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(F£30)
We have proven that immature NK cells activated with I1.-2 are endowed the resistance against
CD81-induced suppression and display vigorous inhibitory effects on HCV replication (patent#
5696317). In addition, we succeed the induction of NK cells from CD34+ hematopoietic
progenitor cells and iPS cells. By application of those accumulated technologies and knowledges,

in the present study, we conducted basic and clinical researches with the aim of establishing
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1.

novel anti-HCV therapies that can avoid appearance of drug-resistant mutant and
carcinogenesis.

Clinical phase I/II studies to evaluate therapy of adoptive transfer of IL-2-stimulated NK cells
extracted from donor liver graft perfusate with the aim of inducing anti-infectious and anti-HCC
effects : Most immunosuppressants reduce the proportion of adaptive components of cellular
immunity while maintaining the innate components. Natural killer (NK) cells play a central role
in innate immunity against neoplastic cells; therefore, their augmentation is a promising
immunotherapeutic approach against HCC recurrence after liver transplantation (LT). We
propose that adoptive transfer of IL-2-stimulated TRAIL* NK cells extracted from donor liver
graft perfusate can mount an anti-tumor response without causing toxicity to intact recipient
tissues. Since 2006, we have successfully performed NK-cell immunotherapy in 30 living donor
LT (LDLT) recipients with HCC in Hiroshima. We also applied the proposed approach to the
deceased donor LT (DDLT) recipients in collaboration with Miami University group since 2009.
This phase I study included 17 subjects. No study related adverse events were noted in either of
the studies. In the series of LDLT with HCC, among the 52 patients who met the Milan criteria
(MC) on preoperative imaging (NK group n=25; control group n=27), 18 patients (35%) had HCC
exceeding MC on postoperative pathology. Of these 18 patients, the recurrent free survival (RFS)
rates were significantly improved in the NK group (n=10) as compared to those in the control
group (n=8). In the series of DDLT with HCC, among the 17 patients who met MC on
preoperative imaging, 9 patients (53%) had HCC exceeding MC on postoperative pathology. None
of the patients have shown any symptom of HCC recurrence. Thus, the administration of
IL-2-stimulated NK cells derived from both living and deceased donor liver allografts is a
potential novel adjuvant immune treatment for further improving the outcome of LT patients
with HCC meeting MC.

Standardization and non-clinical proof-of-concept study for clinical use of NK cells derived from
CD34" hematopoietic progenitor cells and improvement of efficiency of NK cell differentiation
from iPS cells : We attempted to develop a technique to increase the NK cells from peripheral
blood mononuclear cells (PBMCs) or differentiate them from CD34* hematopoietic stem cells
(HSCs) for repeated adaptive immunotherapy. CD56+ cells were differentiated from CD34+ HSCs
in auto-serum-supplemented X-VIVO-15 medium containing SCF, Flt-3, IL-7, and IL-15. The
CD56* cells derived from CD34+ cells increased >400-fold following 28-day culture. These cells
exhibited surface markers similar to those of NK cells, including NKp46, CD94, NKG2D etc., and
produced IFN-y. After cultivation with HCV replicon-containing hepatic cells or HCC cells, the
CD56* cells differentiated from HSCs exhibited anti-HCV and anti-HCC activities in vitro. Thus,
CD56+ cells differentiated from HSCs exhibited anti-HCV activities and anti-tumor efficacy.

Improvement of efficiency of NK cell differentiation from iPS cells : We also attempted to develop
a technique to generate NK cells from induced pluripotent stem GPS) cells for additional
anti-HCV and anti-HCC immunotherapies. Undifferentiated human iPS cells were induced to
hematopoietic differentiation by co-culture with the mouse bone marrow-derived stromal cells.

After 28 days, the propagated CD34* HSCs were isolated and transferred to the mouse
5



liver-derived stromal cells. Further 21-28 days passed, proliferated cells displayed the typical NK
cell phenotype with cytotoxicity and anti HCV activities, i.e. they expressed NKp46, CD16, CD94,
TRAIL and CD226 in addition to IFN-y. Thus, we demonstrated the derivation of NK cells from
iPS cells that had the potential of anti-HCV and anti-HCC activities.
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