
Supplemental Figure 1. Screening of epigenetic targets that affect the differentiation status of CD8+ T cells. Flow cytometry 

plots of CD45RA, CD62L and CCR7 expression in CD8+ T cells treated with each chemical probe 14 days following initial 

stimulation with aAPC/mOKT3.
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Supplemental Figure 2

Supplemental Figure 2. Effects of epigenetic chemical probes on CD8+ T cell differentiation. (A, B) Frequency of 

CD45RA+ CD62L+ CCR7+ (A) and CD45RA- CD62L+ CCR7+ cells (B) within CD8+ T cell population cultured for 14 days in 

the presence of each chemical probe.  Inhibitors for p300 and BET proteins are indicated in bold.  The error bars indicate the S. 

D. of three technical replicates.  The dotted lines indicate the mean values in DMSO control wells.
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Supplemental Figure 3

Supplemental Figure 3. Effects of epigenetic targets on differentiation of CD45RO+ memory T cells. (A, B) Peripheral 

blood CD3+ CD45RO+ T cells were stimulated with aAPC/mOKT3 and subsequently treated with each epigenetic chemical 

probe.  The frequency (A) and absolute fold expansion (B) of CD45RA- CD62L+ CCR7+ cells within the CD8+ T cell population 

14 days following initial stimulation are shown.  Inhibitors for p300 and BET proteins are indicated in bold.  The error bars 

indicate the S. D. of three technical replicates.  The dotted lines indicate the mean values in DMSO control wells.
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Supplemental Figure 4

Supplemental Figure 4. Effects of JQ1 treatment on T cell division rate and viability. (A, B) CD3+ T cells labeled 

with CFSE were stimulated with aAPC/mOKT3 and cultured in the presence of JQ1 or (-)-JQ1 for 3 days.  The average 

mean fluorescence intensity of CFSE in CD4+ and CD8+ T cells (A) as well as the frequency of dead cells (B) were 

evaluated by flow cytometry (n=5).  Error bars depict the S. D.
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Supplemental Figure 5. Differentiation status of CD4+ T cells treated with JQ1. (A, B) CD45RA+ CD62L+ CCR7+ T 

cells were stimulated weekly with aAPC/mOKT3 and cultured in the presence or absence of JQ1.  Representative FACS plots 

showing expression of CD45RA, CD62L and CCR7 (A), and the frequency of CD45RA+ CD62L+ CCR7+ and CD45RA-

CD62L+ CCR7+ cells within the CD4+ T cell population 21 days following initial stimulation is shown (B; n=5, paired t test).  

(C) IL-2 secretion upon restimulation with aAPC/mOKT3 in CD4+ T cells cultured for 14 days with or without JQ1 (n=7, 

paired t test).
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Supplemental Figure 6. Differentially expressed genes between the TSCM/TCM and TEM phenotypes. Normalized intensity 
values of the indicated genes from the published microarray data (GSE11057 and GSE23321) are shown.
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Supplemental Figure 7. Comparison of the functional properties of CD45RO+ memory T cells treated with JQ1 or (-)-JQ1.

(A) CD3+ CD45RO+ cells were stimulated with aAPC/mOKT3 and cultured with JQ1 or (-)-JQ1 for 14 days.  The frequency of 

CD45RA- CD62L+ CCR7+ cells within the CD8+ T cell population is shown (n=8, paired t test).  (B, C) CD45RO+ T cells treated 

with JQ1 or (-)-JQ1 for 14 days were restimulated with aAPC/mOKT3, and the production of IL-2, IFN- and TNF- in CD8+ T 

cells was assessed with intracellular flow cytometry.  The frequency of individual cytokine-secreting cells (B) and those 

producing all three cytokines (C) is shown (n=4, paired t test).  (D) Expression profiles of representative genes with differential 

expression between the TCM and TEM phenotypes.  The average expression levels in the JQ1-treated CD8+ T cells relative to those 

in (-)-JQ1-treated CD8+ T cells are shown (n=4). Error bars indicate the S. D.
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Supplemental Figure 8

Supplemental Figure 8. Effects of JQ1 on CD8+ T cell differentiation in the absence of costimulatory signals. (A, B) 

CD3+ T cells were stimulated every week with plate-coated anti-CD3 mAb (clone OKT3) and cultured in the presence or 

absence of JQ1.  Representative FACS plots (A) and the frequencies of CD45RA+ CD62L+ CCR7+ and CD45RA- CD62L+

CCR7+ cells (B) within the CD8+ T cell population 14 days following the initial stimulation (n=7, paired t test).  (C, D) 

Secretion levels of IL-2, IFN-, and TNF- were evaluated by intracellular flow cytometry in JQ1- and (-)-JQ1-treated 

CD8+ T cells.  The frequencies of each type of cytokine-secreting cells (C) and cells producing all three cytokines (D) are 

shown (n=5, paired t test).
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Supplemental Figure 9. Differentiation of CD8+ T cells upon antigen-specific T cell stimulation. CD3+ T cells were 

stimulated weekly with aAPC/A2 loaded with mutant MART127–35 peptide in the presence of JQ1 or (-)-JQ1.  The CD8+

A2/MART1 multimer+ cells were analyzed for CD45RA, CD62L and CCR7 expression 21 days after initial stimulation.  

Representative FACS plots of four independent experiments are shown. 
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Supplemental Figure 10

Supplemental Figure 10. Cytokine secretion by CAR-transduced T cells following restimulation with K562-CD19. JQ1- or 

(-)-JQ1-treated CAR-T cells were stimulated with K562-CD19 in the absence of drugs.  Five days later, they were restimulated

with K562-CD19, and cytokine secretion was evaluated by intracellular flow cytometry.  Frequencies of each type of cytokine-

producing cell and cells secreting all three cytokines are shown (n=5, paired t test).
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Supplemental Figure 11

Supplemental Figure 11. Treatment of CD19+ acute lymphoblastic cell line NALM-6 with anti-CD19 CAR-transduced T 
cells.  (A) NSG mice were intravenously injected with NALM6-GL and, 14 days later, treated with CAR-transduced T cells 
treated with JQ1 or (-)-JQ1.  In vivo bioluminescent imaging of luciferase activity at the indicated time points following T cell 
infusion is shown.  (B) Phenotypic analysis for persistent CD8+ CAR-T cells in the peripheral blood.  Representative FACS plots 
at day 7 following T cell infusion are shown. 
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Supplemental Figure 12

Supplemental Figure 12. Autopsy analysis of mice transplanted with JQ1- or (-)-JQ1-CAR-T cells.  (A) Representative 

FACS plots evaluating the persistence of NALM6-GL and CD19 expression in the spleen and bone marrow.  (B) 

Representative FACS plots showing the persistence of CAR-T cells in the spleen. 
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Supplemental Figure 13

Supplemental Figure 13. Cytokine secretion by A2/MART1-T cells following restimulation with aAPC/A2. JQ1- or (-)-

JQ1-treated A2/MART1-T cells were stimulated with aAPC/A2 loaded with MART127-35 peptide in the absence of drugs.  

Five days later, the T cells were restimulated with aAPC/A2 with MART127-35, and cytokine secretion was evaluated by 

intracellular flow cytometry.  Frequencies of each type of cytokine-producing cell and cells secreting all three cytokines are 

shown (n=4; paired t test). 
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Supplemental Figure 14

Supplemental Figure 14. Surface marker phenotypes of CD8+ T cells with BATF knockdown. Surface expression of CD27, 

CD28, and CD127 in the CD8+ NGFR+ T cells transduced with control or siBATF 14 days following initial stimulation with 

aAPC/mOKT3.  Representative plots of the samples in Figure 7C are shown.
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Supplemental Figure 15

Supplemental Figure 15. BATF knockdown by lentiviral shRNA. (A, B) CD3+ T cells were transduced with lentiviral 

shRNAs against BATF and stimulated with aAPC/mOKT3.  Protein levels of BATF in the CD8+ ZsGreen+ T cell population 

were analyzed by intracellular flow cytometry three days following stimulation.  Representative FACS plots (A) and average 

relative mean fluorescence intensity normalized to the control (B) (n=4; one-way ANOVA).   Error bars indicate the S.D.  

(C) Naïve T cells were purified by magnetic selection, pre-treated with IL-7, and transduced with lentiviral shRNA targeting 

BATF at day 5-8.  Representative FACS plots of CD45RA, CD62L and CCR7 expression in the purified naïve T cells and 

after shRNA transduction are shown. 
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Supplemental Figure 16

Supplemental Figure 16. Memory T cell formation from naïve T cells transduced with lentiviral shRNA against BATF. (A) 

Naïve T cells were transduced with shRNA against BATF following pretreatment with IL-7.  They were subsequently stimulated 

with aAPC/mOKT3, and the expression profiles of CD45RA, CD62L and CCR7 within the CD8+ ZsGreen+ T cell population were 

analyzed 10 days following stimulation.  Representative FACS plots of the five experiments are shown.  (B) Naïve T cells 

transduced with shRNA against BATF were transplanted into irradiated NSG mice.  Mice were sacrificed 11 days following T cell

infusion, and the CD8+ ZsGreen+ cells engrafted in the spleen were analyzed.  Representative FACS plots analyzing expression of 

CD45RA, CD62L and CCR7 within the CD45+ CD8+ ZsGreen+ population are shown.  (C) Naïve T cells with shRNA against 

BATF were transplanted into irradiated NSG mice, as shown in Figure 7H.  Mice were sacrificed 16 days following T cell 

infusion, and the frequency of CD45RA+/- CD62L+ CCR7+ cells within the ZsGreen+ CD8+ T cell population in the spleen was 

analyzed (n=6, one-way ANOVA). 
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Supplemental Figure 17

Supplemental Figure 17. Knockdown effects of genes suppressed by JQ1 on memory T cell differentiation. (A) Expression 

of the candidate genes targeted by JQ1 was assessed by quantitative real-time PCR.  Relative expression levels of the indicated 

genes in JQ1-treated T cells relative to (-)-JQ1-treated cells (normalized to UBC) three days after stimulation with aAPC/mOKT3 

are shown (n=4, one-sample test compared to one).  Error bars indicate the S.D.  ND, not detected within 45 cycles of qPCR.  * 

P<0.05, ** P<0.01.  (B) CD3+ T cells were retrovirally transduced with the control, siFOSL2, siID2, or siPRDM1 and NGFR.  

Expression of each target gene compared with the control was assessed by quantitative PCR (n=4, one sample t test compared to

one).  Error bars indicate the S.D.  * P<0.05, ** P<0.01.  (C) CD3+ T cells were stimulated with aAPC/mOKT3 and transduced 

with control, siFOSL2, siID2, or siPRDM1, and NGFR.  The frequency of CD45RA+/- CD62L+ CCR7+ cells within the NGFR+

CD8+ T cell population 14 days after initial stimulation is shown (n=5, paired ANOVA).
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Supplemental Figure 18

Supplemental Figure 18. Phosphorylation of ribosomal protein S6 kinase (S6K) is decreased in JQ1-treated T cells. (A, 

B) CD3+ T cells were stimulated with aAPC/mOKT3 at an E:T ratio of 3:1 and treated with JQ1 or (-)-JQ1 in the presence of 

IL-2 and IL-15.  Phosphorylation of the indicated proteins in CD8+ T cell population was analyzed 5 days after stimulation.  

Representative FACS plots (A) and relative mean fluorescence intensity normalized to freshly isolated CD8+ T cells (B) (n=4; 

unpaired t test).  (C, D) CD3+ T cells were stimulated with aAPC/mOKT3 and transduced with lentiviral shRNA against 

BATF.  The shRNA-transduced T cells were rested in cytokine-free media and then restimulated with aAPC/mOKT3.  

Phosphorylation of S6K in the ZsGreen+ CD8+ T cell population was quantified by intracellular flow cytometry.  

Representative FACS plots (C) and relative mean fluorescence intensity normalized to the control plasmid-transduced cells 

(D) (n=4; one-way ANOVA).

n.s.

Day
 0

 
JQ

1

(-)
-J

Q1

R
el

at
iv

e 
m

ea
n

flu
or

es
ce

nc
e 

in
te

ns
ity

Day
 0

 
JQ

1

(-)
-J

Q1

0

5

10

15
n.s.

Day
 0

 
JQ

1

(-)
-J

Q1

0

1

2

3
n.s.

Day
 0

 
JQ

1

(-)
-J

Q1

0

5

10

15 n.s.
P<0.01

pSTAT5 p-p38 MAPK pERK pAKT pS6KB

Day
 0

JQ
1

(-)
-J

Q1

0

10

20

30

40

R
el

at
iv

e 
m

ea
n

flu
or

es
ce

nc
e 

in
te

ns
ity

C
Control

shBATF-1

shBATF-2

Ctsh

sh
BA
TF

-1

sh
BA
TF

-2

0.0

0.5

1.0

1.5

R
el

at
iv

e 
m

ea
n 

flu
or

es
ce

nc
e

in
te

ns
ity

 o
f p

S
6k

D

P<0.01

P<0.01

pS6K

pSTAT5 p-p38 MAPK pERK pAKT pS6K

JQ1

(-)-JQ1

Day 0 CD8+ T cells

A



Supplemental Figure 19

Supplemental Figure 19. Phenotypic analysis of CAR-T cells after adoptive transfer.  C646- or 
DMSO-treated CAR-T cells were infused into NSG mice transplanted with NALM6-GL.  The frequency 
of CD45RA+/- CD62L+ CCR7+ T cells within the CD8+ CAR+ T cell population was analyzed (n=10, 
unpaired t test).
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Supplemental Table 1. Epigenetic chemical probes with defined targets. 

 

Probe Target Tested dose (M) References  Probe Target Tested dose (M) References 

Histone-modifying enzymes  Histone readers 

UNC0638 G9a/GLP 0.1 1  JQ1 BET Bromodomain 0.15 15 

UNC0642 G9a/GLP 0.1 2  PFI-1 BET Bromodomain 1 16 

A-366 G9a/GLP 0.5 3  Bromosporine pan-Bromodomain 1   

SGC0946 DOT1L 0.5 4  GSK2801 BAZ2A/B 1 17 

UNC1999 EZH2 0.2 5  BAZ2-ICR BAZ2B/A 1 18 

GSK343 EZH2 0.5 6  OF-1 BRPF1-3 1  

GSK-J4 JMJD3/UTX 1 7  Ni-57 BRPF1-3 0.5  

OICR-9429 WDR5 1 8  PFI-4 BRPF1B 0.25  

PFI-2 SETD7 1 9  PFI-3 SMARCA4 1 19 

GSK-LSD1 LSD1 1 10  CI-994 HDAC 1  

UNC1215 L3MBTL3 1 11  LAQ824 HDAC 0.01 20 

SGC-CBP30 CREBBP/EP300 0.2 12  VPA HDAC 400  

I-CBP112 CREBBP/EP300 1 13  Other targets 

C646 EP300 10 14  Olaparib PARP 1  

     IOX2 HIF1a 50 21 

     GSK484 PAD-4 0.5 22 

     LLY-507 SMYD2 1 23 

     Decitabine DNMT 0.05   

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
Supplemental Table 2. Detailed information of the mice transplanted with CAR-T cells. 

 

  Probe 
Overall 
survival 

NALM6-GL at 
autopsy (%) 

CAR-T cell at autopsy (%) 

Signs of 
GVHD Bone 

marrow 
Spleen 

T cells in the bone marrow T cells in the spleen 

CD4+ CD8+ 
CAR+ in 

CD4+ T cells 
CAR+ in 

CD8+ T cells 
CD4+ CD8+ 

CAR+ in 
CD4+ T cells 

CAR+ in 
CD8+ T cells 

1 

JQ1 

85 35.6 25.2 2.02  0.46  0.53  1.56 7.25  0.93  0.41  2 
fur loss and 

red skin 

2 64 67.8 42.8 0.56  0.08  3.60  6.56 0.38  0.08  1.23  6.92 none 

3 65 66 61.8 0.06  0.06  2.60  7.55 0.11  0.35  2.34  5.76 none 

4 59 24.6 14.1 1.05  0.06  3.07  8.7 2.35  0.03  0.00  2.13 none 

5 
91 

(alive) 
NA 

fur loss and 
red skin 

6 
91 

(alive) 
NA none 

7 45 66.1 21.6 0.40  0.02  1.36  4 0.35  0.02  0.76  0 none 

8 
91 

(alive) 
NA none 

9 33 73.2 35.2 0.05  0.02  6.12  0.00  0.06  0.05  2.72  5.17 none 

10 46 45.1 33 0.01  0.06  0.00  1.79 0.00  0.01  0.00  0 none 

1 

(-)-JQ1 

40 82.3 22.4 0.02  0.05  0.00  0 0.53  1.78  0.89  0.484 none 

2 41 84.2 48.5 0.06  0.23  2.33  6.44 0.30  2.45  0.86  0.649 none 

3 37 83.4 48.6 0.04  0.23  4.00  2.76 0.10  1.00  0.00  0.813 none 

4 54 55.8 38.4 0.00  0.00  NA NA 0.00  0.02  NA 0 none 

5 61 28.4 16.8 0.07  0.02  2.71  12.3 0.79  0.21  0.89  3.39 none 

6 46 82.6 45.3 0.21  0.27  1.32  2.11 0.28  1.54  0.63  0.794 none 

7 36 72.9 22.2 0.02  0.00  5.88  NA 0.13  0.01  7.32  0 none 

8 33 68.3 21.5 0.01  0.02  0.00  8.7 0.13  0.12  2.20  6.71 none 

9 40 60.2 21.1 0.03  0.04  0.00  0 0.59  0.49  1.26  2.76 none 

10 34 84.5 37.7 0.07  0.19  2.94  2.25 0.13  1.08  0.00  1.21 none 
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