis of ATL-ED cells for enrichment of transcriptional targets in the
5’LTR of the transcriptionally silent viral promoter. B) ChlP analysis of MT-4 cells for
enrichment of transcriptional targets in the 5’LTR of the transcriptionally active viral promoter

and 3’LTR and canonical MEF-2 promoter NR4A1.



Supplementary Tables.

Supplementary Table 1: List of primers used for qPCR.

Primer Sequence (5’ to 3°)
Human HBZ, forward CAGTAGGGCGTGACGATGTA
Human HBZ, reverse TCTTCCTCCAAGGATAATAGCCCGTCCA
Human MEF-2A, forward CCGACTGCCTACAACACTGA
Human MEF-2A, reverse GATAACTGCCCTCCAGCAAC
Human MEF-2B, forward AAGTTCGGGCTGATGAAGAA
Human MEF-2B, reverse CATACTGGAAGAGGCGGTTG
Human MEF-2C, forward CTGGCAACAGCAACACCTAC
Human MEF-2C, reverse GAAGGCAGGGAGAGATTTG
Human MEF-2D, forward CACCTGACAATCACCCACAC
Human MEF-2D, reverse AGCATCACCATACAGCACGA
Human Px region (Tax), forward CAAAGTTAACCATGCTTATTATCAGC
Human Px region (Tax), reverse ACACGTAGACTGGGTATCCGAA
Human B-actin, forward TGCTGCCATCGTAAACTGAC
Human B-actin, reverse CTTCCACAGGGCTTTGTTTC




Supplementary Table 2: List of antibodies used.

Primary antibody Company Catalog number
MEF2A Rabbit Polyclonal antibody Proteintech 12382-1-AP
MEF2B Rabbit Polyclonal antibody Proteintech 18710-1-AP
MEF2C Rabbit Polyclonal antibody Proteintech 10056-1-AP
MEF2D Rabbit Polyclonal antibody Proteintech 14353-1-AP
Cofilin Rabbit Polyclonal antibody Abcam ab42824
Jun D Mouse monoclonal antibody Santa Cruz Sc-271938
MENZ1 Polyclonal antibody Proteintech 15159-1-AP
CREBL Rabbit Polyclonal antibody Proteintech 12208-1-AP
PCAF Rabbit Polyclonal antibody Proteintech 13983-1-AP
SIN3A Mouse Monoclonal antibody Proteintech 67197-1-1g
SP1 Rabbit Polyclonal antibody Proteintech 21962-1-AP
SP3 Rabbit Polyclonal antibody Proteintech 26584-1-AP
CEBPA Rabbit Polyclonal antibody Proteintech 8311-1-AP
HDAC3 Rabbit Polyclonal antibody Proteintech 10255-1-AP
HDAC4 Mouse Monoclonal antibody Proteintech 66838-1-1g
GAPDH Rabbit monoclonal antibody Cell signalling 2118
NUR77 Rabbit Polyclonal antibody Proteintech 12235-1-AP

Secondary antibody Company Catalog number
Rabbit anti-goat 1gG (H+L), HRP conjugate Proteintech SA00001-4
Goat anti-mouse 1gG (H+L), HRP conjugate Proteintech SA00001-1
Goat anti-rabbit IgG (H+L), HRP conjugate Proteintech SA00001-2




Supplementary Table 3: List of primers used for Chip-RT PCR.

Primer Sequence

Primer Name

CCCTCCCGCTGGTTATTC

NR4A1-F

GCGCGGATTGTTTGATCTATAA

NR4A1-R

GCCTCTCCTCCTACTTTTATGATG

5’ LTR primer F

ACCTTGGTCTCGTTTTCACT

5’ LTR primer R

GTGAGGGGTTGTCGTCA

3> LTR primer F

AACGAAAAAGAGGCAGATGA

3’ LTR primer R
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Supplementary Figure 3
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Supplementary Figure 4
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Supplementary Figure 5
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