METHOD FOR AMPLIFYING NK CELLS Field of the Invention [0 0 0 1] The present invention relates
to a method for amplifying natural killer (NK) cells which are highly amplified and purified and have a
high cytolytic activity. The present invention also relates to a pharmaceutical composition comprising
the NK cells obtained by the method. Description of the Related Art [0 0 0 21 NK cells do not attack
normal cells which express MHC class | molecules, but mainly attack cells with reduced or lacking
expression of MHC class | m AR, ANVHPAJACH DYa 1 (Rl b
and infectious diseases has the technical merit of circumventing the adverse effect of
Graft-versus-Host (GVH) disease. In fact, according to reports by Millers et al. (Non-patent Document
1: Blood, 105:3051(2005)) and by Rubnilieldatf (henbpueatiddocument 2: J. Clin. Oncol.,
28:955(201), when canger patients a3 regipients were implante with canceniiated i gells from
fresh peripheral blood mononuclear CENS Of dohors Who Wete Close relatives ot the %emplen?s, the
implanted K selNraNsignlyguekveddniheniocipieplsiaidd Hndinginegth dy tohdi hackvidy Wishout
manifesting adverse effects to the recipients. However, there have not been any reports of clinical

trials demGW&RAIHY BFEIEHEacy BradBpRvR MATIRGINEr Y LIRR GaIdOohePbr B FeasbIals
because itdsPBeRSHN LK HhetReRVRIAM LMK GRS 1Arde e naush o kill target cells, such as

malignant cells or pathogen-infected cells, in the recipients until the target cells are killed, due to the
limit of the number of cells capable of being collected from a donor by lymphocyte apheresis. [0 0 0 31

A round of apheresis of healthy adubggﬂi?ﬁra! ?Pﬁ(ﬁ q@&g@l&l gpf)ut 1 x 1010 mononuclear cells.
Given the composition of NK cells in"peripheral biood mononuciear cells as about 7 %, 7 x 108 NK
cells are ekpedt€dZNon)Eter Bodemeht:3tGikonbrmad GdtspahaiDexporsaMH @] Medl,
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molecules, but mainly attack cells with reduced or lacking expression of MHC
class I molecules. Adoptive immunotherapy with allotype NK cells for
malignancies and infectious diseases has the technical merit of circumventing
the adverse effect of Graft-versus-Host (GVH) disease. In fact, according to
reports by Millers et al. (Non-patent Document 1: Blood, 105:3051(2005)) and
by Rubnitz et al. (Non-patent Document 2: J. Clin. Oncol., 28:955(2010)),
when cancer patients as recipients were implanted with concentrated NK cells
from fresh peripheral blood mononuclear cells of donors who were close
relatives of the recipients, the implanted NK cells transiently survived in the
recipients and maintained cytolytic activity without manifesting adverse
effects to the recipients. However, there have not been any reports of clinical
trials demonstrating the efficacy of adoptive immunotherapy of NK cells. One
of the reasons is because it is impossible to keep the population of NK cells
large enough to Kkill target cells, such as malignant cells or pathogen-infected
cells, in the recipients until the target cells are killed, due to the limit of the
number of cells capable of being collected from a donor by lymphocyte
apheresis.

[000 3] A round of apheresis of healthy adult peripheral blood can yield
about 1 x 1019 mononuclear cells. Given the composition of NK cells in
peripheral blood mononuclear cells as about 7 %, 7 x 108 NK cells are expected

(Non-patent Document 3: Cho, D. and Campana, D., Korean J. Lab. Med.,



29:89(2009)). On the other hand, for a NK cell transplantation, it is necessary to use NK cells in the
order of 1 x 105 cells/kg to 2 x 107 cells/kg (Non-patent Document 1) or 5 x 105 cells/kg to 8.1 x 107
cells/kg (Non-patent Document 2). Assuming that a patient's body weight is 60 kg, 6 x 106 cells to 4.8
x 109 cells of NK cells are required. These cells amount to 0.0086 to 6.86 times as many as the
number of NK cells obtained from one round of apheresis of healthy adult peripheral blood. The

duration oPRIBLAPEINivAIHEeevdrersharebifor fo B tramppriantfitinettLs depesantldoes not
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This means that, in order to keep a sufficient number of NK cells to kill target cells such as malignant

cells and Jatisugeerinfoctadber!k0carab étadytinGhie xeldibientl by DNt thetenty deviimend Edmpletely
killed, it is Recessar repeat NK cell transplantatjon f ently ich is a he burden 1o the
A L B AR R R 1R

patient. [0 nder developm cells collected from a donor s first
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H. et al. (Patent Document 1. anese Published Patent Application No..2007-297292) cultivated
ettty pe B BHRR o T L RPLS TS (HF B o B SRerS 4 Beal B antibody
against huaeatGiesi ghedanel asdi-Chh d Glantibiesye ANKaraplife sviNiG CeliswaR:folid withral parity of 81.2
%. The cytotoxic potential of the NK cells against K562 cells (E:T = 3:1) was 66 %. Tanaka, J. et al.

(Patent DdCuMBhelay I apihesdnediam ool dash RBAAPEE. 10508 oo pbAdRG fmbahese

Published fajept AnRIGaliaRNR:R01 %65 By Ly ales heallhy nssiRhetalDiporbmerepslear cells
for 21 days in a medium supplemented with IL-2, IL-15, anti-CD3 antlbocIjg/ 5 % human AB serum,
f

tacrolimus B desepartihabnmarimrisa knepels eizaentwimbanofilybicrdla o ki daxgstoxic
tivity of | ' T4 % -patent
aclivity o %?1&%&8{%%9%%?%%‘%9‘32 i%s(l c}eg(a)&%@%gé’&%ﬁ eelﬁaﬁﬁgﬁaqlét&&ainﬁ'\ﬂﬂg paten

Document 4: Hum. Immunol., 200 rted that they cultivated thy peripheral blood
mononucleearigels fob@lydapsiintihe pregehcelds QKT 8pthplatelyistdlwihodylagatastsumaio CD3,

and IL-2, to ampli K cells 193 fold with a purity of 55 %. The cytotoxic activjty of the, NK cells
against KeET el e A A e N R B A e e
111:3155(2a0@p reported that they cultivated peripheral blood mononuclear cells from a myeloma
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mononuclear cells were cultivated for 21 days under a condition that leukemia cells which were

geneticallykmbdifie d agstpredksfaomisl efstlyatirbexknzens whre efsed dPrseansr Botsmseaimplify NK

cells 277 fqld with [y & i cytatoxjc achivi h I ingt K562
cells (E:T g %:)%ﬁ\?vsa%s%?l{ft%g a/c?)é)%%lg ???ﬁﬁ%%oﬁ% a%t[};?/ia{féﬁsg 'Zté(%éi %ﬁ%ﬁég [%%Kggté% amplified
according teifiphsainh)] dddetain(Patelenb aelivdot 1) 3 Tdmakan Jtlet qirBateatddolthdntad), Carlens,

S. et al. (Non-patent D t 4) and Alici, E. et al. (Non-patent D 5 6 %, about 55 %,
25 %, and BORHT L0YR P L B el o AL ALy G4 ALY olfaple,

the cytotoxienpdifietiaNd ha1b K 3elislwerettoa puwrioyhavgladhigh thepaistic alfipacyntiad sequire
more NK cells to be administered, The c to'g)xic activiSy of NK cells amplified accordiggé;[o Fujisaki, H.

et al. (NontB&tDHE Belamertstbaredlanbul good) St etirpshol fshabled dtause they
used geneficribhipadified malionanbeeds @a faacdercalsnwhighy haves nigk Qficesiminatngthe final

product. Disclosure of the Invention [0 O O 81 It is therefore necessary to develop a technique which

can ampliﬁ%%%‘é‘f% Wigh Hirdie 8y idasietadmyicatrRigh purBLRST Ihoinelivatebibsashperipheral
blood W'thBBH&{@Q;{}”MB%%P%&%ﬁuCIear cells for 21 days in a medium supplemented

with IL-2, IL-15, anti-CD3 antibody, 5 % human AB serum, tacrolimus and
dalteparin, and amplified NK cells 6268 fold with a purity of 73.4 %. The
cytotoxic activity of the NK cells against K562 cells (E:T = 1:1) was about 55 %.
Carlens, S. et al. (Non-patent Document 4: Hum. Immunol., 62:1092(2001))
reported that they cultivated healthy peripheral blood mononuclear cells for
21 days in the presence of OKT3, the agonist antibody against human CD3,



[0 0 0 9 1 The present invention provides a method for amplifying NK cells. The method of the present
invention comprises the steps of: preparing a cell population which is comprised of NK cells, removing
T cells from the cell population which is comprised of NK cells, and, after removal of T cells,
cultivating the remaining cells in a medium supplemented with 2500 to 2831 IU/mL of IL-2. [0 0 1 01 In
the method for amgllfylng NK cells of the present invention, the step of removing T cells may be

implementadhya 3telp ciraphévingieoBlpddtvielcereitip 8 PuTitnehthdd forkampiigiegIRK cells of
the present ip\aRIQR (RAMRBPIIS 2-SIGR KABMOMNI(ReMmateppilicPiaanNItaf;cellf figm the cell

population.

(Non-patent Document 5: Blood, 111:3155(2008)) reported that they cultivated
peripheral blood mononuclear cells from a myeloma patient for 20 days under
similar conditions, to amplify NK cell 1625 fold with a purity of 65 %. The
cytotoxic activity of the NK cells against K562 cells (E:T = 1:1) was about 10 %.
Fujisaki, H. et al. (Non-patent Document 6: Cancer Res., 69:4010(2009))
reported that healthy peripheral blood mononuclear cells were cultivated for
21 days under a condition that leukemia cells which were genetically modified
to express factors activating NK cells were used as feeder cells, to amplify NK
cells 277 fold with a purity of 96.8 %. The maximum cytotoxic activity of the
NK cells against K562 cells (E:T = 1:1) was about 90 %.

[0005] The cytotoxic activities (E:T = 1:1) of the NK cells amplified
according to Terunuma, H. et al. (Patent Document 1), Tanaka, J. et al.
(Patent Document 2), Carlens, S. et al. (Non-patent Document 4) and Alici, E.
et al. (Non-patent Document 5) were 66 %, about 55 %, 45 %, and about 10 %,
respectively. These conventional techniques, therefore, are not desirable, as
the cytotoxic potential of the NK cells were too low to have a high therapeutic
efficacy, and require more NK cells to be administered. The cytotoxic activity
of NK cells amplified according to Fujisaki, H. et al. (Non-patent Document 6)
was up to about 90 %. Still their method is not desirable, because they used
genetically modified malignant cells as feeder cells, which have a risk of

contaminating the final product.

Disclosure of the Invention
[0008] It is therefore necessary to develop a technique which can
amplify NK cells with high cytotoxic activity and high purity from umbilical
cord blood or peripheral blood without using any feeder cells.
[000 9] The present invention provides a method for amplifying NK cells.
The method of the present invention comprises the steps of: preparing a cell

population which is comprised of NK cells, removing T cells from the cell



[00 121 In the method for amplifying NK cells of the present invention, the step of removing
hematopoietic progenitor cells from the cell population may be implemented by a step of removing
CD34-positive cells. [ 0 0 1 31 In the method for amplifying NK cells of the present invention, the
medium may comprise self serum of the donor, AB-type serum, and/or serum albumin. [0 0 1 41 In
the method for amplifying NK cells of the present invention, the step of preparing cell population which

is compristaHRKR @Iy el Be isopramisatt ®byNFEstepllst sepdratifigimbrivsualest célls$Him blood
cells collecig;iram, - HRIG 0,8 deolelisthe PaRA R SRIVIRGNE CREEOb B RIS S invention,

the blood cells may be collected from peripheral blood, umbilical cord blood, bone marrow and/or a
lymph nodBU[1@10 ¢fd1.18.the method for amplifying NK cells of the present invention, the blood cells

may be collctpd fiom PEIREIaLbisod Yaina splisasa LROTLIR fhe methad o ampliying N

1
cells of the presen ention, cell'popula m repared from at'least one kind of Cell

selected freie at@ioup £aNStinG DfcliRenaiapaietingiesmesits devackigimansiennge (Sxlected
from a group consisting embryonic stem cells, adult stem cells and induced pluripotent stem cells (iPS
cells); henPA%%’ﬁb‘f@tR? m cells derived from umbilical cord blood; hematopoietic stem cells derived

from periphera) Blopf; hematarReissie AFmLEIFHRIVRKIMPONE BT RIAdention may
comprise a step of removing hematopoietic progenitor cells from the cell
population.
[001 2] In the method for amplifying NK cells of the present invention,
the step of removing hematopoietic progenitor cells from the cell population
may be implemented by a step of removing CD34-positive cells.
[00 1 3] In the method for amplifying NK cells of the present invention,
the medium may comprise self serum of the donor, AB-type serum, and/or
serum albumin.
[0014] In the method for amplifying NK cells of the present invention,
the step of preparing cell population which is comprised of NK cells may be
implemented by a step of separating mononuclear cells from blood cells
collected from a subject.
[0015] In the method for amplifying NK cells of the present invention,
the blood cells may be collected from peripheral blood, umbilical cord blood,
bone marrow and/or a lymph node.
[0016] In the method for amplifying NK cells of the present invention,
the blood cells may be collected from peripheral blood using apheresis.
[001 7] In the method for amplifying NK cells of the present invention,
the cell population may be prepared from at least one kind of cell selected
from a group consisting of: hematopoietic stem cells derived from any stem
cells selected from a group consisting embryonic stem cells, adult stem cells
and induced pluripotent stem cells (iPS cells); hematopoietic stem cells
derived from umbilical cord blood; hematopoietic stem cells derived from

peripheral blood; hematopoietic stem cells derived from bone marrow blood;

4



umbilical cord blood mononuclear cells; and peripheral blood mononuclear cells. The donor of the cell
population may be the recipient, that is, the patient himself or herself, a blood relative of the patient, or
a person who is not a blood relative of the patient. The NK cells may be derived from a donor whose

major histocompatibility antigen complex (MHC) and killer immunoglobulin-like receptors (KIR) do not

match with those of the recipient. [ 0 0 1 8 ] The present invention provides a pharmaceutical
compositidwéaﬂa@%}pmdnhm%tﬁ&aw%kﬂ%r&eﬂg’Nwéewsewnﬂeﬁra}ekﬂ@wgr@&wrmélaﬁxplifying
method of b presant igyaRtionr The PR acawicRICamRPsiopHY the presentinyentonmay
comprise NK cell progenitors, T cells, NKT cells, hematopdietic progenitor cells or the like, in addition
to the amphifitg¢NKhesiself @0 hagsetheaphlodavelativat cdrhbesitidreot it prasamsoimvehtiors may be
used for treating,an infectigus disease anchor asan [ 00 2 01 The pharmaceutical gomposition of
the proser oo e T IR e o ls Ty B B S8R e i
cells preparémdsy the sjmpliffitdgcvetheatipdi®y? lahTilkepresentphventiddividead meitod for
adoptive immunoth comprising the stej . preparing a cell. lation which is.comprised of NK
celts, romOUHB P OB TR pBb B A HBBUAar R e R e g cells
in a mediupp supplgentEgvyite 2500 6,288 AU Rl idleld- =2 phadiiapselacting g MNiieelIsowhich are
amplified from the remaining cells to a patient. The method may comprise a step of removing
hematopo@etsge iR eBISHFEATIHe BN popnatiONKI reehls sebiek tarsprannatetebMKtBells to the
patient, th if] e th i [ cells, NKT
cells, hem%%?ggilc l?c%egﬁi%gr ce s%op%ggﬁﬁﬁ%ﬁ%%oﬁ%rﬁ%ﬁ\% %ﬁn%%l%t%@%%&%%%e present
invention mayheereeysoyed Yentieatimg aronoppseydiingldminatidossdidecdésadtikdl cabser. The
method for adoptive immunotherapy of the present inyention comprise a step of.tran nting the
K colls pASRAIEY THE AR it S ot S ok Dokt MCST R genotype
is differentcstig) the genotype of the NK cells. In the method for adoptive immunotherapy of the present
invention, the step of transplanting the NK cells to the, patient may be implemented by a step of
administertr% thé shiarm E@&ﬂ%ﬁ?ﬁ@rﬁ%%@ﬁﬁin%ﬁﬁ@sdfb@éﬁg i%@rﬂ?&ﬁ%&ﬁ@‘ﬁéﬁéﬂﬁ RoR] %% ] In the
method for adgrtiye ipynyroiherapabine presentipvestian.dhecgell population which is comprised of

NK cells may be prepared from at least one kind of cell selected from a group consisting of:
hematopoiticisterf telld Herivearfromeanticsiernmoelis satectdd homrasgroupisensisinembs/onic stem

cells, adult stem cells and induced plurigotent stem cells (iPS .cells), hematopoietic stem cells derived
from urnbifEAPABI BISe hErRSEBlet Sl Mae Ui o DA A FB G S RedHBitic ston
cells derivegdpaneaane thaxayy Higoag urrhiieal cord blood mononuclear cells; and peripheral blood
mononuclear cells. The donor of the cell population which is comprised of NK cells may be the

recipient, that®s 2tHe! patleht hifee Bt hdrREn Y BlooBteTAdeE ofthepathad, of X pe?d8RtNHD is not a

blood relatj f ient. .cell i I 0 jor Ristacampatibility
antigen com I ) e o e Ry g B e of the

recipient. comprised of NK cells, removing T cells from the cell population, after removal

of T cells, cultivating the remaining cells in a medium supplemented with
2500 to 2831 IU/mL of IL-2, and transplanting the NK cells which are
amplified from the remaining cells to a patient. The method may comprise a
step of removing hematopoietic progenitor cells from the cell population. In
the step of transplanting the NK cells to the patient, the amplified NK cells
may be transplanted together with NK cell progenitors, T cells, NKT cells,
hematopoietic progenitor cells or the like. The method for adoptive
immunotherapy of the present invention may be employed for treating and/or
preventing an infectious disease and/or cancer. The method for adoptive
immunotherapy of the present invention may comprise a step of transplanting

the NK cells prepared by the amplifying method of the present invention to a



[0 0 2 3] In this specification, "NK cells" are mononuclear cells which are CD3-negative and
CD56-positive, and which have a cytotoxic activity against cells with reduced or lacking expression of
MHC class | molecules. [0 0 2 4 ] In the amplifying method of the present invention, the cell population
which is comprised of NK cells may be prepared using various procedures known to those skilled in
the art. For example, to collect mononuclear cells from blood such as umbilical cord blood and

peripheral BA¢ER tvesge A HenBRYYSpEr dabianerhiigoe thag seasisafdh et splmalibe
collected wita IREMBATTAORGN, Bisadm EHIRIPIS, A S ellsaanhedaelaied Aodidpnified using

a FACS (fluorescent activated cell sorter) or a flow cytometer, following immunofluorescent staining
with specificanrtidediesaghinsidelcellfdoe tharketseThend K bellsmpdgbenpiebdredibstesepérating

and removi cellstexpreﬁ{g ell surfa%%.ggfigens CD anc?%ElCD:M wi{h imml{nomga(%y tic beads

comprisingaf Ut RotTimit y%lgggg S (trade me rﬂ?ln%gﬂu actured %SyeByrll%VgH S0l Gfwvitrogen

(now Life pedhexaiogies Corporation), and CliniMACS (trade mark) of Miltenyi Biotec GmbH. T cells

anchor hematqpoietic progenitor cells may be selectively injured or killed using specific binding
partners fi&%gggnc hetfafBlsoRe geh t&@ﬁs.“#?f@%?éﬁ rePow? gtt%% PLEfEHom the

mononuclegy gt MashBeABIH Al ASIBR NG aelis %ﬁ&@ﬁ%@&lbm’c%qj@rﬁé?hﬁwﬁ%ﬁ;@

progenitor cells, B cells anchor NKT cells, together with the T cells. The step of removing the

hematopoi@ﬁ@wédéﬁﬁbp@mlsiﬂdmfw@nss}ﬂsﬁaé@mmeﬂugmap serssatépg)pféh@m@)@é}@tm other cell
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2 5] In the amplifying method of the present invention, the mononuclear ce parated from the
umbilical combirjood @st:pergheralditiostemaycelscayopieservet] pind stotedttstbentitallediiiSime for

transplantation\to the patient. Alternatively, the mononuclear cells ma frozen duying pr after
e R e e e e for

transplantétiondeotbd qratienerAmelhethod b oo thesebkillddbiotk arémayopeietitployead in order
to freezez&ith w the blood cells. Any comrglf?rci lly ay ilabecryQﬁ]{S%f(irvation ﬂwu‘id for cells may be
used to freé€ZBHELENS. 8D DF I el SudptRE FRRURAAL S8R HidSeresehtinvention,
a solution fa{dyspepHinGliveIddd aalbhdauekarriellsalineh ph@spbatefbHiferedi saltsuBBen, medium,

serum and the like is generally used. The solution may comprise a carrier which is pharmaceutically
acceptablé"ad & pHarAabited! pfobUét erlbudararks the rrandembr Hadbiive hfmnibteBtapy using

NK cells of thepiesaniinention ‘El%@l%@ﬁl@li@éj_ fr {22009 ACNGF RISYSTUIRO wariows fizegse

conditions which are affected by NK cells. The disease conditions include, but are not limited to, for

example, drsloshrdetigalisidbdaadsiver Bile Nitrcedsona yube derizer fiem a donor whose

major histocompatibility antigen complex (MHC) and killer immunoglobulin-
like receptors (KIR) do not match with those of the recipient.

[0 02 3] In this specification, “NK cells” are mononuclear cells which are
CD3-negative and CD56-positive, and which have a cytotoxic activity against
cells with reduced or lacking expression of MHC class I molecules.

[0024] In the amplifying method of the present invention, the cell
population which is comprised of NK cells may be prepared using various
procedures known to those skilled in the art. For example, to collect
mononuclear cells from blood such as umbilical cord blood and peripheral
blood, the buoyant density separation technique may be employed. NK cells
may be collected with immunomagnetic beads. Furthermore, the NK cells
may be isolated and identified using a FACS (fluorescent activated cell sorter)
or a flow cytometer, following immunofluorescent staining with specific

antibodies against cell surface markers. The NK cells may be prepared by



cancer, colorectal cancer, kidney cancer, bladder cancer, leukemia, and infectious diseases caused by
viruses, microbes, or the like. The method for adoptive immunotherapy of the present invention may
be carried out alone or in combination with surgery, chemotherapy, radiation therapy or the like. In the
method for adoptive immunotherapy of the present invention, the NK cells may be transplanted by
being administered, for example, intravenously, intraarterially, subcutaneously, intraperitoneally, etc. [0
0 2 71 A céfiRaliatia ghadidni TBridsatal thexRresameorehe Pretas muBISESS ardipprised of,

but not 'im'@%@’mi&ﬂ%%@&iﬁb?ﬂfé&@bb%)s SRlGR Gdﬂéﬁsld(ﬁmg%@%bhbgmmicals

Company), X-VIV015 (Lonza, Ltd, Takara Bio, Inc.), IMDM, MEM, DMEM, RPMI-1640 or the like. [ 0 0
2 81 The dbovéemetidnecnmedfiactwrag beysupplementet! withlinkordukitgen2)aow cbafentration

which canachieve the ose of the\presentinveptiop.ol he 1L-2 congentratign, may be,2500 to 2813
Ui T T R O R e A R B oy
produced Byniedbmbihact DN ArtdGhndlegyafop iRl prdgerptesentHpeaification, shkectiregntration of

IL-2 may he indicated with Japanese reference units (;JRU) and internagional units (IU). As one IU is
ecivalont ) St STosBIAG, LB CoresBhee BABBET 26 SH i Ctitb 6 e

above-meniiongeh pireiienghayebetsupRiame e with salf serivoveh thelseibjeckliv MamABype serum
which is available from Bio Whittaker (trademark, Lonza, Ltd, Takara Bio, Ing.) or the like, or human

serum albdRARBEHIeALETHBMAYRr o8t BV EBIROYSRS Rl Saphatier el Erpss SoRtps
Preferably, e S@/h SRIME it MTANABSY Bece#IY RlE/BY PRIRMERIRd ahatareeRtiaieRofrl to 10 %.

Preferably, the human serum albumin derived from donated blood is supplemented at a concentration

of 110 10 96llphe &Me@ﬁﬂmfﬁéhéwmygommgbwfmm@ mﬂﬁgtﬂamqﬂé a’@@%-ﬁl&mioned
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cells, B cells and/or NKT cells, together with the hematopoietic progenitor
cells.

[0025] In the amplifying method of the present invention, the
mononuclear cells separated from the umbilical cord blood and peripheral
blood may be cryopreserved and stored to be thawed in time for
transplantation to the patient. Alternatively, the mononuclear cells may be
frozen during or after amplification by the method for amplifying the NK cells
of the present invention, and thawed in time for transplantation to the
patient. Any method known to those skilled in the art may be employed in
order to freeze and thaw the blood cells. Any commercially available
cryopreservation fluid for cells may be used to freeze the cells.

[0026] In the method for adoptive immunotherapy of the present
invention, a solution for suspending live NK cells, for example, saline,
phosphate buffered saline (PBS), medium, serum and the like is generally
used. The solution may comprise a carrier which is pharmaceutically
acceptable as a pharmaceutical product or quasi-drug. The method for
adoptive immunotherapy using NK cells of the present invention may be
applied for treating and/or preventing various disease conditions which are
affected by NK cells. The disease conditions include, but are not limited to, for

example, oral cancer, gallbladder cancer, bile duct cancer, lung cancer, liver



not undermine the effect on NK cell amplification. The cytokine may be interleukin 3 (IL-3), interleukin
7 (IL-7), interleukin 12 (IL-12), interleukin 15 (IL-15), interleukin 21 (IL-20, stem cell factor (SCE)
anchor FMS-like tyrosine kinase 3 ligand (F1t3L). The above-mentioned IL-3, IL-7, IL-12, IL-15, IL-21,
SCF and F1t3L preferably have human amino acid sequence, and for safety reasons, are preferably
produced by recombinant DNA technology. Under the condition that required number of NK cells shall
be obtainethnEerexepkirgetatl tisapesve Mdnayneanreriukladdyhecansidd davkayime amer starting

cultivation; DRI pEIRraRlyQUE YA 1R & ARYSihl a3 midn 1 amriiinguethor g e prepsnt

invention, a culture vessel is comprised o6f, but not limited to, a commercially available dish, flask,
plate, and aderiivesinplaten dthera iy tdstrivtion s toveultive coaditersiumebotieadonditon that
does not upndgrg]iogfa the (raf‘f\%% on I\%K cell ggeorlrif‘(i)%ﬁtégg. Ho%%gefiocggglgpans ofrc tgriﬂgeat I3n7 C,inan
atmosphere or5'% ]fsaturgle(l:ll With water vapor argygeneréal y emp oye%Y RS the purpose of the
present invhetiortihdd fise palepa isrdenmumloeh of Ay of thdgngsetiithationdimeho NE mdtbium will
generate more obtained NK g#} , and thus is favorable. The duration of culture is not especially
rostictodt, BeP i B EORRIRB AN oS R LS SIS e A R BY GBS G558 I the
amplifying apgshiedlgf thdpiesaebinientindhertelhpanylasien comprising the NK cells may be
composed of NK C%L progenitors, T cells, NKT cells, hematopoietic pria%\itor cells and the others.
t

After amplifiedtich, the Nk dlicularairaadisg detsersianing, e N&mindstrt B paseerhsity
separation;feehiine, pomAGNsteeAds. FAGS: laayiemapsdedisa, Bonsiample. the NK

cells may be separated from the population selectively with an anti-CD3 anti , anti-CD16
antibody, drt¢3418hibSa\GBh{CeD66mntitady FhiweDEB aniizdd); amipORIAEVibBoay5

anti-CD107a antib ti-KIR3DL L.antib s i 1i-KIR2DL3 anfibody,
e (o1 B e ST A LA AN SR S R et ey
anti-NKp30@mitogyl, arfiiNK GBbvantieediosdhentikéivhe aboye-hentappibandittedy wiahbe a

monoclonal antibody, a psz)ﬁl;célﬁnal antibody or others. Selection of NK cells may be carried out by
selectivelyFégideiHg Relid Buch 44 7 Comeaukenbens Wastaepaiathisisyéhrop aneseofEhike. [0 0 3

41 Itis preferalie thal (g Rethed O NS RIGREMIAYERHOM A0 e e ducHsn P thaanarmaceutical

composition of the present invention are performed under the condition which conforms to the

regulationd¥o? proefecablycbagal andpalityneoatesiicf ssharensece @itdlfproshistey areh soasi-drugs
(good manufagturing practice PL[0O35]T tQxic actjvity or cytotoxic potential of the
gf: r«ﬂ%% 91%)& cé?ﬁrggze%éom%u}%l ﬁﬁ@/ Ic%c%n&]r?)

amplified Nk cells may be eva y methods commonly n to those skilled in the art. The
cytotoxic aafivity2isigeneiallyhey giveded thy stetdioaiting, rabioaotivityn traftimiesf ciit-iRtensitybe
guantitatively, following incubation of the NK cells (effegtor ells) and target cells labeled with a

radioactivéRtisatss e iovaRa sty Ll ARE iR e 4&?{;@ 2afl ﬁ%@ﬁﬁ%?ﬁﬂflﬁét%&%é%t? K562
cells, acute myeloidieykesyiai calsn £ RIB SNy elPBb e Uk M2 cells . Jie amplifigddylossils fppay be

characterized by RT-PCR, solid phase hybridization, ELISA, western blotting, immunoprecipitation,
turbidimet @ AbRHbAEIARIFACS, flow cytometry and other techniques.

[0030] The above-mentioned medium may be supplemented with self
serum of the subject, human AB-type serum which is available from Bio
Whittaker (trademark, Lonza, Ltd, Takara Bio, Inc.) or the like, or human
serum albumin derived from donated blood available from the Japanese Red
Cross Society. Preferably, the self serum and human AB-type serum is
supplemented at a concentration of 1 to 10 %. Preferably, the human serum
albumin derived from donated blood is supplemented at a concentration of 1 to
10 %. The subject may be healthy volunteers or patients suffering from the
above-mentioned diseases.

[003 1] The medium may be comprised of an appropriate protein,

cytokine, antibody, compound or other ingredient, under conditions that do



[ 0036 1 Inthe present invention, whole blood collection of umbilical cord blood and peripheral blood,
preparation of self serum, preparation of mononuclear cells from the whole blood, cell counts before
and after cultivating the mononuclear cells, determination of component fractions of NK cells, T cells,
hematopoietic progenitor cells and cells of other cell types contained in the mononuclear cells before
and after cultivation, calculation of multlpllchﬁéf amplification, static analysis on measurement error

and s.gmf.@aﬁcerrﬁlayrb&%ﬁh@d hiedy emyNctsel comphsigtiaBwn Bhanssekiarediayhbert. [ 00 3

71 All of the AsUmEn's et g;vfm%ﬁee'zﬁﬁt'?fgﬁfﬁz)nmfeﬂ@&mxmﬁﬂ%e indhairpatirgty. BRIEF
DESCRIPTION OF THE INGS 1A is a flow cytometry chart of mononuclear

cells doub(ﬁbtéﬁemmakﬁ&gaﬂﬁsﬁm @ibf@@% (setdtbantovii) S Bkpdsitiveinells.
E:IgalsBa]I‘fe;%:(Iaor;Voa‘%q%%@ TPRLES oo Hsigar cRl douRpraingr Wity agibggies;agaigst CD3 and
positive ce

SCF and F1t3L preferably have human amino acid sequence, and for safety
reasons, are preferably produced by recombinant DNA technology. Under the
condition that required number of NK cells shall be obtained, the exchange of
the above-mentioned medium may be carried out any time after starting
cultivation, but preferably, every 3 to 5 days.

[00 3 2] In the amplifying method of the present invention, a culture
vessel 1s comprised of, but not limited to, a commercially available dish, flask,
plate, and a multiwell plate. There is no restriction as to culture conditions,
under the condition that does not undermine the effect on NK cell
amplification. However, conditions of culturing at 37 °C, in an atmosphere of 5
% COg saturated with water vapor are generally employed. As the purpose of
the present invention is to prepare a large number of NK cells, longer
cultivation time in the medium will generate more obtained NK cells, and
thus is favorable. The duration of culture is not especially restricted, under
the condition that amplifies NK cells to a required number of cells.

[00 3 3] In the amplifying method of the present invention, the cell
population comprising the NK cells may be composed of NK cell progenitors, T
cells, NKT cells, hematopoietic progenitor cells and the others. After
amplification, the NK cells as desired may be selected by, for example, the
buoyant density separation technique, immunomagnetic beads, FACS, flow
cytometry, or the like. For example, the NK cells may be separated from the
cell population selectively with an anti-CD3 antibody, anti-CD16 antibody,
anti-CD34 antibody, anti-CD56 antibody, anti-CD69 antibody, anti-CD94
antibody, anti-CD107a antibody, anti-KIR3DL1 antibody, anti-KIR3DLZ2
antibody, anti-KIR2DL3 antibody, anti-KIR2DL1 antibody, anti-KIR2DS1
antibody, anti-KIR2DL5 antibody, anti-NKp46 antibody, anti-NKp30
antibody, anti-NKG2D antibody, or the like. The above-mentioned antibody



Fig. 2A is a graph illustrating individual growth curves of CD3-negative cells separated from
mononuclear cells derived from peripheral blood of five healthy volunteers, as counted by the number
of cells. Fig. 2B is a graph illustrating an average growth curve of CD3-negative cells separated
from mononuclear cells derived from peripheral blood of five healthy volunteers, as counted by the
number of cells. Fig. 3A is a graph illustrating individual growth curves of CD3-negative cells

separated #éM oRomesiaglonaliseaeinedyirsnpbifpsdl DRdtererfioe pidittsy vORIAEES, efs
calculated \agmhAtRIgINY 9 RERHECAUANR by sE19caP:R 3R UM SLRLING AN Averade Iy curve of

CD3-negative cells separated from mononuclear cells derived from peripheral blood of five healthy
volunteerssel$schieniaten inataliipligipiddangliicatitne likerig. 4A is a graph illustrating individual

growth curves0of,NK; cells (CD3-negative/CD56-pasitive) separated from mononuclear cells derived
om periphardl Hlonk of S REGy Vhl e e e TRt S B e g

4B is a graph dlustiaiingf athavgage et GUNe@ ek ehs (€ Bisenpgativel GRbErasitivakseparated
from mononuclear cells derived from peripheral blood of five health}/éﬂvolunteers, as calculated in

multiplicityRStipkpittatbiler . sAnduigrhpi S A Empota cHihgEestidinBsafebmponent
fractions of Ni§ c@lle { (B3P0 ative R BsPasitiys) seRMatedfremfive Bealhytwaliefiasds

determined by flow cytometry relative to total cultured cells.
drugs (good manufacturing practice, GMP).

[0 03 5] The cytotoxic activity or cytotoxic potential of the amplified NK
cells may be evaluated by methods commonly known to those skilled in the
art. The cytotoxic activity is generally evaluated by determining radioactivity
or fluorescent intensity quantitatively, following incubation of the NK cells
(effector cells) and target cells labeled with a radioactive substance,
fluorescent dye, or the like. The target cell may be, but not limited to, K562
cells, acute myeloid leukemia cells, chronic myeloid leukemia cells. The
amplified NK cells may be characterized by RT-PCR, solid phase
hybridization, ELISA, western blotting, immunoprecipitation, turbidimetric
immunoassay, FACS, flow cytometry and other techniques.

[0 03 6] Inthe present invention, whole blood collection of umbilical cord
blood and peripheral blood, preparation of self serum, preparation of
mononuclear cells from the whole blood, cell counts before and after
cultivating the mononuclear cells, determination of component fractions of NK
cells, T cells, hematopoietic progenitor cells and cells of other cell types
contained in the mononuclear cells before and after cultivation, calculation of
multiplicity of amplification, static analysis on measurement error and
significance may be carried out by any method commonly known by those
skilled in the art.

[0 03 7] All of the documents cited in this application are incorporated by

reference in their entirety.
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Fig. 5B is a graph illustrating temporal change of average component fraction of NK cells
(CD3-negative/CD56-positive) separated from five healthy volunteers, as determined by flow
cytometry relative to total cultured cells. Fig. 6A is a graph illustrating temporal change of individual
component fractions of NK cells (CD3-negative/CD56-positive) separated from patients with advanced
cancer (oral cancer, gal bladder cancer and bile duct cancer), as determined by flow cytometry relative
to total cultured cells.  FipHEs B un{pRERISHNNAG 8 A BlAa BeAMINTrBurve of NK cells
(CD3-negzt@/ey%D§(]‘>-positive) separated from patients with advanced cancer (oral cancer, gal bladder
cancer and bile duct cancer, as calculated in multiplicity of amplification. Fig. 7 is a flow cytometry
chart comparing dégultsAofiC 6B alysisnetryFiha3-tisod giapbroachyariogl medvublpresaeridintensity
(M) Vel O OB EmeIpAch 8% D S R Y mAI, RS TRa g figuts of CD16

Fig. 1B is a flow cytometry chart of mononuclear cells doubly stained

)|

IS & arapryii) sy

with antibodies against CD3 and CD56 after removing CD3-positive cells.

Fig. 2A is a graph illustrating individual growth curves of CD3-negative
cells separated from mononuclear cells derived from peripheral blood of five
healthy volunteers, as counted by the number of cells.

Fig. 2B is a graph illustrating an average growth curve of CD3-negative
cells separated from mononuclear cells derived from peripheral blood of five
healthy volunteers, as counted by the number of cells.

Fig. 3A is a graph illustrating individual growth curves of CD3-negative
cells separated from mononuclear cells derived from peripheral blood of five
healthy volunteers, as calculated in multiplicity of amplification.

Fig. 3B is a graph illustrating an average growth curve of CD3-negative
cells separated from mononuclear cells derived from peripheral blood of five
healthy volunteers, as calculated in multiplicity of amplification.

Fig. 4A is a graph illustrating individual growth curves of NK cells
(CD3-negative/CD56-positive) separated from mononuclear cells derived from
peripheral blood of five healthy volunteers, as calculated in multiplicity of
amplification.

Fig. 4B is a graph illustrating an average growth curve of NK cells
(CD3-negative/CD56-positive) separated from mononuclear cells derived from
peripheral blood of five healthy volunteers, as calculated in multiplicity of
amplification.

Fig. 5A is a graph illustrating temporal change of individual component
fractions of NK cells (CD3-negative/CD56-positive) separated from five
healthy volunteers, as determined by flow cytometry relative to total cultured

cells.
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Fig. 10 is a graph comparing mean fluorescent intensity (MFI) values of flow cytometry with CD 1G.
Fig. 11 is a graph comparing results of analysis with various cell surface markers. Fig. 12is a
graph illustrating growth curves of NK cells cultured in KBM and CellGro media, as calculated in
multiplicity of amplification. Fig. 13 is a graph illustrating result of cytotoxic activity against K562
cells of NK cells derived from peripheral blood and amplified according to the method of the present

invention.  Figiz i81 grapiennmtratlngteatine: deenaptis draasainareraagicarsponent
CD107a-pasiive celisnas datetennd Ry Iow oxipmatpy, eiatvedoyiotal Cylivied AliShealtilp- 15 1S a

bar graph illustrating component fraction of NK cells (CD3- negative/CD56-positive) relative to total
cultured celtg aiftesrensmovidet @DBNpdIvVE oeliydrme trydredadeve to total cultured cells.

Fig. 6A 1s a graph illustrating temporal change of individual
component fractions of NK cells (CD3-negative/CD56-positive) separated from
patients with advanced cancer (oral cancer, gal bladder cancer and bile duct
cancer), as determined by flow cytometry relative to total cultured cells.

Fig. 6B is a graph illustrating an average growth curve of NK cells
(CD3-negative/CD56-positive) separated from patients with advanced cancer
(oral cancer, gal bladder cancer and bile duct cancer, as calculated in
multiplicity of amplification.

Fig. 7 is a flow cytometry chart comparing results of CD69 analysis.

Fig. 8 is a graph comparing mean fluorescent intensity (MFI) values of
flow cytometry with CD69.

Fig. 9 is a flow cytometry chart comparing results of CD16 analysis.

Fig. 10 is a graph comparing mean fluorescent intensity (MFI) values of
flow cytometry with CD16.

Fig. 11 is a graph comparing results of analysis with various cell
surface markers.

Fig. 12 is a graph illustrating growth curves of NK cells cultured in
KBM and CellGro media, as calculated in multiplicity of amplification.

Fig. 13 is a graph illustrating result of cytotoxic activity against K562
cells of NK cells derived from peripheral blood and amplified according to the
method of the present invention.

Fig. 14 is a graph illustrating temporal changes of component fraction
of CD107a-positive cells, as determined by flow cytometry relative to total
cultured cells.

Fig. 15 is a bar graph illustrating component fraction of NK cells (CD3-
negative/CD56-positive) relative to total cultured cells after removing CD3-

positive cells once and twice.
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Fig. 16A is a bar graph illustrating component fractions of CD34- positive cells relative to CD3-negative
cells and CD3- and CD34-negative cells before amplification. Fig. 16B is a bar graph illustrating
component fractions of CD3-positive cells relative to CD3-negative cells and CD3- and CD34-negative
cells before amplification. Fig. 17 is a bar graph illustrating component fractions of NK cells (CD3-
negative/CD56-positive) relative to total cultured cells amplified from CD3- negative cells and CD3-

and CD34-negatiléZel§/BESPMBDEREIR chravaNaotrmprEeNVERTHORS (0D §DB4he
examples gesgrbed hRIgwate.enly BhHda suerseLhillusitrighs and peitgndad io/imitfie scope of

the present invention. The scope of the present invention is limited only by the language of the claims.
It is under$telvataranplodifidations to the present invention, for example, addition, deletion, and

replacement of & gaturgyot he presen inuspion, mey be.Sartied oLwitiey! GegRAing fremhe spir
of the present inverition. [Examp esf ample 1
cells relative to CD3-negative cells and CD3- and CD34-negative cells before
amplification.
Fig. 17 is a bar graph illustrating component fractions of NK cells (CD3-
negative/CD56-positive) relative to total cultured cells amplified from CD3-

negative cells and CD3- and CD34-negative cells.

BEST MODE FOR CARRYING OUT THE INVENTION

[00 3 9] The examples described below are only for the purpose of
1llustration, and not intended to limit the scope of the present invention. The
scope of the present invention is limited only by the language of the claims. It
1s understood that modifications to the present invention, for example,
addition, deletion, and replacement of a feature of the present invention, may
be carried out without departing from the spirit of the present invention.
[Examples]
Example 1
[004 0] Amplification of NK cells (1)
1. Materials and Methods
(1) Collection of Peripheral Blood

Peripheral blood was collected from healthy volunteers and patients
with advanced cancer (oral cancer, gall bladder cancer and bile duct cancer).
Experiments were performed under the authorization of the Research Ethics
Committee of Departments in Medical Facilities of Kyushu University
(Authorization Number: 22-176, Authorization Date: March 31, 2011).
Informed consents were obtained from the healthy volunteers and patients.
Blood collection, cryopreservation and defrosting were carried out by methods
commonly known by those skilled in the art.

[004 1] (2) Separation of Mononuclear Cells from Peripheral Blood

13



[ 0 0 4 01 Amplification of NK cells (1) 1. Materials and Methods (1) Collection of Peripheral Blood
Peripheral blood was collected from healthy volunteers and patients with advanced cancer (oral
cancer, gall bladder cancer and bile duct cancer). Experiments were performed under the
authorization of the Research Ethics Committee of Departments in Medical Facilities of Kyushu
University (Authorization Number: 22-176, Authorization Date: March 31, 2011). Informed consents

were obtained froReneoHested bisiodwars diatedtiariee Mubecsileamin B srastamesteshd
defrosting Wgie Garfiee oyt by ieshagdscommony KRewp-y higsaskiissiam thepet 19 G-doht (2)

Separation of Mononuclear Cells from Peripheral Blood The collected blood was diluted twice with

a diluent (PBBrBUppHlementEY twitBbL i of EETﬁsﬂaﬁd@ bflpbdymescmcmsx)armiﬁ@eroom
temperatu;f%a%% I:glg 3d5 (r)% 91; (}jﬁeoclillkut(’aﬂoblc%oq 5'\1’?85#)8_'? g‘%ﬁn@, é:elrllglf&gae (#gbr%% ﬁ{nd vesr{%\gq onto 10

tol5mLo ague (trade mark, density: es were centrifuged at x g, for 20
minutes atIr@a1M tenfiesaturee stopped ewithoiftipraking. 20but & fefuimfmipetaatant golmad plasma

portion) was removed and an intermediate layer was re red. The intermedijate layer recovered
o & b BT RRSABES e O T e 0 Ena Ui wEd adiie(eh TBELAR Bling e
diluent. A spryilpRIE-0heenbilgatipnenas cdriad aut Aitedthydadt 109@) tempetabirerdar 5 or 15
minutes. The supernatant was removed and the pellet was suspended in 30 mL of the diluent. A third

round of cdMAYABreAR 476l BRACKEISD Lo oBmO R AR, Wors1eralrliigsa Ty
supernatagh w@as Fermevediantkiie pellghwasisvspendes s RB Srsuanlsnentadseithd MM EDTA

and 0.1 % of BSA (referred to as "mononuclear cell suspension”) at 1 x 107 cells/mL.
of centrifugation was carried out at 500 x g, at room temperature, for 5 or 15

minutes. The supernatant was removed and the pellet was suspended in 30
mL of the diluent. A third round of centrifugation was carried out at 280 x g,
at room temperature, for 10 minutes. The supernatant was removed and the
pellet was suspended in PBS supplemented with 2 mM of EDTA and 0.1 % of
BSA (referred to as “mononuclear cell suspension”) at 1 x 107 cells/mL.
[004 2] (3) Removal of CD3-positive cells

Magnetic beads, on which an anti-CD3 antibody (Dynabeads (trade
mark) CD3) is immobilized, were rinsed once with PBS supplemented with 0.1
% of BSA, and added to the mononuclear cell suspension at 50 ulL per 107
cells. The mononuclear cell suspension comprising the beads was mixed at 4
°C for 30 minutes with a rotator. Then, the magnetic beads were separated
from the suspension with a magnet and the cells expressing CD3 on their cell
surface (CD3-positive cells) were removed.
[004 3] (4) Cultivation of Cell Population from which CD3-positive Cells
Were Removed

The remaining cells in the suspension (referred to as “CD3-negative
cells”) were diluted with a cell culture medium (KBM501, 16025015, Kohjin
Bio Co. Ltd., comprising 1750 JRU/mL of IL-2) supplemented with 5 % self
serum (referred to as “KBM medium”) at 5 x 105 cells/mL, and inoculated on a
six-well culture plate (140675, nunc, Thermo Fisher Scientific K.K.). Cells

were cultivated at 37 °C for 21 days, in an atmosphere of 5 % CO2 saturated
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[0 0 4 21 (3) Removal of CD3-positive cells Magnetic beads, on which an anti-CD3 antibody
(Dynabeads (trade mark) CD3) is immobilized, were rinsed once with PBS supplemented with 0.1 % of
BSA, and added to the mononuclear cell suspension at 50 uL per 107 cells. The mononuclear cell
suspension comprising the beads was mixed at 4 C for 30 minutes with a rotator. Then, the magnetic
beads were separated from the suspension with a magnet and the cells expressing CD3 on their cell
surface (CDBRpIsRieE cartvelbeemedaan Ve s grchancarivaidlayt G dlPopuldasniPommdhich
CD3-positiye Cels Wiie BeMvrd curilhgdemainiigseisindig suspension (referred to as
"CD3-negative cells”) were diluted with a cell culture medium (KBM501, 16025015, Kohjin Bio Co.
Ltd., compkigiflg4 760 JiR)/Avhads sis2)f Nppideienfddelitta s sl Serfmeidferked <o as "KBM
medium”) at 5 x Q]ﬁ') cells/mL, an inocuillat%g on a%ij;weil Ctgft%ﬁ plate (140675, nun¢, Thermo Fisher
Scientific K.K.). Cell§ OGN Ai37RetoPHd Hin WA EtmBEPHEE ©F 80 €02 JAtirated

with water ysgeemfhelBedistmwas exehanaaskenDaysddaystRaynl Dand Pand 21HAelcells were

cultivated free of feeder ceIIs.(gO 0 4 41 (5) Analysis of Number of Cells and Cell Surface Markers
hemocytometer. Cell surface markers of these cells were analyzed by flow

cytometry with the following antibodies: anti-CD3 antibody(317308,
BioLegend Japan KK), anti-CD16 antibody(556618, BD Pharmingen, Nippon
Becton Dickinson Company,Ltd.), anti-CD56 antibody(304607, 318321,
BioLegend Japan KK), anti-CD69 antibody(310905, BioLegend Japan KK),
anti-KIR3DL1/KIR3DL2 antibody(130-095-205, Miltenyi Biotec K.K.), anti-
KIR2DL3 antibody(FAB2014P, R&D SYSTEMS, COSMO BIO CO., LTD.),
anti-KIR2DL1/KIR2DS1 antibody(339505, BioLegend Japan KK), anti-
KIR2DL5  antibody(341303, BioLegend Japan KK), anti-NKp46
antibody(331907, BioLegend dJapan KK), anti-NKp30 antibody(325207,
BioLegend Japan KK), and anti-NKG2D antibody(320805, BioLegend Japan
KK).
[004 5] 2. Results
(1) Amplification of NK Cells of Healthy Volunteers

Fig. 1A is a flow cytometry chart of mononuclear cells doubly stained
with antibodies against CD3 and CD56 before removing CD3-positive cells.
Fig. 1B is a flow cytometry chart of mononuclear cells doubly stained with
antibodies against CD3 and CD56 after removing CD3-positive cells. “CD3*="
represents component fraction of CD3-positive cells, that is, a percentage ratio
of CD3-positive cells relative to the entire cultured cells. The component
fraction of CD3-positive cells (%) was 69.37 % before removing CD3-positive
cells, and 0.68 % after removing CD3-positive cells. As clearly shown by these
results, CD3-positive cells were significantly depleted from the mononuclear
cell suspension.
[004 6] Fig. 2A is a graph illustrating individual growth curves of CD3-

negative cells separated from mononuclear cells derived from peripheral blood
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The cell number of the peripheral blood mononuclear cells was determined by counting the number of
live cells between Days 0 and 21with a hemocytometer. Cell surface markers of these cells were
analyzed by flow cytometry with the following antibodies: anti-CD3 antibody(317308, BioLegend Japan
KK), anti-CD 16 antibody(556618, BD Pharmingen, Nippon Becton Dickinson Company,Ltd.),
anti-CD56 antibody(304607, 318321, BioLegend Japan KK), anti-CD69 antibody(310905, BioLegend
Japan KKk irgpthykrBmtocastissdgeraoabihposimemh@iotdti®. P antikiRzmbs

antibody(FARSOLAR, RED AYGREMSrGRRMOBIOP @ISl ANKIRIPL LIRS brom

antibody(339505, BioLegend Japan KK), antiKIR2DL5 antibody(341303, BioLegend Japan KK),
anti-NKp46namiipouy¢331@dlz Sirieykhodapan kikdrahtilnidoaiantiboaltB25e0nnBisregend Japan
KK), and anti-NKG2D antibady(320805,.BioL.egend Ja ). [0.0.4 51 2. Results (1 ification of
K Cells Gt Aty ol te e R O etan s et e ey
stained witheaiitadie b hgdinsi 688 dfich Lvechedaichre molingee R3vwasitietecalin ddgitlthis a flow

cytometry chart of.moponuclear cells doubly stained with antibodie inst.CD3 and C after
ramoving GBI RO B S LR Gt rctin of CIo8 pog8 el et o, a
percentagetaii@aedCPe-posiive selis selgémMenontid ensiidguwiirecellsaltitncodngosent fraction of

CD3-positive cells (%) was 69.37 % before removing CD3-positive cells, and 0.68 % after removing
CD3-positive o, pscelds gh%ﬁﬂ%ﬂﬂ?@%&%%ﬁﬁﬁé@%&%&&}@%%é%@ﬁécgibﬁ%@ﬁwlaemeted

from the mop@nHeleaicelbsHSPIRAN A BikFdlsdd R0 iR dsrating Indiisial grewth curves
O S Tt Yate. of growth kept fast until Day 14, And. slowed. down
y g P y )

thereafter. CD3-negative cells increased from about 5 x 105 cells at the start
of cultivation to about 700 x 105 cells on Day 21.
[004 7] Fig. 3A is a graph illustrating individual growth curves of CD3-
negative cells separated from mononuclear cells derived from peripheral blood
of five healthy volunteers, as calculated in multiplicity of amplification. Fig.
3B i1s a graph illustrating an average growth curve of CD3-negative cells
separated from mononuclear cells derived from peripheral blood of five
healthy volunteers, as calculated in multiplicity of amplification. The
multiplicity of amplification was calculated by dividing the number of cells on
Days 5, 6, 13, 17 and 21 by cell number at the start of cultivation. The
standard error of each experimental condition was calculated from the
number of cells of the five experiments carried out under identical conditions.
The multiplicity of amplification of CD3-negative cells continuously increased
from the start of cultivation to Day 21. The multiplicity of amplification kept
increasing remarkably until Day 13 and reached at about 150 fold on Day 21.
[004 8] Fig. 4A is a graph illustrating individual growth curves of NK
cells (CD3-negative/CD56-positive) separated from mononuclear cells derived
from peripheral blood of five healthy volunteers, as calculated in multiplicity
of amplification. Fig. 4B is a graph illustrating average growth curve of NK
cells (CD3-negative/CD56-positive) separated from mononuclear cells derived

from peripheral blood of five healthy volunteers, as calculated in multiplicity
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of five healthy volunteers, as counted by cell number. Fig. 2B is a graph illustrating an average growth
curve of CD3-negative cells separated from mononuclear cells derived from peripheral blood of five
healthy volunteers, as counted by cell number. The number of CD3-negative cells per one mL of
peripheral blood collected from five healthy volunteers was determined at the start of cultivation and
after cultivation for 5, 9, 13, 17 and 21 days. The standard error of each experimental condition was

calculated Sformpbieahosy: oflBele&T. tHeiga & xpBritehiesatancoaelp deeTaennady cohditions.
CD3-negafys, CallerntiRuausly lﬁ@&%?;?%‘%Jﬁﬁ%%ﬁ&%&&ﬁﬁb@hé@@%&&@& gy Ingherne of growth

kept fast until Day 13, and slowed down thereafter. CD3-negative cells increased from about 5 x 105
cells at thel$tarmufléutincationfte mipdiiczdior ¥o5scelicwa Bdyb1dividing theigreahbsmafriih

illustrating individual.growth, curyes of,CD3- negative cells sep from moponuclear cells.derived
ftom peripheLR Sl oF fud neainy ol tdore B A EBEEh A MOR S et A Eig. 35 is
a graph illesthatmagian. alldrageagrdavtth ecirve of €oB-aepativeccalsd sepditied amanendatelear cells

derived from peripheral blood qf five healthy volunteers,.as calculated in multiplicity of amplification.
Sl g S R R e e R
21 by cell penthtioattha Btarhof tiplivakost 3heBiaeskansh &Kl @ath lexpeiinesial eedian was
calculated from the number of cells of the five experiments carried, out under identical conditions. The

multiplicityt€aftphficatichbiasemegaiiacelis cohbsususli Mol rempHicationotebtivation to

Day 21. Thﬁ&uﬂgmii%ﬁ{@mﬁiwml@wmqrsﬁai@gg@mrlgﬁbo{xmih@@ma aﬁqﬁﬁ@l@d at about
150 fold on Day 21. J0 0 4 81 Fig. 4A is a graph illustrating individual growth curves of NK cells

(CD3-negativé)CD86-pokigved depraratad 4l Mbabitiatesraretiveriam pbripdévadBidod of five

healthy volunteers, as calculated | Itiplici amplificati ig. 4B.is a graph illystrating average
grouth a8 e e B ey G AR e S e Hrivea

from peripfietal idadchof frotunealify, valudieeisnasedalbylafiedvincirioliielielry rofzaivelificatomlin Figs.
4A and 4B, CD3-negative cells were analyzed by flow cytometry after doubly stained with antibodies
against C[%% Hﬂeée SThe' Fulticity DBl HSW%E%&%H}B%&% hPthavSUAfSer of NK

cells on Daysnpokbadrd dtidnth NIKNRETISf (WP gallsat the/ 6B ©peiitatiose Jova séangiaid error of

each experimental condition was calculated from the number of cells of the five experiments carried

out under fAEnthaprtdnditiehentasssm @tplets araaplibyatirorNie BetE ksl Hareathddtam the start

of cultivatioigRay s enMrliplisity of ampifieasion keptincreaning dpmerkabhe 4y Bigy,14 and
reached at about 400 fold on Day 21. [0 0 4 91 Fig. 5A is a graph illustrating temporal change of

individual eshopatient dfaetidrsnd NeubdiisstaDrdagativartbodipssigrense pdised ftdm e healthy

I i f lati I . Fig. [
roneer e BRI e PRI SRS,

ral change of average component fraction o cells -negat
separated fedatifrecthehlchgntalebyeet sudisidete celitse d Byeflorl oyt oenett yh e ataeht odptakeunltared cells.

In Figs. 5A and 5B -negative cell e anal by flow.c y after. bain ubly stained

with i BBt PO Lol SaR b FoURBR BT Kk ST e L LA ST Bntage

ratio of NKthellstalatve tofthegntirety ektldtuiad cells. Bedrdinaie pfdhengsapiniepreseris

component fractions (%) of NK cells (CD3-ne%ative/CC[5))r?6-positive) relative to the entirety of cultured
iRk

cells and tABEWadices repiedentl Riayd Driag 5EG0d SRR SRRt ePRSHbPBady RS

experimendal GIRAEIPFWARS dalckiateskirem dbrsnuimber e selisetiiffive expeaments saaded out
under identical conditions. The component fraction of NK cells kept increasing from the start of

cultivation idepBigalicorlitienspohBst spaeneRtiINKactiRkebNKefedsid RériRekedNh il day 14 and
reached approXimAIely S01B SBARYLHLvas shawn gl iie.pieRenk BxeRiaTRmBIas N cell
selectively over time. [ 0 0 5 01 (2) Amplification of NK cells of Patients Fig. 6A is a graph
illustratingiteenpasaie rangerbhipkiviadial Esmpbhemdraetionedoapieelivately 90 % on Day
(CDS_negaltﬁl.e/?tD\%%_ %ﬂ(t)lgv%} %ﬁggr%%dgrr%rsnent invention amplifies NK cells selectively

over time.

[0050] (2) Amplification of NK cells of Patients

Fig. 6A is a graph illustrating temporal change of individual

component fractions of NK cells (CD3-negative/CD56-positive) separated from
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patients with advanced cancer (oral cancer, gall bladder cancer and bile duct cancer), as determined
by flow cytometry relative to total cultured cells. Fig. 6B is a graph illustrating average growth curve of
NK cells (CD3- negative/CD56-positive) separated from patients with advanced cancer (oral cancer,
gall bladder cancer and bile duct cancer), as calculated in multiplicity of amplification. "Component
fraction of NK cells" represents a percentage ratio of NK cells relative to the entirety of cultured cells.
The ordina?8 e Hriiphashrigeeh capeetdarat sanrsvemathblivhdausrarak safshidpduct
negative/CRAG:RpsV AL ielaflvede BRUTE SR celsandite BhicisrdaRERetanay Sl the
cultivation period. The "multiplicity of amplification for NK cells” was calculated by dividing NK cell after
amplificatioBby KK eelignamibeHpretestiirgtheveerpheitdiibd monenudedfEeleBeforeRmplification.
The ordingte ofthe RrBRR AL IS8 ebresets mulipliciy.of amplification oL MK eelis ang .

abscissa repﬁesen?s ays S the cultivation perloa. The tandard error of eac experlmen(t)aﬁcondition
was calculeieddromatfiebtuddbe rcafeeltsanfd el hec e xperments catiedadat inderitiéplicaly
conditions. ﬁs illustrated in the graph of Fig..6A, the ¢ ne lfr,action of NK cells kept increasing
remarkabt) AR B LA R reHCHRRPRSBIO LG 85 0 SrcEy TR SREE SRR prosent
invention aaplifies NIK eells selaetivelhoalas imeras HostiBiesth ¢bB Orapheobiion HE, dhenpultiplicity
of amplification of NK cells kept increasing from the start of cultivation to Dggﬂ; and reached about

140 fold oR19RN 18] GHDafH 1 rehESRPoriaRRAReBh dragkierss Wals abdrBissalbiud {d e growth
of CD3-positiyg: el higweveltithe oremihes NK eslisrwashardbaatientedby the growthiaka

CD3-positive cells. From these results it was demonstrated that NK cells separated from patients of

advanced Eepraserateancdr theculiadeleamriethd Bhe duatleireaity b amplifisa taoadtime. It was
also sugg d t r i i li e P . i rﬁ}ﬁf cer,
infectious%ﬁ%ggg or ?f%e?ﬁ?egélv%%?m? J&.%(%% Igf){\llitiepiilregs?fé:i%o?n 0 %%?e%%?)ﬁn? mar ecrgs?f(;f NK
cells Rigg1b2r9 ancbdenshoim gréphs quempdréarg lflowlogtbmetonanalgsisrestdissof bellgerface
markers. Figs. 8.and.10 s graphs of n fluorescept intensity (MFI) measurements of CD69 and
CD16, Thé SRRt or (e el S o R A Rteegs, T PEINGLY o cell of
the three expglifieatsocasieN Butdalhdamidehiicabsoiditiongriscieardadernbnisatattbmbigs. 7 to 11,
the cells amplified by the method of the pre?(ent iﬂvention hav%iltrong rexpressionéﬁf‘%Dw
KIR2DL 3, RIBSBL 1/KI8 1581 pR ABTE! 19k $36Da AENSKED @nfoRSd MRS calsBatsd

amplificatigp, & IPRCIal YL 1SXPIFSSOR of GRS THRdb @ greplities sells wasiaheti ke Ya dAsteearly

demonstrated by these figures, the cells prepared by the method of the present invention express

differentiai6R AT drnilvsikated ar shggaael whttise Riv dbis speMmgR tftsehirnaetivity. [0 0
5 21 The expergrntalseshiatiiis Ranussiemensipiehat by sylvating é,g) %ﬁ?ﬁ%mgdium after

removal of CD3-positive cells, that IS, T cells, nearly exclusive amplification of cells can be carried

out selectibdlyant d¥oichtly. It was shgyesttpthshe rregentimbmndiouaseidibes DEpeepared not
only from I t also: ' fferi r , infecti i , and
other disegggé %%%é%ﬁi%?t%v%%'a sg) g%%%%i%@:ﬁ%t% %éegﬁge% odIin c?f;i g&?ﬁe&%ﬁﬁygﬁ}ﬁ?a?
remarkablyarphfifyatoionly NK cells denptethineraspegdihenal thiecd abtivélsolcetstaerivedFagm other
ti , ially, Il ived f ilical d.E I 0053
Uesues an P soRea A 56 R AP TRRIGR S RO, RXATBlE 1005 %

of NK cells was decreased due to the growth of CD3-positive cells. However,

the growth of NK cells was hardly affected by the growth of CD3-positive cells.
From these results it was demonstrated that NK cells separated from patients
of advanced cancer (oral cancer, gal bladder cancer and bile duct cancer) are
amplified over time. It was also suggested that the present invention can
amplify NK cells separated from patients of cancer, infectious diseases, or the
like over time.

[005 1] (3) Expression of differentiation markers of NK cells
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1. Materials and Methods NK cells were prepared from healthy volunteers according to the method
described in connection with Example 1. CellGro SCGM (2001 CellGenix GmbH, lwai Chemicals
Company) supplemented with 2500 IU/mL of IL-2 (AF-200-02-2. Peprotech, Toyobo Co., Ltd.) and 5 %
of self serum (referred to as "CellGro medium™) was prepared as a cell culture medium. The NK cells
were amplified in the KBM and CellGro media according to the method described in connection with
Example 1. [ 0 0 §igp-2 TRekuiad  1Fighowiscaaphphanuxpering gromthaiiprastsy Nikedysisultured in

KBM and Gellgro mediayas gaisulatedhinamultiplisity of amplification.fhe rawliplicityef amplification
was calculated by dividing the number of NK cells on Days 7, 14 and 21 by the number of NK cells at
the start ofleutioation. Tiitestatyd AMIFron of sashrsgerivhdiRf Sonuiticiias ddieutdtontifroch the
number ofe%%l(l)s of ttewg o ex erirQEcF% Carré%filgrlftvl\fms(,j%r i%ﬁi‘&it%%i %%lditi%%s- Th mrul(g'kp!:icﬁ of
amplification of I{f& cells in RBM and CellBro media?kep?mcreasmg antil aynélf.1 fe mul?lp Icity of
amplificatiofi aneDidy24 wgscahauh6y @felddd thetkidddenedientiant edoditicidsfoldin thenellGro

cutiiontsy SRTRETH Y At AT i PR AGFE W bREL en PSR SBls can be
amplified igha-¢aetiunh e RtisHGE S5 RR prELiH AN LOT o 2K TREADEGHVE KH 23 fyael8faed culture
medium. Example 3
KIR2DL5, NKp30, and NKG2D compared with the cells before amplification.
Especially, expression of CD69 in the amplified cells was about 100 %. As
clearly demonstrated by these figures, the cells prepared by the method of the
present invention express differentiation markers of NK cells. It was
suggested that the NK cells have high cytotoxic activity.
[005 2] The experimental results of this Example demonstrate that by
cultivating in the KBM medium after removal of CD3-positive cells, that is, T
cells, nearly exclusive amplification of NK cells can be carried out selectively
and efficiently. It was suggested that a large number of NK cells can be
prepared not only from healthy volunteers but also from patients suffering
from cancer, infectious diseases, and other disease conditions. It was also
suggested that the method of the present invention can remarkably amplify
not only NK cells derived from peripheral blood, but also cells derived from
other tissues and organs, especially, NK cells derived from umbilical cord
blood.
Example 2
[005 3] Amplification of NK cells (2)
1. Materials and Methods
NK cells were prepared from healthy volunteers according to the
method described in connection with Example 1. CellGro SCGM (2001
CellGenix GmbH, Iwai Chemicals Company) supplemented with 2500 IU/mL
of IL-2 (AF-200-02-2. Peprotech, Toyobo Co., Ltd.) and 5 % of self serum

(referred to as “CellGro medium”) was prepared as a cell culture medium. The
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[0 0561 1. Materials and Methods (1) Quantitative Evaluation of Cytotoxic Activity NK cells were
prepared according to the method described in connection with Example 1 and used as effector cells.
K562 cells (chronic myeloid leukemia cells) were prepared according to a method commonly known by
those skilled in the art, and used as target cells. The cytotoxic activity of amplified NK cells and NK
cells which had not been amplified (referred to as "non-amplified NK cells") were guantitatively

evaluated Rdtoralty weaathpiieehibrifxAoRMbgrdoseHiired medie arcBHEME the td1get cells
were Iabelﬁgemocajgg/&q%@ﬁ&gﬂ%%mﬁ%}gﬁ%mepium supplemented with 3,3’

-dioctadecyloxacarbocyanine (D4292, Sigma-Aldrich Japan K.K.) at a final concentration of 0.01 mM.
After Iabelz@,(ih@ thtgetcdResnitre washed three times with PBS 0 and a serum-free IMDM medium.

The effector cells and the target cells were inoculated in g round-bott 6-well culture pjate and
Co-culturedt for 2 RSB e &Rl A0 AR LY S E TS of o MEeGF D81 B AP 28 (BT
ratio) was K@t 3idd dellisol I adid, 1ak0cdRaleaioxc aciviplicie)y eisaamahii@ttiely. dgtesmined by
flow cytometry with an anti-MHC class | antibody (311409, BiolLegend Japan KK) and 7-

aminoactifBHyEE tnolam MidsrtiarMeas saanlrted) by slayeiime she pyrabss wbNgreidhtiation
Markers of, Is 7, 1NK galls wete @pnifiathaccording ihe feathod daschbedinwanpgction with

Example 1. The NK cells at the start of cultivation and on Days 3, 7, 14 and 21 were co-cultured with
K562 cellshas@idetib efp e canbuesperenenbm pashtipactos tadpleedpbsinvdlells in the

Eﬁ cells Wﬁ{:]‘??an%%&eé%ﬁx U?‘éh%%%%%‘ﬂf&@ﬂt%ﬂékﬁ’?é&Zﬁ@ﬂﬂ‘&%@%@ﬁ?ﬁ% BifkieagRd Japan
). [0 0 5 8] (1) Quantitative Evaluation of Cytotoxic Activity

The multiplicity of amplification of NK cells in KBM and CellGro media kept
increasing until Day 21. The multiplicity of amplification on Day 21 was
about 670 fold in the KBM medium and about 140 fold in the CellGro medium.
[0 05 5] The experimental results of this Example demonstrated that NK
cells are sufficiently amplified in the KBM and CellGro media. Therefore, it
was suggested that NK cells can be amplified in a medium comprising 2500 —
2813 IU/mL of IL-2, irrespective of the type of cell culture medium.
Example 3
[0056] 1.Materials and Methods
(1) Quantitative Evaluation of Cytotoxic Activity

NK cells were prepared according to the method described in connection
with Example 1 and used as effector cells. K562 cells (chronic myeloid
leukemia cells) were prepared according to a method commonly known by
those skilled in the art, and used as target cells. The cytotoxic activity of
amplified NK cells and NK cells which had not been amplified (referred to as
“non-amplified NK cells”) were quantitatively evaluated according to a method
commonly known by those skilled in the art. Briefly, the target cells were
labeled by cultivating for 10 minutes in RPMI-1640 medium supplemented
with 3,3" -dioctadecyloxacarbocyanine (D4292, Sigma-Aldrich Japan K.K.) at
a final concentration of 0.01 mM. After labeling, the target cells were washed
three times with PBS (-) and a serum-free IMDM medium. The effector cells

and the target cells were inoculated in a round-bottom 96-well culture plate
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Fig. 13 is a graph illustrating result of cytotoxic activity against K562 cells of NK cells derived from
peripheral blood and amplified according to the method of the present invention. The ordinate of the
graph represents cytotoxic activity (unit: %). The open bars represent cytotoxic activities of
non-amplified NK cells and the closed bars represent cytotoxic activities of amplified NK cells. The
abscissa represents E:T ratios of amplified or non-amplified NK cells and K562 cells. At an E:T ratio of

3:1, the cytBtdxse settityaadasb oz s ot e rherphtfeeenikVdaM apedansut 1Hbeoeviamplified NK

cells. At an fe. T at0.ff & ]caﬁé%t?}f&q}‘@‘?ﬁfﬁi%ﬁ s abpy 20 podor non-amplified Nicetiy and about

107 % for amplified NK cells."At an E:T ratio of 1:1, the cytotoxic activity was about 10 % for
non-amplifigtiokixise hs tanth a it Y06 ifantitaifiely Nk teehsinedEby réltws of toSieiny with the

cytotoxic activity of. ified NK cgells bo 0 nciga ut 15 %, respecti N0 91 Fig. 14
is a graph fitus rg(t%}wg engpgcria Sgh(;ﬁlgaer\g{%) O?Jmﬁzénéag}ac |6§B(§g85%0°)gpp%%it?v¥eﬁlgel sr,l(gs%determined
by flow cytomatnacelabveytiathb (@tauoondemos chltiietl dalisaT Beltandard error of each

experimental condijtion was calculated frgm the number of cells of the.five experiments carried out
under iden@a@ c%r?dﬁio\r@' B%ﬂgﬁt‘#zra{éf Rr6PER16%aY BY ﬁKfeOéeWg f&présents a percentage
ratio of CD107a-pogitive ngllsyelativeifhigantisebo Al cidtuigd erlls i earthexpesimerial group. In
the graph of Fig. 14, the ordinate represents component fractions (%) of CD107a-positive cells relative

to the entirsErAcimred e kaxay labskhsaNprebens dhyssbatthieotiuliavoniperioed Pive
componenffract 7. itive cells | Q@@é? rom the .of cultiyation to Day
3 and then(f:)o%ggo%?r?f#a%é&%ﬁ%%%%a%ﬁ?%%ﬁ%%% 21. 0%(5) lg/é’ O%L@%eﬁﬁﬁr@eﬂﬁryeﬁ%s of this
Example d2monstatd teat, therhiponells draglifimd alt€olbling aopibre tpvesesii snue rifien KNivedligh

cytotoxic activity. ThlllsZ |tdwgs monst;;gtedtthat Vglgghpraegeg}l rilyéﬁf@)(\%:;n s,feLec&lvepé %fflmently

amplify NK'Ceffs With %Ig% cyYotoing actvi y%vﬁ%out using feeder ce TS ahstatten with foreign

molecules Bio e dilse. JsditioRaly, it was suggested that the cytotoxic activity will be high when the NK

cells are amplified not only from cells of pﬁéi]ptferal blc(;%doé)rigin but also from cells of other tissue or
organ origi? &5pedially VAR YA bR e Basd-arghex BY&% [0 0 6 1] Amplification of

NK cells (3) (Repgated Removal ofCIRiaqsitive GelRl: of AIRIHESHPEINREIS AsSerReaIn

connection with Examples 1 to 3, while carrying out further experiments of amplifying NK cells, it was

found thatqﬁ]é%gfrﬁi&meﬂllﬁabtrémdf @@B-p@simh@wlIblmdtiaeﬁoam@]éﬁﬁdeacgmﬁm@@éh@ may
exceed 306,351 theesultolihie Exomple-as g, C0FaRosiive celinarsasedgn aglectivel.

The frequency of this non-selective increase o positive cells was a experiments in
which NK cgtistwsre arhitified froiti gé)iph€tad hiped maromapleacet| sytoliegiedibyiajieresis from

e o S R P e n i P M el ey, e

once. amplified NK cells. The abscissa represents E:T ratios of amplified or non-
amplified NK cells and K562 cells. At an E:T ratio of 3:1, the cytotoxic activity
was about 30 % for non-amplified NK cells and about 110% for amplified NK
cells. At an E:T ratio of 2:1, the cytotoxic activity was about 20 % for non-
amplified NK cells and about 107 % for amplified NK cells. At an E:T ratio of
1:1, the cytotoxic activity was about 10 % for non-amplified NK cells and about
100 % for amplified NK cells. At E:T ratios of 1:5 and 1:10, the cytotoxic
activity of amplified NK cells was about 25 % and about 15 %, respectively.
[005 9] Fig. 14 is a graph illustrating temporal changes of component
fraction of CD107a-positive cells, as determined by flow cytometry relative to
the total number of cultured cells. The standard error of each experimental
condition was calculated from the number of cells of the five experiments

carried out under identical conditions. “Component fraction of CD107a-
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[0 0 6 21 1. Materials and Methods NK cells were amplified and the number of cells and cell
surface markers were analyzed according to the method described in connection with Example 1. The
mononuclear cell suspensions were prepared from patients of advanced cancer (oral cancer, gall
bladder cancer and bile duct cancer). Removal of CD3-positive cells was carried out once or twice.
The CD3- negative cells were cultivated for 14 days in the KBM medium. [0 0 6 31 2. Results Fig.
15 is a baPgap alGstatingRIsItiTeAt BeXcebHa st Kadigett (D) epasiaye ssBspselaiierelative to

the total nymbe of uliwed el alter "emeviRgGRB AgRilE el 9nss Andiivigs: Fhe siror bar of

each experimental condition represents standard error of the measured values of experimental results
repeated thiige firhethendetiiettticabeeneitisnso MperontplyactiviractiohoHNK 08HspGidEdvgsositive

cells and ather cells, represent percentage.ratios of NK.cells 3-poesitive cells and othey cells relative
o the entidn of LS LG e N RS St B AR R A
componenbffralationsl {2eh tbN Kpeelts] .COEpositinp astistafichottvar ofll€ Ieldtie podheventiedlty of

cultured cells and the absci represents times tq cayry out the step of rempyjng CD3-positjve cells.
The compoREFERASAR ey o KHE CE< DS GHRELS 6 BB oo TRihe GG UBecaBBUNED S when
CD3-positifye @als were nemeida aheatanD apaut 65 % when CD3-positive cells were removed twice.
[00641 '{)ae expe(rjmental results of this Example demonstrate that repeated removal of

[

CD3-positive Eeffs PeducERarxpsrpyital rastidts scbs fratveledtenonatats thaértety of
culture cellg; r&%ﬂi&”ﬁ%}%ﬁf@& %%%ﬁ?ﬁ%gif%ﬂ%” NELcelisyelaiye Rbe \ @%e}gxégﬁs&&yre cells.

The repeated removal of CD3-positive ce owever, Is not sufficient to amp s selectively.
Therefore attevirtyeniths of ther psedemtonyeratted tied thegméeseabitreattiont athesdleatitdyrepeated
removal Ofaggséﬁ?ggxglgeg?ﬁﬁ)l(@mlﬁ 5cells with high cytotoxic activity without using
feeder cells, NK cells transfected with foreign molecules, or the like.
Additionally, it was suggested that the cytotoxic activity will be high when the
NK cells are amplified not only from cells of peripheral blood origin but also
from cells of other tissue or organ origin, especially from cells of umbilical cord
blood origin.
Example 4
[006 1] Amplification of NK cells (3) (Repeated Removal of CD3-positive
Cells)

After the experiments described in connection with Examples 1 to 3,
while carrying out further experiments of amplifying NK cells, it was found
that the component fraction of CD3-positive cells relative to the entirety of
culture cells may exceed 30 %, as in the result of this Example, as the CD3-
positive cells increased non-selectively. The frequency of this non-selective
increase of CD3-positive cells was about 30 % of experiments in which NK
cells were amplified from peripheral blood mononuclear cells collected by
apheresis from patients of advanced cancer (data not shown). Therefore, in
order to amplify NK cells selectively, the inventors of the present invention

tried to carry out the step of removing CD3-positive cells more than once.

(006 2] 1.Materials and Methods
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[0 0 6 5] Amplification of NK cells (4) (Removal of CD3-positive cells and CD34-positive cells) 1.
Materials and Methods NK cells were amplified and cell number and cell surface markers were
analyzed according to the method described in connection with Example 1. Mononuclear cell
suspensions were prepared from patients of advanced cancer (oral cancer, gal bladder cancer and
bile duct cancer). After CD3-positive cells were removed, hematopoietic progenitor cells were

removed. The re%a?%ﬂ@h@ﬁéﬁwﬁéﬁﬂﬁ&ﬁﬁp@b@nﬂ& ceHanhas éﬁrri@@%u@ﬁ? réﬁll]o\ﬁﬁﬁf@éﬁs
eXpreSSi“%ﬁ?ﬁé‘r@%E'FeCﬂlaﬁ%@@&%&?@%&(@ﬁféHﬁé%’&d"(&@§é%@daiﬁi%ﬂﬁ¥4@£%ﬂ)ﬁ‘WiﬁP34

antibody (343523, BioLegend Japan KK) and magnetic beads (Dynabeads biotin binder, 110-47, Life

Technologlsadapin LtdDh 8 niedlyo thisleD3deposithre nelinwerene actahwith fiverb jpainglate dfnti-CD34
antibody. Afleyards cenirjuqation was. earied pyllo emOoye ihe.suRgmalantyand 8 suspgnsion of
cells bound 10 The above-rentioned ahtibodywas prepared. The magnetic beads were washed once
with PBS Riaplevadntdd R-pdsaaf BEAsanchwereraddedta tbasuspensiceat 30hel. E&X3t07 cells.
The suspension with t@e magnetic beads was mixed at 4 C fqr 30 minutes using a rotator. The
magnetic BEARGAS L pAr L crBHT IR Lesparios WS iAHeRF8RIUing the CD34-positive
cells. The Eellg reradining, iRdbglsgIspension (referred to as "CD3-and CD34-negative cells”) were
cultivated for 14 days in the KBM medium. For the flow cytometry, an anti CD34 antibody (343505,
BioLegend Japarfikk)wds adwticianhudbestratong 60mrpray fsachangrabh HuestHat mponent
fractions o - {ti . ' D3- ' e - 34-negative, cells
before améll czﬁl)ﬁeg?gﬁg%%glg%bﬁ?égﬁﬁ)ﬁiIlﬁbsrt]r%%?}%ggg?ng%r%% Ifcrgcﬁi%%% %D%%%%s%?gger cells
relative to GD®vegatitdkioant € D@l ndhe@34amegativeccells Beforemmplibeatiod. Haelkerror bar
of each exgerimental 1§:c1nditioop e resents st%ndacrd eror of the me ured values fefperimfental
results repe)gfgalfﬂ%le imes uhder identical condi |(§lnse}réo%ﬁ%%é)nt Pactions of ¢ gﬁ‘-blggit?ve cells
and CD3-pogitivincelitalepeesdty pepeaitapehiatio of o33 dapdsitivéeeslicadneb Ll BpasitivEleells
relative to the entire cultured cells j ch experimental group. The ordinate of the graph represents
componen‘foﬁﬁlﬂfb%t(éﬁ‘btﬁwﬁgﬁgt ?éelg PePRVSOEH %’”éﬂsoﬁgf’dfr@ plfREtSA Felative to
the entire gletusedellsatiog 8P3Ciss2 06 BRI TEPEEsaNS6R]| syReted1Bsarpliied 46 eaeh
experimental group. The component fraction (%) of CD34-positive cells before amplification was about

0.15 % in epatabyafivaltuns sausberchoswrireosaliramalhgarinasnof the graph

represents component fractions (%) of NK cells, CD3-positive cells and other

N

cells relative to the entirety of cultured cells and the abscissa represents times
to carry out the step of removing CD3-positive cells. The component fraction
(%) of NK cells relative to the entirety of culture cells was about 50 % when
CD3-positive cells were removed once, and about 65 % when CD3-positive
cells were removed twice.

[006 4] The experimental results of this Example demonstrate that
repeated removal of CD3-positive cells reduces the component fraction of CD3-
positive cells relative to the entirety of culture cells, and increases the
component fraction of NK cells relative to the entirety of culture cells. The
repeated removal of CD3-positive cells, however, is not sufficient to amplify
NK cells selectively. Therefore, the inventors of the present invention tried to
combine a treatment other than the repeated removal of CD3-positive cells.
Example 5

[006 5] Amplification of NK cells (4) (Removal of CD3-positive cells and
CD34-positive cells)
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006 71 Fig. 17 is a bar graph illustrating component fractions of NK cells
(CD3-negative/CD56-positive) relative to total cultured cells amplified from CD3-negative cells and
CD3- and CD34-negative cells. The error bar of each experimental condition represents standard error
of the measured values of experimental results repeated three times under identical conditions.
Component fractions of NK cells, CD3-positive cells other cells represent percentage ratio of NK cells,
CD3-positive celld M tsthiedeamdrdMeibeds the entire cultured cells in each experimental group. The
ordinate of the gragk [eRLeSRAS cOMRARAN JACHANS (¥her NELeln SRARosiiuserlsaRd other
cells relative to the entire cultured cells. The abscissa of the graph represents cell type to be amplified
in each expesiveathlagoud @b hpodhenmfedbtidndesyobRK velpahectmplificdtidixatatile fo the entire
cultured cqlfs Was,apout 6970 CRnegalive cells andabaut 99 26,0 CR3. And Chsdnegative cells
00681 The experlmenta?resu of this Exampie demonstrate that the componenct raction of NK cells
(CD3-negdtivel cDrénosilvaadlative tethaadtively dfictitaredvelld fesmaGkblydsitieasedlby
removing CD3-positive cells and CD34-positive cells. It was also demonstrated that NK cells.can be
amplified at Aigh' puHY %%Fﬂ&%%@-&&&%%%ﬁscéﬁa BTGNS celld e VER AN the NK
cells are athylifind:fiatamsploerplbieedtpionasuciean selis eplirrtesiby Bphetesisill 6l
Conclusion As_clearlé)eugnderstood from the above-mention&%[()axperim,e_ntal results, it is now

possible tEPREEEFES I&riB Aurtbdisr kil canstaysetBerngic sl posnasatinscetabingy o
mononuclggpgeks.Aevedirem periphierstle9dsssshoyndodha (easls iifhisfxampigethe cells

amplified by the method of the present invention have very high cytotoxic activity. Further, it is now

possible tdprssarhigakeadstiddatin cbindsrreNidg CbEacErrhmnelogies cdappand &bB4-positive

cells (hem 8%';‘?“%1% @Bﬁﬁ%ﬁ&ﬁ'ﬁ%&ég@&@?%m?&%ﬂ%ﬁdﬁﬁg?@H%‘?@ﬁﬁ%ﬁ'&ti& Onti0¢1ad been

known that, in the’ conventional methods for amplifying NK the cytotoxic activity of the NK cells is
low. For exartipledsTerumifhe;whietsal. (PateritiBaidomemtas reporied thattthéir Niwells; withieh were

derived from peripheral blogd of healthy volunteers, had a purity of 81.2 %, 130 fold amgplification, and
cytoronic SRy B B8 AP S B A B PARaE Bk AE 5 peh TR e
whiclhf_we(evderpifqbim. p@hphﬁ_@gﬂs;dmﬁd'b bﬁahée?ﬁ?)ée%m?@ﬁmﬁaacbﬁgmuﬂﬂsﬁzgﬁméﬁneﬁﬁ@g fold
ampllcatlon, n C%'[O'[O tIVItyO about 0 :1=1:1). Carlens, S. et a on- en ocument
4) reportea‘fﬂﬁﬁt %Mwﬁﬁﬁs&, WHIL . e orkRe SURBRBAAPBIGELSs eﬁSanOpa‘f fs, had a

purity of S8 183 fetdsmmpicaRti ansndeioxe Aty Pidixa (& TF2Q)faligh EnBldes
(Non-patent Document 5) reported that their NK cells, which were derived from peripheral blood of

myeloma PEEBALE, 148 1RHuABORER Y6 G e IvErKp IFFRRTE e driBs) SRSk RUERAVBIOBT WhHUt 10 %
(ET=1:1). Fuiisakick! Lalo(NAP-PRISTDOLYNSRER) eaRtedthat thejk Nléxﬁ%liﬁma%?im WeLe derived

from peripheral blood of healthy’volunteers, and which were cultivated with genetically modified tumor

cells as fesdepeniimmateiepeilytofas €3 206D atprtediion calld’h werdmuli eytetbfie activity of
about 90 % (E;T=1:1). ' es lis ified NK ce rding t resent
invention hfég/%‘%yéll}ﬁ}%?%gﬁ%‘%o %‘;g z%gpﬁl%ésatl n?%tflng S’y%t%%?ta?ggﬁ?;j‘io?‘é@g&? ipOO %
(E:T=1:1). (BH8 aY5otBxidagtivity Lipdik ¢eH3 ohiainédibyralyantimhal techniques against K562 cells
was up to ahout 90.% (E:T=1:1),when.the genetically modified tumor cells.were used der cells,
i 66 % (L5 1) undi MBS LEE REPE AL CURPBP A LHECEAR b i contas,
are amplifigg\¥iAoub AEY-E2£€l0E Gelle BB ithe @YIetaxie amyity Rl apsulf ke Ielid). The

present invention is remarkably better than the conventional art, because the NK cells of the present

invention MSfEsigHYkdexteoRctig b6 Bo'visk scsrphitiner sfnecusrpens it fadianproduct.
Accordinglys the)RIsseNt invention isiuseful for RIBRAFING.AHPIOBAMRER OYS Cellsvigphigh cytotoxic
activity and high purity from collected blood cells.

negative cells before amplification. The error bar of each experimental

condition represents standard error of the measured values of experimental

results repeated three times under identical conditions. Component fractions

of CD34-positive cells and CD3-positive cells represent percentage ratio of

CD34-positive cells and CD3-positive cells relative to the entire cultured cells

in each experimental group. The ordinate of the graph represents component
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CLAIMS 1. A method for amplifying NK cells, comprising the steps of: preparing cell population which
is comprised of NK cells; removing T cells from the cell population which is comprised of NK cells;
and after removal of T cells, cultivating the remaining cells in a medium supplemented with 2500 to
2831 IU/mL of IL-2. 2. The method according to Claim 1, wherein

fractions (%) of CD34-positive cells and CD3-positive cells before amplification
relative to the entire cultured cells. The abscissa of the graph represents cell
type to be amplified in each experimental group. The component fraction (%)
of CD34-positive cells before amplification was about 0.15 % in CD3-negative
cells and about 0.25 % in CD3-and CD34-negative cells.

[006 7] Fig. 17 is a bar graph illustrating component fractions of NK cells
(CD3-negative/CD56-positive) relative to total cultured cells amplified from
CD3-negative cells and CD3- and CD34-negative cells. The error bar of each
experimental condition represents standard error of the measured values of
experimental results repeated three times under identical conditions.
Component fractions of NK cells, CD3-positive cells other cells represent
percentage ratio of NK cells, CD3-positive cells and other cells relative to the
entire cultured cells in each experimental group. The ordinate of the graph
represents component fractions (%) of NK cells, CD3-positive cells and other
cells relative to the entire cultured cells. The abscissa of the graph represents
cell type to be amplified in each experimental group. Component fraction (%)
of NK cells after amplification relative to the entire cultured cells was about
60 % 1n CD3-negative cells and about 90 % in CD3- and CD34-negative cells.
[0 06 8] The experimental results of this Example demonstrate that the
component fraction of NK cells (CD3-negative/CD56-positive) relative to the
entirety of cultured cells remarkably increases by removing CD3-positive cells
and CD34-positive cells. It was also demonstrated that NK cells can be
amplified at high purity by removing CD3-positive cells and CD34-positive
cells, even when the NK cells are amplified from peripheral blood
mononuclear cells collected by apheresis.

[006 9] Conclusion

As clearly understood from the above-mentioned experimental results,
it 1s now possible to prepare a large number of NK cells by removing CD3-
positive cells (T cells) from mononuclear cells derived from peripheral blood.
As shown in the results of this Example, the cells amplified by the method of

the present invention have very high cytotoxic activity. Further, it is now
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the step of removing T cells is implemented by a step of removing CD3- positive cells. 3. The method
according to Claim 1 or 2, comprising a step of: removing hematopoietic progenitor cells from the cell
population. 4. The method according to Claim 3, wherein the step of removing hematopoietic
progenitor cells from the cell population is implemented by a step of removing CD34-positive cells. 5.
The method according to any one of Claims 1 to 4, wherein the medium comprise self serum of the

donor, ABRp&iRla (i paseAte béelvy abuified &V e Hretoreaeesiam§ Rangsbigwealaifs 1 to 5,

wherein  .o115) and CD34-positive cells (hematopoietic progenitor cells) from peripheral

blood mononuclear cells.

[007 0] It had been known that, in the conventional methods for
amplifying NK cells, the cytotoxic activity of the NK cells is low. For example,
Terunuma, H. et al. (Patent Document 1) reported that their NK cells, which
were derived from peripheral blood of healthy volunteers, had a purity of 81.2
%, 130 fold amplification, and cytotoxic activity of 66 % (E:T=3:1). Tanaka, J.
et al. (Patent Document 2) reported that their NK cells, which were derived
from peripheral blood of healthy volunteers, had a purity of 73.4 %, 6268 fold
amplification, and cytotoxic activity of about 55 % (E:T=1:1). Carlens, S. et al.
(Non-patent Document 4) reported that their NK cells, which were derived
from peripheral blood of myeloma patients, had a purity of 55 %, 193 fold
amplification, and cytotoxic activity of 45 % (E:T=1:1). Alici, E. et al. (Non-
patent Document 5) reported that their NK cells, which were derived from
peripheral blood of myeloma patients, had a purity of 65 %, 1625 fold
amplification, and cytotoxic activity of about 10 % (E:T=1:1). Fujisaki, H. et
al. Non-patent Document 6) reported that their NK cells, which were derived
from peripheral blood of healthy volunteers, and which were cultivated with
genetically modified tumor cells as feeder cells, had a purity of 96.8 %, 277
fold amplification, and a maximum cytotoxic activity of about 90 % (E:T=1:1).
Compared with these results, the amplified NK cells according to the present
invention have a purity of about 90 %, 400 fold amplification, and cytotoxic
activity of about 100 % (E:T=1:1). The cytotoxic activity of NK cells obtained
by conventional techniques against K562 cells was up to about 90 % (E:T=1:1)
when the genetically modified tumor cells were used as feeder cells, and 66 %
(E:T=3:1) when no feeder cells were used. The NK cells of the present
invention, in contrast, are amplified without any feeder cells and have the
cytotoxic activity of about 100 % (E:T=1:1). The present invention is
remarkably better than the conventional art, because the NK cells of the

present invention have high cytotoxic activity but no risk of contamination of
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the step of preparing cell population which is comprised of NK cells is implemented by a step of
separating mononuclear cells from blood cells collected from a subject. 7. The method according to
Claim 6, wherein the blood cells are collected from peripheral blood, umbilical cord blood, a bone
marrow anchor a lymph node. 8. The method according to Claim 7, wherein the blood cells are
collected from peripheral blood using apheresis. 9. The method according to any one of Claims 1 to 5,

wherein theeefitpepiltativrilic sraphiekethash. arleetdnekinbhst pafsestidsieeniom Bgréebtonsisting
of:  hemalapRisHEiFiem cals qﬁi%%%%ﬁl\ﬁ@%éf%?ﬂ%??ls? ‘85%%%’9( _Q&IQ{?% )%‘?HP (SIS0

embryonic stem cells, adult stem cells and induced pluripotent stemn cells (iPS ce
purity from collected blood cells.
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hematopoietic stem cells derived from umbilical cord blood; hematopoietic stem cells derived from
peripheral blood; hematopoietic stem cells derived from bone marrow blood; umbilical cord blood
mononuclear cells; and peripheral blood mononuclear cells. 10. A pharmaceutical composition for
adoptive immunotherapy, comprising NK cells prepared by the method according to any one of Claims
1t0 9. 11. The pharmaceutical composition accordinl\g}[to Claim 10, to be used for treating an
infectious disease anchor a cancer. CLAIMS

1. A method for amplifying NK cells, comprising the steps of:

preparing cell population which is comprised of NK cells;

removing T cells from the cell population which i1s comprised of NK
cells; and

after removal of T cells, cultivating the remaining cells in a medium

supplemented with 2500 to 2831 IU/mL of IL-2.

2. The method according to Claim 1, wherein
the step of removing T cells is implemented by a step of removing CD3-

positive cells.

3. The method according to Claim 1 or 2, comprising a step of:

removing hematopoietic progenitor cells from the cell population.

4. The method according to Claim 3, wherein
the step of removing hematopoietic progenitor cells from the cell

population is implemented by a step of removing CD34-positive cells.

5. The method according to any one of Claims 1 to 4, wherein
the medium comprise self serum of the donor, AB-type serum, and/or

serum albumin.
6. The method according to any one of Claims 1 to 5, wherein

the step of preparing cell population which is comprised of NK cells is
implemented by a step of separating mononuclear cells from blood cells

collected from a subject.

7. The method according to Claim 6, wherein
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the blood cells are collected from peripheral blood, umbilical cord blood,

a bone marrow and/or a lymph node.

8. The method according to Claim 7, wherein

the blood cells are collected from peripheral blood using apheresis.

9. The method according to any one of Claims 1 to 5, wherein the cell
population is prepared from at least one kind of cells selected from a group
consisting of:

hematopoietic stem cells derived from any stem cells selected from a
group consisting: embryonic stem cells, adult stem cells and induced
pluripotent stem cells GPS cells);

hematopoietic stem cells derived from umbilical cord blood:;

hematopoietic stem cells derived from peripheral blood;

hematopoietic stem cells derived from bone marrow blood;

umbilical cord blood mononuclear cells; and

peripheral blood mononuclear cells.

10. A pharmaceutical composition for adoptive immunotherapy, comprising

NK cells prepared by the method according to any one of Claims 1 to 9.

11. The pharmaceutical composition according to Claim 10, to be used for

treating an infectious disease and/or a cancer.
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