
Main Text

 Obtaining a cure against an infectious 
disease involves eliminating the pathogenic 
microbe from the patient. In acute viral in-
fections, such as influenza, the pathogen be-
comes undetectable as the patient recovers. 
After symptoms have disappeared, the pa-
tient becomes free of the viral pathogen, al-
though this may take several weeks or even 
months. This is attributed to the power of im-
munity. By contrast, some viruses that estab-
lish latent or chronic infections are difficult
,if not impossible, to get rid of. These include 

human T-cell leukemia virus type I (HTLV-
1) and human immunodeficiency virus (HIV), 
both of which belong to the human retrovirus 
family.1,2 The retroviral genome is made up of 
RNA, which is converted to DNA when the 
virus enters the cell. Then, the viral genome 
is integrated into the chromosomal DNA as a 
provirus. Once integrated, the proviral DNA 
behaves like the host chromosomal DNA and 
cannot be distinguished easily from the cel-
lular genome. Current medical technology is 
unable to remove the provirus from infected 
cells. Thus, at present, we cannot cure ret-
roviral infections, which quite often persist 
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Fig. 1　Current status and future prospect of strategies toward HTLV-1 infection. No 
cure protocol is currently available for HTLV-1 infection. Our approach aims to cure 
HTLV-1 infection as well as to treat ATL by adopting a genome editing technique target-
ing the proviral DNA. 
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until the death of the patient (Fig. 1). Vac-
cines are excellent tools for preventing patho-
gen infections. Unfortunately, no vaccine 
is currently available to combat HTLV-1 or 
HIV infections. 

 HTLV-1 is a causative agent of adult T-
cell leukemia (ATL) and myelopathy (HAM).1 
There is currently no medicine that is specifi-
cally effective against ATL or HAM. HIV-1 
causes acquired immunodeficiency syndrome 
(AIDS).2 By contrast to HTLV-1 infection, 
molecular medicines are available to slow 
down the disease progression of HIV-1 infec-
tion, but these medicines must be taken for 
the entire life of the patient and thus do not 
result in a cure.

 We set out to develop a new approach to 
cure HTLV-1 infection. We used an artificial 
enzyme called Zinc Finger Nuclease (ZFN),3 
which introduces a double strand break (DSB) 
into DNA upon substrate recognition. We de-
signed a pair of ZFN molecules that specifical-
ly recognizes the long terminal repeat (LTR) 
of HTLV-1 provirus. When they were trans-
duced, the HTLV-1-infected cells underwent 
programmed cell death.4 More importantly, 
we found that this molecular approach had 
the potential to remove the proviral DNA 
from the infected cells. This is the first report 
providing scientific evidence that obtaining a 
cure of HTLV-1 infection is feasible. The tech-
nology is still under laboratory development, 
and although it will need more time and ef-
fort to develop clinical applications based on 
this strategy, the work is notable because we 
expect it will have an important impact on 
the direction of future therapies designed to 
specifically target HTLV-1 infection. We be-
lieve that this proof-of-concept study finally 
offers HTLV-1-infected individuals a glimpse 
of a cure.

 The scope of the above approach is not re-
stricted to HTLV-1 infection, but could also 
serve as a basis for novel therapies against 
other chronic viral infections, including Ep-
stein-Barr virus (EBV), which also causes ma-
lignant disorders.5 We have reported and will 
continue to report new methodologies, based 
on molecular to population approaches, to 

combat both acute and chronic infectious dis-
eases.6-20 The methodologies we have developed 
reveal the Achilles’ Heel of pathogen infec-
tion, which could serve as a platform for the 
development of novel therapies that target 
the underlying molecular determinants spe-
cific to each infectious disease. Our mission is 
to conduct basic science and bridge it to clini-
cal applications against infectious diseases 
that still continue to threaten human health 
globally.
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