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Chronic active Epstein-Barr virus (EBV) infection (CAEBYV) is a rare and intractable disease characterized
by clonal proliferation of T or NK cells infected with the virus.  Although hematopoietic stem cell transplantation
is effective as a curative therapy, complications of transplantation occur frequently in this disease and the
development of safer and more reliable therapeutic approaches are urgently required. The goal of this study is to
find seeds of chemotherapeutic drugs that inhibit proliferation of and cytokine production by EBV-infected T/NK
cells of CAEBV. For this goal we utilized our original CAEBV animal model and original screening method to
find drugs that selectively kill EBV-infected cells. The results obtained in the four main parts of the study are
described below.

(1) Studies on approved drugs that may be effective for the treatment of CAEBV

EBV-infected T/NK cell lines or peripheral blood mononuclear cells freshly isolated from CAEBV patients
showed constitutive activation of the cellular transcription factor STAT3. The protein kinase JAK1/2 inhibitor
ruxolitinib that inhibits activation of STAT3 was shown to inhibit proliferation of these cells and induced their cell
death. In addition, ruxolitinib suppressed cytokine production from these cells. Based on these findings, we
planned a clinical study to examine the effect of ruxolitinib on CAEBV and started discussion with the PMDA. In
addition, we started a pilot clinical study on the effect of the proteasome inhibitor bortezomib on CAEBW.
Treatment of the first enrolled patient was started on January 2017. The chemokine receptor 4 (CCR4), the target
of the anti-adult T-cell leukemia drug mogamulizumab, was shown to be expressed in ten out of thirty-six (28%)
patients of EBV-associated T/NK lymphoproliferative disorders. 63% of patients in whom y3T cells are infected

with EBV were shown to express CCR4. Mogamulizumab is expected to be effective in those fractions of patients.
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The JAKS inhibitor tofacitinib, approved for the treatment of rheumatoid arthritis, was shown to inhibit the
proliferation of EBV-infected T/NK cells both in vitro and in vivo.
(2) Screening for molecules with selective toxicity to EBV-infected cells

We have two screening systems for this purpose. The first one uses human cell lines that express human
thymidine kinase (TK) or EBV-encoded TK to find nucleoside analogs that selectively kill cells expressing
EBV-encoded TK. The second one uses the EBV-infected KAI3 cell line to find drugs that have selective toxicity
to EBV-infected cells. This year we mainly used the latter system and found 6 drugs that showed toxicity to KAI3
cells. Among them, six were low, three were intermediate, and two were high in selectivity to EBV-infected cells.
(3) Clinical analyses of CAEBV patients and investigation on the mechanisms of proliferation of
EBV-infected T/NK cells

To facilitate evaluation drug seeds for CAEBV, we developed a ready-to-use drug kit to analyze latent EBV
gene expression. Efficient performance of the kit was proved in testing clinical materials. Expression of the
EBV gene BZLF1 in the lesion was shown to be a prognostic factor indicating poor prognosis in cutaneous
CAEBV-related diseases such as hydroa vacciniforme. The EBWV-encoded RNA EBER, secreted from
EBV-infected T/NK cells as an exosome content, was shown to enhance the survival and proliferation of these cells,
pointing to the possibility that EBER can be a promising target of CAEBV therapy.
(4) Control of EBV-induced cell proliferation by gene targeting

Although we have been trying to control proliferation of EBV-infected T/NK cells by targeting the virally
encoded LMP1 gene by CRISPR/Cas9, we have not yet obtained a positive result.
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