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B. Method to Specifically Expand NK Cells

median transduction efficiency
70.0 % (40.4% - 91.4%)

Figure 1. Method for expansion and
genetic modification of human primary
natural killer cells.

1A%, NKAROEEREZ 7 b L, T
MildZ B RICBRET DI~ 7Ry b E
— X2 X% CD3 Bt E 2170, 51 & i
EL bR UALRAICLLBEREFEAICHL
72o =T AL Retronection (Takara Shuzo)
DAFAE T TV, 24 K82 ISR 2 e L,

B R(RPMIL640 + 10%FCS)ZEE L, O
B STz, IR oEEIL, mHED
IL-2 (1000 B{7/ml) OIFFEF TITVN, K528
W75 14 H AR BEREARAT L 72,

IL-2 #F5]

AR YA b A el MR YR
FHFZE (CALTAG). Brefeldin A (Sigma), 7
v Mtk b IL-2 Hifl (CALTAG) & H .,
FACSCalibur (BD). CellQuest Pro software %
IO THRNT LT, BRI IL-2 OERITI
ELISA (BioSource Europe) % HV 7z,

A 2T

A e B T P VX BE R I eV (Imai C, et al.
Blood 2005), 7 m—H% A F A MU —ZH\T
1T72o72, 96 U=/ U R K ADOKEHRT L —
MZ 2 x 10° > K562 B8 [ sk fA
B D VNEE O [ A aE 2 i & ARkx
7¢ Effector : Target Ratio (E/T ratio) T1772 - 7=,
RHIMERICEL DT v/ TiE. 77 v bR
FADEERT L — N EHAWT TR o2, FER
O HMIZIS U T, NK ML IL-2 /77 F T’
ATE THIZE, B2 VT IL-2 ZFRER 72 FEH
DIRFRTHEM S, FERY =L ~D IL-2 D
carry over DFfIED 7= NK e L1755
L T/ 5 seeding L7z,

THFN— AT vtg

7R b= 2AOMHIZIE, PE#EA Annexin-V
(CALTAG) & 7-AAD (BD)& HW T, #i&Ec
DOHELES 2 BT o T2,

Tricistronic vector D /E#
3FHORRLBARTFRIRDOTD, ThEh
DB 77 7 A ~% Internal ribosomala
entry site (IRES) 35 X O* foot and mouth disease
virus (FMDV) -2A sequence |2 L VIRTHZ
EIZED, 1 DOXRT Z =D 3 B THHE
BTk oics¥ A4 Lz, 7 &2 —1EfC
T EEOEHR O T L <, splice by
overlapping extension (SOE) & IE[Z#15 PCR
1ET, BRICHIREER I A AT
AT 7o MER L7238 8L &~ B IE MSCV
7 Z—\ZEEAF O HIREER YA ~ & HW T
ALTzy TRTDTFZ TR NDX T VAT
REF XA VI hor—r o 7D
flERd L7z,

4. WF7ERE

NK e D (ESF L g & 78 (s 13 55

NK #faOEfF 2R3 2% & PRI D IRF
HEE o e LT, IL-2, IL-7, IL-15 %
BN, TNOORART X —5ERL, U
VEF U RNUANNADOTELET L, Ly
L. &&BETHDIIREICHERE LIZGA
WISBEICERA & U CHRIGH S TWB IL-2




EHWLZ ERRbITEEEbRbsZ b, &
TR B R OHEATEE & OFHEE )G | IL-2
BERFICRE L CTHEMARRFNZITI 2 &1
g Uz, BESEDHFEIC L0 &V (99.5%
PLE) @ NK A O RS HEIE G B v, HEilE
L 7= NK #ifiix NCRp30, p44, p46, NKG2D,
2B4 72 EOIEME L R AERZ @B L T
(Figure 2)

Figure 2. Immunophenotyping of genetically
modified NK cells with human interleukin-2 cDNA.
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exogenous IL-2 (1000 U/mL). After at least 14 days of expansion, e
more than 99.5% of the cells had a phenoty pe of CD3-CD56+. 2 ,
Expression profiles of activating receptors and cytotoxic molecules o 3 99.9%
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Figure 3. Intracellular expression of interleukin (IL)-2 after hiL-2 c DNA
transfer into primary NK cells. Peripheral blood mononuclear cells obtained from healthy
individuals were stimulated with K562-mb15-41BBL cells and were transduced with a retrovral v ector
which co-expressed human interleukin(IL)-2 and green fluorescent protein (GFP) as a marker (NK-gIL2).
Control cells were transduced with empty vector and expressed only GFP (NK-mock). In both of control
NK cells (NK-mock) and NK cells genetically modfied to express IL-2 (NK-gIL2), highly efficient
transduction were achiev ed. Intracelluler staining with an anti-hiL2 monoclonal antibody showed
intracelluler expression of IL-2 in NK-gIL2, not in NK-mock.
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Figure 4. Significant but relatively low levels of IL-2 secretion. NK-giL2 (3 x 10°
cells/mL) were propagated in RPMI1640 medium containing 10%FCS and antibiotics. After 24 hours,
culture supernatants were harv ested and stored at -80°C. The levels of human IL-2 were determined
using a commercially available ELISA ki (IL-2 EASIA, BioSource Europe S.A., Nivelles, Belgium).
Amount of secreted IL-2 was signficantly higher in NK-giL2 than in NK-mock in independent experiments
using independent donors. The secreted IL-2 in NK-gIL2 were only 1.3 0.5 Units/10° cells/24 hours.
Thus, it was assumed that irfusion of 10%cells per body will result in secretion of only 0.01 million U 1L-2
per day, which is much less than the dose of rhiL-2 i the clinical settings (.g. 1.75 million U/m2/day)
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Figure 5. 4-hour cytotoxicity assay. Genetically modified NK cells were
propagated in the presence of IL-2 (1000U/mL). Cytotoxicity against NK-sensitive my eloid
leukemia cell line K562 in 4-hour was measured in NK-gIL2 and NK-mock at a relati ely low
effector : target (E/T) ratio. Comparable killing rates were observed.
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Figure 6. The greater anti-leukemic activity of NK cells transduced with hiL-
2 cDNAin along-term culture assay. The antileukemic activity of hiL2-transduced NK cells
was assessed in 7-day cultures using lower E:T ratios. Briefly, 2x 10°K562 cells were plated on a 96-well
tissue cuture plate. After extensive washing to remov e residual IL-2-containing medium, NK cells were
added to the wells at lower E:T ratios. Plates were incubated in a standard condition for 7 days. Cells were
harvested and assay ed by flow cytometry. Signficantly lower number of K562 leukemic cells were

recov ered at E/T ratio of 1:1 and 0.5:1, indicating a greater anti-leukemic activity of NK-gIL2 in a long term

BAA 102 NK flifld (NKgIL2) OEALEE,
A R B 5V 1 o0 I E BT @ exogenous IL-2
withdrawal 128V X HIZBAE L /o7, IL-2
FETFAE T C 72 BER B2 U 7= NKHIfL TRt %
1772 o7= & 2 A, NKgIL2 [ ZHIfkE =R %
HEFFL TS, =2 e —/L NK fipa
(NK-mock) TIEFH2eEETRMHEOIKT 258
Wiz (82.9+1.1% vs 30.9+4.1%. E/T £t 1:1)
(Figure 7A), & HIT, [AEROATLE 2 L7z
NK#fT7 A D K562 & D558 247729
L., v br—/L NK #ifa (NK-mock) Tl



E/T k1 : 1 TEEIC K562 i ia o Haml ) 5h 5
NELALENR R, ZOEITHAETH-
7= (Figure 7B),

A —— NK-mock| 8 B NK-mock
—— NK-glL 2 B NK-glL2

100% ?120%
£100%
80% 8
£ 80w
= 60% s .
2 s 60%
§ o 3 a0
- 20w £ 204 <%
0% s 0%
1 05 025 013
B/T ratio E/T ratio

Figure 7. Significantly higher Killing efficiency against K562 cells in NK cells
transduced with hIL2 ¢ DNA after conditioned in the absence of exogenous IL-2
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Figure 8. Low levels of secreted IL-2 in a autocrine/paracrine fashion protects

NK cells from apoptosis induced by IL-2 withdrawal. NK-gIL2 cells, propagated in the
presence of rhiL-2 (1000 UML), were washed thrice, suspended in a medium lacking exogenous rhiL.2, and
cultured in an incubator. After 72-hour culture, the cells were stained with Annexin-V-PE and 7AAD and
analy zed using a FACSCalibur flow cy tometer. In control experiments using NK-mock cells, more than hal of
the cells led to apoptosis. Howev er, in NK-gIL2, apoptotic rates were comparable to those in culture of NK-
mock with L2, that low levels of secretion of IL-2 in an autocrine or
paracrine fashion would be enough for suppressing cytokine-withdrawal apoptosis.
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Figure 9. hiL-2 gene transfer into primary NK cells prolongs survival in the
absence of exogenous IL-2. NK-gIL2 cells, propagated in the presence of rhiL-2 (1000 U/mL),
were washed thrice, suspended in a medium lacking exogenous rhiL2, seeded in a 96-well culture plate
at a cell density of 2x 10 cells/mL. After 7-day culture, the cells were harv ested and analy zed as to cell
number and viability. NK-gIL2 cells showed at least 100% (of input cell number) recov ery . In contrast,
only modest number of viable cells were observed in control experiments using NK-mock cells.
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Il <tz (Figure 10),
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Figure 10. Protection from activation-induced cell death by hIL-2 gene transfer into primary
NK cells . NK cells were transduced with hiL-2cDNA and propagatedin an IL-2 supplemented medium (IL-2 1000U/mL). After
extensive washing, NK cells were plated onto a 96-well tissue culture plate with round bottom and c ultured with K562 cells at ET
ratio of 2:1in the absence of exogenous IL-2. After 72 hours, in both NK-gIL2 and NK-mock K562 cells were completely eradic ated.
The residual NK cells were analys ed using flow cytometer for the FSC/SSC profiles and an apoptotic phenotype. In NK-gIL2, r esidual
NK cells had a broader F SC/SSC value, atypical pt ype of activated In addition, we observed
muchless apoptosis in the residual NK-gIL2 cells thanin NK-mock, implying that hiL-2 cDNA transfer rendered N K cells resistant to
post-activation apoptosis

—Ji. @v br—/L NK MildiZiT % AICD
IHIZ1E 100 U/mL FJE @ exogenous TL-2 #s /0
DWEETZ 57 (Figure 11),
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NK-mock NK-mock NK-gIL2
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Figure 11. Requirement of relatively high dose exogenous IL-2 for mock-transduced NK cells

to achieve protection from activation-induced cell death with equivalent rates compared to

NK-gIL2. Apoptotic cell rates were analyzed after 72-hour coclture with K562 cells in control NK cells supplemented with a various
concentration of exogenous IL-2. T he protocols for these experiments were identical to those describedin the legend for Figure 9
exceptfor exogenous IL-2 supplementation. T he rates of viable cell fractions were marked with a bold, green-color ed circles in each
experiments . As shown in the figure, exogenous s upplementation of high dose (>100 U/mL) IL-2 wier e required to Suppress post-
activation cell death and sustain NK cell viability after killing of K562. T hese data suggested that dosage of rhiL-2 used in the clinical
setting might not be enough for s ustaining function and viability of ex vivo activated NK cells after infusion into cancerfleukemia
patients.
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