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T8 Jaaghan-1o 2-4il. langan doag. Doopsbrmus gu
Seoul, South Korea

RE: New 1S, Uity Application Na. 16023 565 by Dirwitt KANG ot ol feg
“METHOO FOR FRODUCING STEM CELL CULTURE PLATE AVAILABLE FOR
TISSUE ENGINEERING USING 30 PRINTING FOR HUMAN ORGANOID
GENERATION", Vour Rels V1S0PSLMUS: Our Ref- PK163456

Dex Colleagues.

Thank you for yoor onder emull is connection with the ahove-adeatificd LS. Applicatice
Wie ane pleased o report that we propared and clectmnically filed the application in exocoied form
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STEM CELL - 196314 sicHof|A{ X1 2t

1908 ‘= 7| M=’ 0] &| 2k, 21 A| O} Alexander Maksimov

1963 Mouse =AM S7|M = &A

1968 ZX|XZ Q17F9] 20| Al A|=, Friedenstein

1978 QUZHSHFEHOM ZBE M= =2

1981 Mouse HjO}0f| A H{O} = 7| M| 2= 22|

1996 =H| Y =2|(Dolly The sheep), E= 0|2 EHE

1999 I XH{ 1LY pittinger S X|'WZEE]0| M S 7| M = T
2001 %|=X 217t HOF = X|ol 0] H{O}= 7| M| = 2t=

2006 F | FE=2SE7| M (iPs cell) ¥ (S. Yamanaka)
2007 CQl7to| =Tk =7| M2 (iPs cell) @/d (S. Yamanaka)
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Adult somatic cells

iPSCs

Adult tissue stem cells
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VEGF
TGF- I}
bFGF
Angiopietin -1, 2
TNF
GDNF
GCSF
EPO
BDNF
IGF -1
HGF
FGF2
IGFBP -1, 2

Stem Cell Por _H|E}
CNTF

NGF
Neurotrophin -4

Exosome
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Human adipose-derived stem cells partially
rescue the stroke syndromes by promoting spatial
learning and memory in mouse middle cerebral
artery occlusion model

Fei Zhou'", Shane Gao™, Lin Wang™, Cherud Sun’, Lu Chen®, mgman Halyang Zhao®, ¥ Yi', Ying Qin’,

.E?dqam;Dcm Lirei Cac®, Haiyan Ren', Liang Zhu’, Qiang U", BInqLu Albin Liang®, Guo=Tong Xu®,
Hongwen Zhu™®, Zhengliang Gao™®, Jie Ma™, Jun Xu™ and Xu Chen"

Abstract

G i |has brought stemn cell therapy to the forefront a8 new promising appeoaches.
Mmmm OF all candidate seeding cell, adipose-desived stem calls (ADSCs) are comibdered a3 one of
the moat appeopriste for srcke treatment. Howewer, previous eaperimental dats could not reach 1o an agreesTent on

€
Cerebral Infarction (um”~ )

the efficacy of ADSC tramplantation for teating stroke in who a5 woll i its mechanism which hinders their further
clinical trandational application,

Methods: To explore thelr in whvo mechanism of hADSC adminisiration on neusclogical ifury, hADSC were labeled
mimd(mnmemﬁmhfw\gFGi}hﬂMMNn«uﬂmh{K}mw«tlﬂhh
it wary. N gical function was evalusted by Rogers Scaling Systern and their spatial leaming and memory was
determined by Morris Test. 2.3 S-tripherybetrasclium chioride was camiod out 10 compane the infarc area among
wwmmwam.nnuwwmmmu-un WO MRagEaTion, trardfienenaation and

with the neuronal circuitry. To better address the underhing rescuing mechanism, gRT-PCR
wuwh'mndmnmmufm MAP2, GFAP, microgla marker of Ibal,
Results: & was found that hADSCs could promote both spatial leaming and memary of MCAD mice. Co-ocalation of
GFP and MAP2 wese found in the whale conex with significandy (P<0.01) higher B &t the cor
pared weh the onex, Low pr tage of GFP and GFAP co-localoed cells were found at whole conex.

e, Ibal* glks and GFAP* el were significandy (P<005) suppressed by hADSC injection,
Condusions: MADSCs could transdifferentiate into newron like cells (MAP2*) in w0 and probably used s seeding cells
fior replacemnent based sem cell therapy of stroke. Al sigrificant dation was found hACSCS
could sigrdficanty protect the endogenous newon sunival. This sudy dernonstmted thar hADSC intorvertion with
MCAD mice could apparendy amelioate smoke symptoms by direct cell replac enhanced '

..§§§§§ o

Zhou et al. Stem Cell Research & Therapy (2015) 6:92
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Allogeneic Transplantation of an Ch
Adipose-Derived Stem Cell Sheet A sesx [ Z7q=oal | B[ ay =g
Combined With Artificial Skin o xd
Accelerates Wound Healing in a Rat - v—
Wound Model of Type 2 Diabetes Day O 160 &
and Obesity 140 Py | STrhsieon
Dmtwtes JOTASL FTEI-ITH | D 10ZXEHON-1133 Control Transplantation ‘Euo l’\
a 100 ]

Day 3 i 80 A
One of the most common complications of diabetes s estimated 15-25% of patkents with dishetes are at risk for E 50 m
diabetic oot uicer. Disbetic uicers do not heal easlly due  developing a bower-extremity disbetic ulorr i thelr ifetime
ummmmmmm (2). Among patients with dishetic foot ulcers, 7-20% will 40
nonhealing ulcers may peently require an amg , and B5% of lower- Day 7
mmdumm‘ﬂhm nmmmdhbﬂtpﬂsmmmndby 0
attempted to develop a new call-based therapy for non- foot ulcers (3). An urgent need exists to develop new ther-
hesling dlabetic uloers using a hull-thickness skin delectin .., (o the treatment of diabecic wounds to prevent foat o U

a rat model of type 2 diabetes and obesity. Allogensic ukcers from leading to smputations.

Day@  Deyd  Day? Dwyid Dayid Dayll Owll
adpose-derived stem cells (ASCs) wore harvested from Artificial skin i one of the comemmcially swailable

s

l-‘:'.-;ﬂmn“:::mm: . s for fulld ohin dafacts after : Day 14 Post operation day
Vg ks -d-:'hw'! ml“"l‘- ment. Artificial skin typically compeises two Liyers: an outer
The results indicate that the transplertalion of ASC sheets  “Llicane sheet Layer and an inner collagen sponge Liyer that
Dined with artificial skin " g 3 hall mnliw-padrﬂmn\ddrrmgn«pmh({: Honrever,
ol with dries often are exp 4 with the use of arvificial
akin treatments for dishetic wounds in patents with neu- Day 21
2 woeks after treatment. The ASC sheets secreted large
——ounis “,_'-.-".'"‘:".ﬂ'w‘ e, ropathy, impaired blood flow, or relatively Large wounds. In
dw‘____' h,#:: lhfnunﬂn!ummdmﬂemﬂmuddmd.
o newy strac.  this prolonging the periad (51
tures in vivo. Thess results suggest thal ASC sheets ac- Recombinant basic fbroblast growth factor has been 4—A: Measurement and ot the with or
celerate wound healing both directly and indirectly in this  widely used in wound healing to promote angiogenesis Day 28 m'w. AP i analysis wound area !
duabietic wound-hoaling model. 1N Conciusen, allogeno and granulation Although recombinant basic fibroblast v the wounds .ﬂ“wﬂlﬂ-lﬂ.&? 10 .'1"
ASC sheets axhibit potential as a now therapoutic strat-  growth factor successiully acoelerates wound healing, it u-ta“w“mlsmzt n=8 '-' X
adi e, shar ¥ ¥ gery
ogy for the treatment of diabetic Ulcers. "I-I-rd”:-_?-ﬂ" ministration because of its . u s using ImageJ software. The average wound areas at 0,3, 7, 10, 14,18,
Cellbased therapy has aromrged as 2 new application A macroeconic PhotgnEh of & typicel Rl thickness skin detect and 21 days after the opemition were 1.56, 142, 1.23. 1,11, 087, 062,
The populstion of psthents with dishetes is growing for the trestment of uloers (1,9). In particular, aftor the of & 18 = 10-mm wouna (A the 3nd 038 cm® iIn the control group and 1—55\ 1.30, 1.16, 0.93, 0.65,
workdvwide and reached 400 million in 2013 (1. An  mal stem cells (MSCx) exhibit an exeellent potential for wound wiss Sovarsd with arificiel skin using 10 stitches (). Mac- (.40, and 025 om” In the The
{C. E, G. I, and K) and transplant (D, F. M. J. .,..,,,W..,,c wmmhmmm?m“m
ot ), T et F) meet 14 rtege (00 et b ﬂ-m—wmwmdmm“_ with the
woumnd 7 = 12) and at 21 days | and A and 28 days (K and L) sfter
. Creation of the wound @1 = 6). White amows indicete e ares of mmmmm“‘“m
Yuka et al. Diabetes (2015) 10:333 (Impact factor: 7.2) ar- s AESArARCS Wilh COMpIEte SEMSAREAROR plantation group. B: The times required 1o complete wound closure
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Date 20090824 Time 232042 i 23N

Date - 20000224 Time - 14381)
Date 20090

Region of Interests

Regon of rderests

No [ u Deftererce No R Lt Deterence Mo a1

1 2464 24.72 008 18 243 2474 043 . 2939
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Therapeutic potential of highly cytotoxic natural killer
cells for gastric cancer

Kousaku Mimura®, Takahiro Kamiya®, Kensuke Shiraishi'’, Ley-Fang Kua®, Asim Shabbir', Jimmy So', Wei-Peng Yong®,
Yoshiyukl Suzuki®, Yuya Yoshimoto®, Takashi Nakano®, Hideki Fujii’, Dario Campana’ and Koji Kono™*

Depastmest of S

To develop more effective therapies for patients with advanced gastric cancer, we examined the potential of ex vivo expanded
natural killer (NK) cells. We assessed the expression of ligands for NK Group 2 Member D (NKG2D, an important NK activation
molecule) in primary tumors from 102 patients with gastric cancer by immunchistochemistry and determined their prognostic
value. We then examined the in vitro and in vivo cytotoaicity of NK cells from healthy donors and patients with gastric cancer.

The cytotoxicity of resting and of interleukin (IL)-2-activated NK cells was compared to that of NK cells expanded for 7 days by
mumm-muusu-huumulun.mmmwummmm;mumm<m
with g features and suggesting that gastric cancer may be sensitive to NK cell cytotaxicity.

Although mline NK cells showed minimal cytotoxicity against gastric cancer cells, K562-mb15-4.188L-expanded NK cells
wese highly cytotoaic and significantly more powerful than IL-2-activated NK cells. Cytotonicity was correlated with NKG2D
ligand expression and could be modulated by mitogen-activated protein kinase and AKT-PI3 kinase inhibitors, The cytotoxicity
of expanded NK cells against HER2-positive gastric cancer cells could be increased by Herceptin and further augmented by
Lapatinib, Finally, ded NK cells exhibited strong antit activity in | deficient mice engrafted with a gastric can-
cer cell line. In conclusion, gastric cancer tumors express NKG2D ligands and are highly susceptible to killing by NK cells
stimulated by K562-mb15-4.188L. These results provide a strong rationale for clinical testing of these NK cells in patients
and suggest their use to augment the effects of antibody therapy.

Mimura et al. Int. J. Cancer: 135, 1390-1398 (2014)
VC 2014 UICC (Impact factor: 5.779)
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Natural Killer Cell (NK-92MIl)-Based
Therapy for Pulmonary Metastasis
of Anaplastic Thyroid Cancer in a
Nude Mouse Model

LQ.Z”U Xis Sy LI, . Pravkash | Ho Won Les’,
« Mliny O8N, SIMM Shin Young Jeong', Sang-Woo Lee’, Jm-l'.ﬂ
art Bywong-Clnsd Ahn'*

Objactive: Matural kiler (NK} cella mprenent the third largest popuéation of lymohocytes.
and they Doy an mmportant o N mmuno ucvellancs agair morn. Tha ungs am

Gsac UBIng The CytoTox D0° Non-Fladoactve
mtnstames of ATC wore developoed Dy Ly, Ingcton
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e tnrpetabity of NIC colio 10 ATC turmors, NK-00M colls aopiossng
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Zhu et al. Frontiers in Immunology (2017) 8:816
(Impact factor: 5.085)
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FIGURE § | NK cell-based immunotherapy for anaplastic thyroid cancer (ATC) pulmonary metastasis, CAL-62/F cels were mected ntravenously via the tail vean of
nude mice, and after 7 days, NK celis ware intravenously injected. After the in vivo experiment, the mice were sacrificed, and ax wvo expanmants wers parformed
(A) In wivo bioluminescence imaging (BLI) of an ATC tumor. (B) Quantfication of the BU signals. (C) Hematoxylin and eosin staining of the ATC puimonary
metastases. (D) Ex vivo BU of the ATC pulmonary metastases. Experiments ware periormed at least in tnplcate, and the values mpresent the mean + SE

p < 0.05, *p < 0.01, affiuc, enhanced frefly luclerase; CAL-G2/F, CAL-62/effiuc calls; NK, NIK-G2M calls
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Activity of IL-12/15/18 primed natural killer cells against
hepatocellular carcinoma f

Lihui Zhuang'  Rebecca J. Fulton' + Pauline Rettman' * A. Emre Sayan' - Jonathan Coad' +

Aymen AShanidan - ol | Koo' Tumor number Liver weight
?c&mh;:ﬂo:o;rammmmu 30 October 2018/ Published online: 22 November 2018 p<0.01 p<0.02
15; 81

Abstract ®
Background Hepatocellular carcinoma (HCC) is common, but remains difficult to treat. Natural killer (NK) cells are cells
of the innate immune system that have potent anti-cancer activity. Recent work has shown that stimulation with IL-12/15/ 1 6.
18 leads to the generation of NK cells with enhanced functional and putative “memory™ properties. We have investigated
the activity of these NK cells against HCC cell lines in vitro and in a mouse model.

Methods NK cells from healthy donors or individuals with HCC were activated with IL-12/15/18 in vitro and tested for
cytotoxic activity against a panel of human HCC cell limes. [L-12/15/18 primed murine NK cells were then infused into a
murine model of spontaneously arising HCC 10 test for anti-tumor activity.

Results NK cells from paticnts and healthy controls had similar expression levels of activating and inhibitory NK cell
receptors. However, proliferation of NK cells from HCC patients was weaker than healthy controls in response 1o IL-12/15/ S S = 2 i
18 and IL-2 (p < 0.001 at day 9). In vitro, NK cells from both groups of individuals killed HCC targets to similar levels e O} 7“ A 1 7} = | 7“
and this was unrelated 1o NKG2D expression. In a sp model of HCC, IL-12/15/18 activated NK cells trafficked to = T = "T

the liver and resulted in lower levels of spontancous HCC formation (p < 0.01). ——
Condusion Cytokine-primed NK cells from patients with HCC have similar levels of activity against HOC cell lines as 0

0
th:m.: from healthy controls. This type of activated NK cell has immunotherapeutic potential against hepatocellular Co;‘trd NK ée“s Co'-"trd NK Ee“s

carcnoma.
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o
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Keywords Innate immunity - Immunotherapy - Cytokines - Liver - Cancer

Lihui Zhuang et al, Hepatology International (2019) 13:75-83
(Impact factor: 5.4)
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Harnessing Natural Killer Immunity in Metastatic [ ® e
SCLC

Sarah A, Best, PhD,"" Jonas B. Hess, MSc,”

Y

Fernando Souza-Fonseca-Guimaraes, PhD,“ % JosePh Cursons, PhD,™ "% F Lun ml G Liver 7 I'
Ariena Kersbergen, BASc,” Xueyi Deng BSc (Hons),™" Jai Rautel.a PhD, " g
Stephanie R. Hyslop, BSc (Hons),"" Matthew E. Ritchie PhD," 2

Melissa J. Davis, PhD,”" Tracy L. Leong, MD, PhD, """ Louis Irving, MD, PhD, " 108 I =207 +——
Daniel Steinfort, MD, PhD,""™ Nicholas D. Huntington, PhD," "¢ ".o"- [=] o
Kate D. Sutherland, PhD™"* -3 c o 5
Acﬁfdfl:n{.e! Biology and Stem Cells Division, The Walter and Eliza Hall Institute of Medical Research, Parkville, Victoria, "6 8 J ‘E §
Austr
Dfoarrmt of Medical Biology, The University of Melb [ lie, Victoria, ' E 8 ° HI = |

versity of Qu of @ Brishane, Que L O

Transiationat Rosearch intitute, Brisbane, Queensind. Australia B 7 e
“Molecular Immunology Division, The Walter and Eliza Hall l\mlltuuﬂ'mﬂl:m‘ Research, Parkville, Victoria, Australia 1 0 E c ©
'Bloinformatics Division, The Walter and Ellza uou af Mvilfr Victoria, Australla = =
mor:molelstrynnd Molecular Bf ine v ;i y. Cloyton, Victoria, 9 = =
Austr A
"Epigenetics and Development Division, The Walter and Ellza Mall of R Parkville, Victoria, 2 - E @©
‘S‘(ni':::l:f ics and The ersity of Melbourne, Parkville, Australia [=% Q
!Department of Medicine, University of Melb L F . S S
neput(mmc of Resp y and Sieep o o Awsstin mluﬂbwg Victoria, Australia

The Wolter aﬂd Eliza Hall Institute of Medical Ressarch, Parkville, Victoria, Australia
"‘Demrlmm of leram Medicine. Royal Melbourne Hospital, Parkville, Victoria, Australia

3

‘,f @fukxﬂz

o EE

A
cEpY H= N
Mc] 14638

Best et al Journal of Thoracic Oncology Vol. 15 No. 9
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< J Stem Cells Regen Med. 2013 Apr 30;9(1):9-13 >
NK cell-based autologous immune enhancement therapy (AIET) for cancer

* 554 088X} ( metastasis of lung, bone, and skin of breast cancer )
* Transfusion of autologous activated NK cells (2x109 cells/injection) at 2-week intervals

Lung meta. 2
|3

Bone &
Skin meta. a

Before treatment After 4 months
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=E&X : APhase lll randomized study of interleukin - 2 lymphokine - activated killer cell immunotherapy combined with
chemotherapy or radiotherapy after curative or noncurative resection of primary lung carcinoma
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Cryopreserved Human Natural Killer Cells Exhibit Potent Antitumor Efficacy
against Orthotopic Pancreatic Cancer through Efficient Tumor-Homing and
Cytolytic Ability

Eonju Oh, Bokyung Min, ChunYing Lian, JinWoo Hong, Bitna Yang

For translating NK cell immunotherapy to the clinic, it is essential that NK cells can be cryopreserved and thawed without functional
impairment and exhibit similar activity as freshly isolated NK cells [41]. Currently, the viability and activity of NK cells are severely
reduced immediately after thawing [42,43]. To address this need, we have expanded and cryopreserved NK cells to assess various
effects of cryopreservation on NK cell activities. Allogeneic NK cells derived from CD3-depleted PBMCs of seven healthy donors were
expanded by stimulating irradiated PBMCs in the presence of purified anti-human CD3 antibody (clone: OKT3) and interleukin (IL)-2.
During a 3-week culture period, fresh NK cells were efficiently expanded, showing 4290.2 + 3812.8-fold increases in NK cell count
during this period (Figure 1A).
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