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Supplementary Methods 

Plasmids 

The expression vectors for HBZ and its deletion mutants, pME18Sneo-HBZ, pcDNA3.1-

HBZ-mycHis, pcDNA3.1-HBZ-DbZIP-mycHis, pcDNA3.1-HBZ-AD+bZIP-mycHis and 

pcDNA3.1-HBZ-DAD-mycHis were described previously (1-3). Expression vectors for 

mouse STAT1 and mouse STAT3 were subcloned from pMX-mouse STAT1 and 

pEFBOS-mouse STAT3 provided by Dr. Kouichi Ikuta of Kyoto University, and human 

STAT1 was subcloned from pBS-HA-hSTAT1 provided by Dr. Koichi Nakajima of 

Osaka City University. The coding regions of human STAT3 and IL-10R1 were 

amplified by RT-PCR from total RNA derived from the HEK293T cell line and normal 

human PBMCs. pNL[NlucP/ISRE/Hygro], pNL[NlucP/GAS-RE/Hygro], pRL-CMV, 

pGL4.10[luc2] and pNL3.2[NlucP/minP] were purchased from Promega. The plasmid 

expressing the luciferase reporter gene luc2 (Photinus pyralis) through the CMV 

promoter was generated by inserting the CMV promoter of pRL-CMV into 

pGL4.10[luc2], and the resulting plasmid was used as a reference vector in the luciferase 

assay. Five tandem sis-inducible element sequences (5 x SIE) were cloned into 

pNL3.2[NlucP/minP]. 

 

Flow cytometric analysis 

Splenocytes from mice were stained with the following antibodies for flow cytometric 

analysis. Anti-CD3 (PE/Cy7, 145-2C11), anti-CD4 (PerCP/Cy5.5, GK1.5), anti-CD8a 

(FITC, 53-6.7), anti-CD62L (APC, MEL-14), and anti-Foxp3 (BV421, MF-14) 

antibodies were purchased from BioLegend. Anti-CD44 (V500, IM7), anti-IFN-γ (PE, 

XMG1.2), anti-IL-10 (PE, JES5-16E3), and anti-IL-17A (PE, TC11-18H10) antibodies 

were from BD Biosciences. Anti-IL-4 (PE, 11B11) and anti-GITR (FITC, DTA-1) 

antibodies were from eBioscience. Rat IgG1k (PE, R3-34, BD Biosciences), rat IgG2ak 

(APC, eBR2a, eBioscience) and rat IgG2bk (FITC, BV421, and RTK4530 from 

BioLegend; PE, A95-1 from BD Biosciences) were used as isotype controls. For cytokine 

staining, splenocytes were cultured with 50 ng/mL phorbol 12-myristate 13-acetate 

(PMA, Nacalai Tesque) and 1 µg/mL ionomycin (Nacalai Tesque) in the presence of 
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protein transport inhibitor, BD GolgiPlug or BD GolgiStop (BD Biosciences), for 5 

hours.  

Human PBMCs were stained with the following antibodies. Anti-CD4 

(PerCP/Cy5.5, RPA-T4), anti-Foxp3 (Pacific Blue, 259D), and anti-IL-10R (PE, 3F9) 

antibodies were purchased from BioLegend. Anti-CADM1 (FITC, 3E1) antibody was 

from MBL. Mouse IgG1k (Pacific Blue, MOPC-21 from BioLegend) and Chicken IgY 

(FITC, polyclonal from MBL) were used as isotype controls. For intracellular staining, 

cells were fixed and permeabilized with the Foxp3/Transcription Factor Staining Buffer 

Set (eBioscience), and intracellular antigens were stained. Dead cells were excluded 

using the LIVE/DEAD Fixable Dead Cell Stain Kit (Invitrogen). Flow cytometric 

analysis was carried out using a FACSVerse with FACSuite software (BD Biosciences). 

Data were analyzed using FlowJo software (TreeStar). 

 

Immunohistochemical analysis 

Formalin-fixed paraffin-embedded tissue samples were sectioned into 2.5 µm slices. The 

specimens were deparaffinized and antigen was retrieved in Tris-EDTA buffer pH 9.0 

(Dako, Tokyo, Japan). Monoclonal rat anti-mouse Foxp3 (1:50, FJK-16s, eBioscience, 

San Diego, California, USA) was used as the primary antibody for immunohistochemical 

staining. The slides were incubated with anti-Foxp3 for 60 min at room temperature, and 

then with secondary antibody using the anti-rat IgG Polymer Detection Kit (VECTOR, 

UK) for 30 min at room temperature. The signals were detected using 3,3’-

diaminobenzidine chromogen (Dako, Tokyo, Japan), and the samples were 

counterstained with haematoxylin. 

 

Cell Proliferation Assay 

Splenic CD4+ T cells were enriched by negative selection using the Mouse CD4 T 

Lymphocyte Enrichment Set (BD Biosciences), then cultured in RPMI 1640 medium 

supplemented with 10% FBS and 55 µM 2-mercaptoethanol, and labeled with 5 µM 

CellTrace Violet. Cells were plated at a density of 2 x 105 cells/well in 96-well round-

bottom plates and treated by immobilized anti-CD3 antibodies with or without 
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recombinant IL-10. 48 hours after stimulation, the intensity of CellTrace was measured 

by flow cytometry. 

 

Immunoprecipitation and immunoblotting 

HEK293T cells were transfected with the indicated plasmids using TransIT-LT1 (Mirus) 

according to the manufacturer’s instructions. After 48 hours, cells were lysed in RIPA 

buffer with protease inhibitor for 30 min on ice. The lysates were immunoprecipitated 

with antibody-conjugated SureBeads Protein G Magnetic Beads (BioRad). ATL-43T(-) 

cells were treated with or without a selective JAK1/2 inhibitor Ruxolitinib for 24 hours 

and lysed in RIPA buffer with protease inhibitor and phosphatase inhibitor for 30 min on 

ice. For immunoprecipitation and immunoblotting, the following antibodies were used: 

Mouse anti-c-Myc (9E10) antibody was purchased from Sigma-Aldrich and Wako. 

Rabbit and mouse anti-FLAG, and mouse anti-a-Tubulin antibodies were purchased from 

Sigma-Aldrich. Rabbit anti-c-Myc antibody was purchased from MBL. Rabbit anti-Stat1, 

rabbit anti-phospho Stat1 (58D6), rabbit anti-Stat3 (79D7), rabbit anti-phospho-Stat3, 

rabbit anti-STAT5 (D2O6Y), and rabbit anti-STAT6 (D3H4) antibodies were purchased 

from Cell Signaling Technology. Mouse anti-HBZ monoclonal antibody (1A10) was 

generated by immunizing C57BL/6 mice with keyhole limpet hemocyanin (KLH)-

conjugated HBZ peptide 97-133 

(CKQIAEYLKRKEEEKARRRRRAEKKAADVARRKQEEQE). Rabbit anti-HBZ 

polyclonal antibody was generated by immunizing with HBZ-peptides 

(CRGPPGEKAPPRGETH and QERRERKWRQGAEKC) (Medical Biological 

Laboratories). Normal mouse IgG (Santa Cruz Biotechnology) was used as a control. 

Anti-mouse IgG-HRP was from Thermo Fisher Scientific and anti-rabbit IgG-HRP was 

from GE Healthcare Life Sciences. Immunoblot data were collected using ImageQuant 

LAS 4000 mini (GE Healthcare). 

 

Immunofluorescence 

HeLa cells were cultured on chamber slides (Matsunami glass) and transfected with 

pcDNA3.1(-)-HBZ-myc-His and pcDNA3.1(-)-STAT1 or STAT3-3xFLAG using 

TransIT-LT1 (Mirus). Jurkat cells were transfected by using Neon transfection system 
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(Invitrogen) and centrifuged onto APS-coated glass slides (Matsunami glass) by Cytospin 

(Shandon). These cells were washed with PBS, fixed with 4% paraformaldehyde for 15 

min, permeabilized with 0.2% Triton X-100 for 15 min, and blocked by incubation in 5% 

donkey serum (Jackson ImmunoResearch). For immunostaining, cells were incubated 

with mouse anti-Myc (9E10, Wako) and rabbit anti-FLAG (Sigma-Aldrich) antibodies 

for 60 min, followed by incubation with Alexa Fluor 488-conjugated donkey anti-mouse 

IgG (Invitrogen) and Alexa Fluor 594-conjugated donkey anti-rabbit IgG antibodies 

(Invitrogen) for 60min. The stained cells were mounted with ProLong Gold Antifade 

Reagent with DAPI (Molecular Probes), imaged using C2 confocal microscope (Nikon), 

and analyzed with ImageJ. 

 

Luciferase assay 

On day 1, HEK293-IL-10R cells were seeded into a 24-well plate at 1 x 105 per well. 

After 24 hours, cells were transfected with the indicated plasmids. At 24 hours after 

transfection, cells were treated with or without 100 ng/mL IL-10 (PeproTech). For 

luciferase assay, the transfected cells were lysed in Passive Lysis Buffer (Promega) and 

luciferase activities were measured using the Nano-Glo Dual-Luciferase Reporter Assay 

System (Promega). Relative luciferase activities of NanoLuc to Firefly were calculated. 

For immunoblotting, cells were lysed in RIPA buffer with protease inhibitor and 

phosphatase inhibitor. Luciferase activities were determined by TriStar LB941 and 

MikroWin 2000 version 4.41 (Berthold Technologies). 

 

Quantitative RT-PCR. Total RNA was extracted using Trizol Reagent (Invitrogen). 

cDNAs were synthesized using ReverTra Ace qPCR RT Master Mix with gDNA 

Remover (TOYOBO) according to the manufacturer's instructions. The transcription 

level of each gene was analyzed by real-time PCR using FastStart Universal SYBR 

Green Master (Roche) and the StepOnePlus Real-Time PCR System (Applied 

Biosystems). Primers used in this study are shown in Table S1. 
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Figure S1. IL-10-producing CD4+ T cells are increased in HBZ-Tg/IL-6 KO mice at 

28 weeks old. 

(A) Flow cytometric analysis of T-cell subsets. Mouse splenocytes were collected from 

WT, HBZ-Tg, IL-6 KO and HBZ-Tg/IL-6 KO mice at 28 weeks old. Cells were stained 

with anti-CD4, anti-CD44, anti-CD62L antibodies for naïve and effector memory T cells, 

and anti-Foxp3 for Treg cells. 

(B) Cytokine production by CD4+ T cells. Splenocytes were stimulated with 

PMA/ionomycin in the presence of protein transport inhibitor for 5 hours, then stained 

with antibodies to the indicated proteins. 

(C) The percentage of CD4+ T cells that are positive for each marker or cytokine is 

shown (n = 4 to 6) (one-way ANOVA with Turkey’s multiple comparisons). 
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Figure S2. Top 50 genes which were up-regulated or down-regulated in HBZ-Tg 

mice compared with WT mice. 

Differentially expressed genes were identified by RNA-seq analysis of CD4+ T cells from 

WT and HBZ-Tg mice and sorted by FDR. 
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Figure S3. Expression of genes associated with the IL-10/JAK/STAT signaling 

pathway in WT, HBZ-Tg, IL-6 KO, and HBZ-Tg/IL-6 KO mice. 

Relative expression values in CD4+ T cells from each strain (n = 3 to 6) were calculated 

by the ddCt method using a value of WT sample as reference. * P < 0.05, ** P < 0.01. 
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Figure S4. Co-immunoprecipitation of HBZ and mouse STAT1 or STAT3. 

The indicated expression vectors were co-transfected into HEK293T cells, and protein 

interactions were analyzed by immunoprecipitation. 
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Figure S5. The interaction between HBZ and STAT proteins in ATL-43T(-) cells 

ATL-43T(-) cells were treated with or without Ruxolitinib for 24 hours. Protein extract 

was immunoprecipitated with anti-HBZ antibody or control IgG. STAT proteins were 

detected by anti-STAT1, anti-pSTAT1, anti-STAT3, or anti-pSTAT3 antibody. 
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Figure S6. Co-localization of HBZ and STAT proteins in HeLa cells. 

HBZ-myc and STAT1 or STAT3-3xFLAG were transfected into HeLa cells. Staining 

was performed using antibodies against myc (green) and FLAG (red). Nuclei were 

stained with DAPI (blue). 
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Table S1. Primers for quantitative RT-PCR 
gene  sequence 

IL10RA F 5'-TCTGTATCACCGAAGCTATGGC-3' 
 R 5'-ATGCCGTCCATTGCTTTCAG-3' 
IL10RB F 5'-AGATCACTGCAAGCGCACTG-3' 
 R 5'-TGTTCATCCGCCAATTCAGC-3' 
JAK1 F 5'-TCAAGGTTGCCAAACAGCTG-3' 
 R 5'-TTGATGAACGGGCCAATGTC-3' 
JAK2 F 5'-AGCAGCTTGGCAAAGGTAAC-3' 
 R 5'-AGTTTCTTCACAGCGACCAC-3' 
TYK2 F 5'-ATTTCCGCTTGACTGCTGAC-3' 
 R 5'-ACAGCTTGGCCTGTACAAAC-3' 
STAT1 F 5'-AACATCTTGGGTACGCACAC-3' 
 R 5'-TGTTCCTTCAGTTGCAGGTG-3' 
STAT3 F 5'-TGGCACCTTGGATTGAGAGTC-3' 
 R 5'-AAACACCAACGTGGCATGTG-3' 
RNA18s5 F 5'-AACCCGTTGAACCCCATT-3' 
  R 5'-CCATCCAATCGGTAGTAGCG-3' 

  



 
 

13 
 

SI References 

1. Zhao T, et al. (2011) HTLV-1 bZIP factor enhances TGF-beta signaling through 

p300 coactivator. Blood 118(7):1865-1876. 

2. Zhao T, et al. (2009) Human T-cell leukemia virus type 1 bZIP factor selectively 

suppresses the classical pathway of NF-kappaB. Blood 113(12):2755-2764. 

3. Satou Y, Yasunaga J, Yoshida M, & Matsuoka M (2006) HTLV-I basic leucine 

zipper factor gene mRNA supports proliferation of adult T cell leukemia cells. 

Proc Natl Acad Sci U S A 103(3):720-725. 

 


