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1) Investigator-initiated trial

I.  Achievement in 2014
[ Establishment of research system and approval by IRB]

From August to October, 2014, we started the drug formulation of TBT for children, and the
preparation of documents for clinical trials. From October, 2014 to March, 2015, the
establishment of research support system, the drug formulation of TBT for children, the
preparation of pharmacokinetic analysis were completed. Also, we obtained IRB approval in
National Cancer Center, Osaka City General Hospital, and Kyusyu University, and submitted the

notification of clinical trial on March 10, 2015.

II. Achievement in 2015
[Investigator-initiated phase I trial of TBT]
From April, 2015, the registration of an investigator-initiated phase I trial of TBT had been

started. We treated three cases as level 1 (6 mg/m?), three cases as level 2 (8 mg/m?), and seven



cases as level 3 (10 mg/m?2) under the regimen of 2-week oral administration and 2-week washout.

Finally, the maximum dose was reached to level 3 (10 mg/m2) under this regimen.

[Planning and conduct of the additional cohort]

Although many patients who received the regimen of 2-week oral administration and 2-week
washout showed the reduction of inflammation response during administration period, the
symptom flare up was observed during washout period. We had decided that the increase of TBT
intake should be required by prolongation of administration period, shortening of washout period,
or increase of administration dose or period. Based on the data of preclinical study as mentioned
below, we had the pre-interview with PMDA on June 12, 2015, and had decided to conduct the
additional cohort with the regimen of 3-week oral administration and 1-week washout. In 2017,

three cases were registered for level 3' (10 mg/m?) in this regimen.

ITI. Achievement in 2016
[ Conduct of the additional cohort]
For the additional cohort, three cases and six cases were registered as level 3' (10 mg/m?2) and
level 4' (12 mg/m?), respectively. We had completed additional cohort and had determined the
recommended dose at 12 mg/m2in the regimen of 3-week oral administration and 1-week

washout.

[TBT pharmacokinetic analysis]

We analyzed pharmacokinetics of TBT using the plasma from the patients of TBT-phase I trial
using LC-MS/MS. Since the calibration curve, the QC samples, and the ISR data passed
acceptance criteria, it was concluded that the analysis system could be used for clinical specimen
with high reproducibility. We also conducted the stability check of TBT and DAC, and found that

these compounds were stable for 20 months in frozen plasma.

[Analysis of the effect of TBT on differentiation of bone marrow-derived cells]

It is known that TBT induces differentiation of bone marrow-derived cells, and one of the
mechanisms is the role of immunocompetent cells such as suppressor cells. In 2014, we
measured myeloid-derived suppressor cells (MDSCs) and lymphocyte subsets using the plasma
from the patients of TBT-phase I trial. Although there were no changes in the population of
lineage cells, including T-cell, by TBT administration, it seemed that MDSC was decreased by
TBT treatment.

2) Analysis of molecular mechanisms and development of biomarker for drug response

I.  Achievement in 2014
[Effect of low-dose TBT in vivo)
We have already revealed that neuroblastoma differentiation could be induced by low-dose
TBT that is one-tenth of 13-cis-retinoic acid in vitro. In 2014, we analyzed tumor suppressive
effect of low-dose TBT (2 mg/kg) in vivo using xenograft model of NB-1 cells. It is revealed that

low-dose TBT could suppress tumor growth significantly without any severe side-effects, and that
7



the differentiation markers (NTRK2 and NGFR) were up-regulated in the tumor treated with low-
dose TBT.

[ Establishment of preclinical data]
Seven additional cell lines were used to analyze tumor suppressive effect and differentiation
effect by the combination of TBT and DAC. We discovered that prolonged washout period
enhanced the effect of DAC, and had established an optimal schedule of TBT and DAC

administration.

II. Achievement in 2015
[Analysis of the molecular mechanism of DAC response]

It is still unclear that the molecular mechanism why DNA demethylating agent shows
response even the demethylation induction is mild. We hypothesized that although, in bulk cells,
demethylation does not seem to be completely induced, in individual cell, demethylation are
completely induced, leading to the normalization of cancer-related pathways. To prove this
hypothesis, the clones of colorectal cancer cell lines after DAC treatment were established. We
analyzed genome-wide DNA methylation of each clones, and found that complete demethylation
was induced in different gene sets, which were specific to each clones. These data indicate that
normalization of cancer-related pathways in individual cell might be important for the response of
epigenetic therapy.

To reveal which genes are demethylated by DAC in neuroblastoma cell lines, genome-wide
DNA methylation analyses was performed using four cell lines. We compared untreated cells
and treated cells, and performed GO and KEGG pathway analyses focusing on the 168 genes with
CGI located at TSS200 and enhancer. The first term of hypomethylated genes was neurological
system process, and the genes involved in neuroactive ligand-receptor interaction pathways were
also enriched. These data indicate that in neuroblastoma, the genes involved in neuronal
function might be aberrantly methylated and preferentially demethylated by DAC, and that DNA

demethylation therapy might be effective to induce neuron differentiation.

[Pre-clinical study for the additional cohort of TBT-phase I]
Based on the response of first cohort of TBT-phase I, the change of TBT regimen was required.
To reveal the effect of differentiation by different schedules, we treated NB-1 cell line, and found
that, compared with the sequential administration, the levels of differentiation and cell growth

suppression were maintained at the same level by the pulse administration.

[Development of biomarkers for drug response]

To isolate the markers reflecting DAC response, we conducted genome-wide DNA methylation
analysis, and found that 262 genes were heavily methylated in multiple neuroblastoma cell lines
and demethylated by DAC. Also, to identify the marker reflecting TBT+DAC response, the
comparative analysis using methylation data and expression data was performed, and 18 genes
were selected as the genes up-regulated by a combined therapy. Among the 18 genes, the
expressions of 6 genes were highly induced by a combination compared with TBT single
treatment. SECTMI1 (TNF pathway gene), BCL2L10 (apoptosis-related gene), and S100A6



(neuron differentiation-associated genes) were incudes in the 6 genes, meaning that these were
the target of epigenetic-based differentiation therapy, and might become promising markers to

monitor therapeutic effect.

III. Achievement in 2016
[Development of biomarker for drug response]

To test the ability of marker candidates, we analyzed DNA methylation level of SECTM1 in
the tumors of xenograft model. In mock-treated tumors, the promoter methylation level of
SECTM1I1 was almost 100%, while in DAC-treated and TBT+DAC-treated tumors, that was
around 40 and 60%, respectively, showing that SECTM1 can be used to monitor demethylation

level in clinical samples.

[DNA methylation analysis using cell-free DNA]

To analyze DNA methylation using cell-free DNA that is mainly originated from responder
cells to therapy, we treated NB-1 cells with DAC, and analyze genome-wide DNA methylation in 1)
surviving cells, ii) floating-cells, and iii) cell-free DNA in the media. The number of demethylated
genes in cell-free DNA was higher than that in surviving cells, and 2,910 genes were isolated as
demethylated genes in cell-free DNA, meaning that these genes are the candidates of a biomarker
for DAC response. Also, we discovered the presence of human DNA in the plasma from mice which
were bearing xenograft tumors and treated with DAC, and found that repetitive sequence
(LINE1) of human DNA was demethylated in cell-free DNA. Moreover, to develop a novel method
for demethylation analysis, we succeeded to extract cell-free DNA from the plasma of pancreatic
patients, and confirmed that DNA length is around 130 - 150 bp, that is similarly to the DNA

wrapping with a nucleosome.
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