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HTLV-1  (human T-cell leukemia virus type 1 ) 

Origin, spread and prevalence of HTLV-1 

from Verdonck K. et al (2007): Lancet Infectious Diseases 7(4): 266.  



endemic retrovirus in tropical area including south-west Japan

most of the carriers are asymptomatic

about 5 % of the carriers develop leukemia of infected cells

        (adult T-cell leukemia; ATL)

Some carriers develop chronic inflammatory diseases, 

such as HTLV-1 associated myelopathy (HAM/TSP)

HTLV-1  (human T-cell leukemia virus type 1 ) 
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Life cycle of retrovirus 
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Provirus transcription should be regulated  
to evade host immunity

HTLV-1 replicates mainly via clonal expansion of infected cells 

Interaction between the host and retroviral genome
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 small genome size (9 ) 
 both plus and minus strand transcription 

Structure of HTLV-1

pX region 
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Epigenome pattern of HTLV-1 provirus

(an ATL cell line, ED)
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Primary HTLV-1+ T-cell clone (TBX-4B)

0

5

10

15

20

H3K4me3 

IgG 

0

1

2

3

4

0

5

10

15

20

H3K4me3

IgG

0

2.5

5

7.5

10

H3K36me3
IgG

ATL-derived T-cell line (ED)

0

25

50

75

100

0

0.2

0.4

0.6

0.8
H2A.Z
IgG 

3'LTR

pX2

pX1

env

pol

gag

5'LTR

3'LTR

pX2

pX1

env

pol

gag

5'LTR

3'LTR

pX2

pX1

env

pol

gag

5'LTR
0.08

3'LTR

pX2

env

pol

gag

5'LTR

pX1
pX1

3'LTR

pX2

env

pol

gag

5'LTR

3'LTR

pX2

pX1

env

pol

gag

5'LTR

3'LTR

pX2

pX1

env

pol

gag

5'LTR

0

25

50

75

100

3'LTR

pX2

pX1

env

pol

gag

5'LTR

0

0.4

0.8

1.2

1.6

pX1

3'LTR

pX2

env

pol

gag

5'LTR

0

0.2

0.4

0.6

0.8

H3K9Ac
IgG

3'LTR

pX2

pX1

env

pol

gag

5'LTR

H3K36me3
IgG

H3K9Ac

IgG

D

E

%
 o

f I
np

ut
%

 o
f I

np
ut

%
 o

f  
DN

A 
m

et
hy

la
tio

n
%

 o
f  

DN
A 

m
et

hy
la

tio
n

0.06

0.04

0.02

0

H2A.Z
IgG

gag pol env  pX 5’LTR 3’LTR 

3’LTR

A

5’LTR gag pol env pX1 pX2

Figure 1

F

Input DNA

G

H
HIV-1-infected cells 

(U1 cells)

0

1

2

3

H3K36me3 

IgG 

3'LTR

tatenv

vifpol

gag

5'LTR

%
 o

f I
np

ut

position of HIV-1 genome

DNA methylation

H3K4me3

HTLV-1

H3K36me3

5’LTR 3’LTR

H2A.Z

H3K9Ac

Epigenetic
 Border

H3K9Ac

H2A.Z

H3K36me3

50

25

0

50

25

0

34

17

0

26

13

0

 
 

H3K4me3
142

71

0

5’LTR 3’LTRgag pol env pX

B

C

Primary HTLV-1+ T-cell clone (TBX-4B)

0

5

10

15

20

H3K4me3 

IgG 

0

1

2

3

4

0

5

10

15

20

H3K4me3

IgG

0

2.5

5

7.5

10

H3K36me3
IgG

ATL-derived T-cell line (ED)

0

25

50

75

100

0

0.2

0.4

0.6

0.8
H2A.Z
IgG 

3'LTR

pX2

pX1

env

pol

gag

5'LTR

3'LTR

pX2

pX1

env

pol

gag

5'LTR

3'LTR

pX2

pX1

env

pol

gag

5'LTR

0.08

3'LTR

pX2

env

pol

gag

5'LTR

pX1
pX1

3'LTR

pX2

env

pol

gag

5'LTR

3'LTR

pX2

pX1

env

pol

gag

5'LTR

3'LTR

pX2

pX1

env

pol

gag

5'LTR

0

25

50

75

100

3'LTR

pX2

pX1

env

pol

gag

5'LTR

0

0.4

0.8

1.2

1.6

pX1

3'LTR

pX2

env

pol

gag

5'LTR

0

0.2

0.4

0.6

0.8

H3K9Ac
IgG

3'LTR

pX2

pX1

env

pol

gag

5'LTR

H3K36me3
IgG

H3K9Ac

IgG

D

E

%
 o

f I
np

ut
%

 o
f I

np
ut

%
 o

f  
DN

A 
m

et
hy

la
tio

n
%

 o
f  

DN
A 

m
et

hy
la

tio
n

0.06

0.04

0.02

0

H2A.Z
IgG

gag pol env  pX 5’LTR 3’LTR 

3’LTR

A

5’LTR gag pol env pX1 pX2

Figure 1

F

Input DNA

G

H
HIV-1-infected cells 

(U1 cells)

0

1

2

3

H3K36me3 

IgG 

3'LTR

tatenv

vifpol

gag

5'LTR

%
 o

f I
np

ut

position of HIV-1 genome

DNA methylation

H3K4me3

HTLV-1

H3K36me3

5’LTR 3’LTR

H2A.Z

H3K9Ac

Epigenetic
 Border

H3K9Ac

H2A.Z

H3K36me3

50

25

0

50

25

0

34

17

0

26

13

0

 
 

H3K4me3
142

71

0

5’LTR 3’LTRgag pol env pX

%
 o

f I
np

ut

Koiwa et al, JV 2002 
Takeda et al, Int J Cancer 2004 
Taniguchi, Retrovirology, 2005

HTLV-1 HTLV-1

""



Typical pattern of proviral transcription in ATL cells
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ChIP assay, ChIP-seq
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CTCF forms DNA looping and regulates intra- and inter-chromosomal interaction.

Chromatin looping

CTCF (CCCTC-binding factor)
・A DNA-binding protein, critical organizer of higher-order chromatin structure 
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total 80M reads in CTCF ChIP-seq 

only 180 viral reads 
(0.0002%)

Human genome:  3.1 billion bp   
HTLV-1 genome:  9 kb

Genome size difference between virus and the host

Frequency of HTLV-1 in human genome =  0.00015% 
L#H!ME

!NL#HMEO!

ABCDE$'F

B

E

C

Primary HTLV-1+

T-cell clone (11.63)

F

PBMCs 

(HAM/TSP)

ATL-derived     

0

0.1

0.2

0.3

CTCF

IgG

3'LTRpX2pX1envpolgag5'LTR

0

0.1

0.2

0.3

CTCF
IgG

pX2pX1envpolgag

0

0.1

0.2

0.3

3'LTRpX2 pX1env pol gag 5'LTR 

3'LTR

%
 o

f I
np

ut

%
 o

f I
np

ut
%

 o
f I

np
ut

A

S
im

ila
rit

y 
sc

or
e 

(%
)

Nucleotide position of HTLV-1 genome (kb) PBMCs

(ATL)

%
 o

f I
np

ut

0

0.1

0.2

0.3

0.4

0.5

pX2pX1envpolgag

CTCF

IgG

5'LTR 3'LTR

CTCF

IgG

20 

40 

60 

80 

00 

0 1 2 3 4 5 6 7 8 9 

antisense 

sense 

5'LTR

T-cell line (ED)  

3'
LT

Rta
t

en
vvifpo
l

ga
g

5'
LT

R

po
l2 ne
f

TC
1

%
 o

f I
np

ut

0.5 HIV-1-infected cells (U1 cells)

CTCF 

IgG 

D

0.4

0.3

0.2

0.1

0

Figure 2

G

Input DNA
50

25

0

     
 5’LTR 3’LTR

56

28

0

gag pol env pX

CTCF

N"EO

"P



1_37

1_38

2_26

2_25

3_7

3_8

Enrichment of HTLV-1 sequence 

Design of biotinylated 148 probes for HTLV-1 genome 
5’LTR 3’LTR
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(Miyazato P et al, Sci Rep 2016)
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