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Summary . The culture of lymphocytes is usually performed in an incubator at the
atmospheric oxygen concentration (about 20 %). But in vivo lymphocytes exist in an
oxygen concentration of less than 20 9. 1 investigated the effects of various oxygen

. concentrations on lymphokine activated killer (LAK) and natural killer (NK) activities.
The oxygen tension of arterial blood and venous blood are about 90~100 mmHg and 40
mmHg. The cultures were performed at 20 %, 5 %, and 2 % oxygen concentrations using
an N,-O,-CO, incubator, because the dissolved oxygen partial pressure of the culture
medium is about 90 mmHg at 5 9§ oxygen concentration and about 40 mmHg at 2 9§ oxygen
concentration in the incubator. The LAK and NK activities of the lymphocytes that were
cultured with recombinant interleukin 2 (rlL-2) at2 9% or 5 % oxygen concentration for
three days significantly decreased in comparison with those at 20 9% oxygen concentration.
However, there was no difference in cell viability, CD-16 positive/Leu-7 negative cell
population, or IL-2 receptor 8 (IL-2RAB) chain positive cell population between the
lymphocytes of the2 9% oxygen culture and those of the 209 oxygen culture. The
lymphocytes which were once activated with rIL-2 at 20 % oxygen concentration for three
days killed Daudi and K 562 cells under the condition of 2 9§ oxygen concentration to the
same degree as under that of 20 % oxygen concentration. In other words, activated LAK
and NK cells were capable of killing the tumor cells at 2 9§ oxygen concentration, but
oxygen is important for induction and maintenance of LAK and NK activities. Our results
indicate the possibility that high levels of cytotoxic activity can be induced and preserved
in vivo by oxygen supplement with breathing in the patient who receives adoptive im-
munotherapy against malignant tumor.
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2. LAK ERE OB ECRITTBRRBEOPE
SHMrIL-2 A0u/mD & &b IBEE L) v EkD
LAK &M% effector target ratio(E : T ratio) 3 : 1,
10:1,30: 1, 100: 10 4%&CRELIEZS, 5
WHEFEEE T CREE L) v 3Bko LAK EH3, 20%
BAREE T CERE LY v AR~ EDE: T ratio
ERWTHEBRIETFT LT e(P<0.05). i, 2 %
REETCERLLY VB0 LAK FE#E, 5 %HB%E
BETIVHEOLCERLET 2R LE<0.00D
(Fig. 2).
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Fig. 1. Cell viability of cultured peripherial blood
mononuclear cells (PBMC) under oxygen-
limited conditions with rIL-2 (10u/ml) for 7
days. The number of the viable cells was
counted with trypan blue nuclear staining
after pronase treatment. Those PBMC were
cultured at 20% oxygen concentration (-O-)

and 2% (-@-) .

72(P<0.05). 2%MIEBRET THEELLY) v KO
NK &L, 5 %MFEEETID S I HIEEWET 2R
L7(P<0.0D) (Fig. 3.

4. Y vBRRo NK Ml s MRRE ORE

0u/mlorll-2 & &b 3 HEBEEL Y v 4B
o NK il e fET 57, V) v BkEED CD 16
& Leu 7HIRE®D two color H#T &7 - IR T, 2%
BLO5 UBRBETCTHEELLY v HFRoDCD16
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o fz(Table 1).

5. IL-2Rf3 S4B M MRS & IL-2RB SHEH B I RIE
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Fig. 2. Induction of LAK activity in oxygen-limited conditions in continuous culture
with rIL-2 (10u/ml) for three days. ®!Cr-labeled Daudi cells were used as a
target cell for LAK activity assay. A constant number of 10* 5'Cr-labeled
target cells (0.1ml) were incubated with various number of effector cells (0.
1ml) in the round-bottom 96-well plates at the E: T ratio of 3:1,10:1,30:1,
and 100: 1. Those cultures in triplicate were performed at 37C in the
humidified incubator for 5 h. The PBMC were cultured for three days at 20%
oxygen concentration (-O-) and 5% (-@-) in the left figure, and at 20% oxygen
concentration (-O-) and 2% (-@-) in the right figure.
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Fig. 3. Induction of NK activity in oxygen-limited conditions in continuous culture
with rIL-2 (10u/ml) for 3 days. K562 cells were used as a target cell. The
PBMC were cultured for three days at 209% oxygen concentration (-O-) and
5% (-@-) in the left figure, and at 209% oxygen concentration (-O-) and 2%

(-@-) in the right figure.
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Table 1. The number of NK cells in cultured lymphocytes under oxygen-limited conditions

Leu-7(—) Leu-7(+) Leu-7(-) Leu-7(+)
CD-16(—) CD-16(—) CD-16(+) CD-16(+)
220% 76.6+5.2% 7.4+0.8% 7.1£2.1% 8.9+2.4%
5% 74.8+4.7% 9.3+1.3% 8.6+1.1% 7.3£1.8%
Leu-7(—) Leu-7(+) Leu-7(—) Leu-7(+)
CD-16(—) CD-16(—) CD-16(+) CD-16(+)
220% 77.0+4.0% 8.1+3.5% 6.5+1.1% 8.5+4.7%
2% 75.8+4.8% 9.8+3.3% 8.4+3.1% 6.0+2.7%
The lymphocytes were cultured with rIL-2 (10u/ml) for three days at 220%, *5%, and 2% oxygen

concentrations.
4The surface Leu-7 positive (+) or negative (—) lymphocytes and CD-16 positive (+) or negative
(=) lymphocytes were investigated by two color analysis.

220%0 2960
COUNT oo COUNT o
500 ; 508
400 480
300 308
°Control
200 : 200
160 189
B [ 7} pasa-ty.
@ 50 198 158 200 250 8 50 100 158 200 250
GR-FL LOG GR-FL LOG
COUNT COUNT
500 500
400 400
qL-2Rg 300 300
(MiK-4 1)
200 200
100 100 \
\l,“_ : ) . !
P 50 190 150 208 250 9 50 1e0@ 150 200 250
GR-FL LOG GR-FL LOG
e[L-2 RB* cells 6.240.7% 6.9+1.7%
Fluorescence
intensity 37.9+6.4 38.6+4.3

Fig. 4. The expression of surface IL-2R B chain on lymphocytes cultured under
oxygen-limited conditions. IL-2R B chain on surface of the lymphocytes that
were cultured at 209 and 2% oxygen concentrations with rIL-2 (10u/ml) .
for two days, were analyzed by the MiK-# 1 antibody with flow microfluoro-
metry (FMF) .
°Non specific fluorescence (only FITC-conjugated anti mouse IgG antibody) .
dSpecific fluorescence (anti IL-2R 8 chain antibody (MiK-8 1) and FITC-
conjugated anti mouse IgG antibody) .
¢Percent of IL-2R A chain positive lymphocyte.
Fluorescence intensity of lymphocyte surface IL-2R £ chain.
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8. IL- 2 BB » LAK iEiE, NKIEH~OHMERE
EogE

5 HiE 20 YRFERETFTT10u/ml DrIL-2 & &b
HELLY) VARZBECBEOCRED rIL-2 & CH
FIML, LItk 20 UBRBE T & 2 BHBHRBE T T
B LC, BEEEBMAS, 6, 8, 10 HEw LAK &k
KIONK E-EORER E T ratio 30 : 1 TfFwic s
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Fig. 5. Kinetics of LAK and NK activities at the E: T ratio of 30: 1 in oxygen-limited conditions in

continuous culture with rIL-2 (10u/ml) .

The LAK activities of PBMC cultured at 209%

oxygen concentration (-O-) and 2% (-@-) in the left figure, and the NK activities at 20%
oxygen concentration (-O-) and 2% (-@-) in the right figure were investigated on 0, 1, 3, 5,

and 7 days.
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Fig. 6. Measurement of LAK cell-mediated lysis under conditions of oxygen limitation. The
LAK activities of the PBMC which were cultured at 209% oxygen concentration with
rIL-2 (10u/ml) for three days, were measured at 20% oxygen concentration (-O-)
and 5% (-@-) in the incubator in the left figure, and at 209 oxygen concentration

(-O-) and 2% (-@-) in the incubator in the right figure.
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Fig. 7. Measurement of NK cell-mediated lysis under conditions of oxygen limitation. The
NK activities of the PBMC which were cultured at 209 oxygen concentration with
rIL-2 (10u/ml) for three days, were measured at 20% oxygen concentration (-O-)
and 5% (-@-) in the incubator in the left figure, and at 209% oxygen concentration

(-O-) and 2% (-@-) in the incubator in the right figure.



AR Dlymphokine activated killer (LAK),

natural killer (NK){E#IZ 3 X 13T E

LAK activity
1001 0 20%0,
® 2%0,
o 80 IL-2(10U/mg)
3
2
L 601 *
+ 40}
§ *%
]
a
201 sokok
’l 1 1 ]
5 6 8 10
Day

*P <0.005, **P <0.001, ***P <0.0005

(17)
NK activity
100 0 20%0,
® 2%0,
| 1L-2(10U/md)
g 80r
3
[
Qo 60} N
£ 40f
8 *
33 0l
o
201
k%
1 | 1 |
5 6 8 10

Day
*P <0.05, kP <0.0005

Fig. 8. Kinetics of LAK and NK activities of the PBMC at the E: T ratio of 30: 1, which were
cultured with rIL-2 (10u/ml) for 5 days at 20% oxygen concentration and then restimulated
with rIL-2 (10u/ml) under oxygen-limited conditions. LAK activities of restimulated PBMC
at 20% oxygen concentration (-O-) and 2% (-@-) in the left figure, and NK activities at
20% oxygen concentration (-O-) and 2% (-@-) in the right figure were measured by *'Cr

release assay.
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(NCTC 929 & b B E Mtk (NCTC 1469) 7z &
O MBI REA 3 510—T7, K&RF LV ECEBRREE
TOEETIIAKFOMBEE T L Y b African green
monkey kidney cell(Vero cell, CCL-81)% human
diploid cell(WI-38) D #ifatiE» & AL ie s L Edh
nTW B9 @mE LAK iEkE, NK &M O FELEIE X
KEHFOBMBRE T CTbhTWw5h, EEE, £HERN
TRARKHFICHEAEVCBRRRE TIC) v BRkhikhhT
WHZEIERL, BRBEYEANEEUE&HFILT
LAK 75 NK iEH, X bidsZMEEEEN L
DX BRI TEON R L

BEOERCIE, IL- 2 ©LAK E#, NK EvHE
THBEE, 5B FIL2 BHBRBEE T THETLHLE Y V
Bk LAK &M%, NK G 20 BEAREE T oEEL
7o) VoERICHAEL, BRANBETH 2 UBREBET
T LAK &%, NKESOZEBRETHRALRL. i,

) v SERE 20 BEAREE T oRE L LAK &%, NK &
MR FHE LB TIHMERRRE T b ESMax5E
L7c. 2L, Z0V vAE8R%E &L IERFRETHESE
FT5H LRI LAK &1, NK {E-IMETF L. 8157
% &, BRI X LAK 1%, NK G0 FE & R E
BETHo e, EEL & hic LAK Ml NK il X 3
MRGEFACIELYRIEE i ote. Ehice T
SRR 5 PUEE LR O Tk 2 URRRE T T
1%, 20 BEARIRE T Ot L L7 Y v BRI ~EEE
HIEBEEMEETH - 2. Do, BE0ET
TR D 7 v b 2 — LV TIAERR TOBRREEN KK
X D AR e DT G I HUEE SR IR S T TR
BEMELRD D &L, BFMERELT S BICERNT
LAK &, NK{EMHZZIER X K BEMERT 2 Dl
BRBENEDLDTEETHH I EETRELTWS. L
Tehio T, JERECETREREYT S RICBRRERE Y
PR LTRSS oMK S EL B, KKFOBE
DECESTAHZ X o T hEW LAK &M, NK
EUELFE, HERFIhBTFREREOSREED > BF
REMEAVRIZ X Ite.

W BB R ORI E DK T 23 7o LAK &
NK EHEDETZE e E WO ETHHR, T, )V v
NIROEFROETICL 5 b O0EE LTSI



(18) VNI

501
020%0,
Q 40 ® 2%0,
)
3
o
0 30
=
g
&
» 20F
&
3]
[}
o 10
% sk *%
3:1 10:1 30:1 100:1
E: T ratio

* P <0.001, *3%P<0.0005

Fig. 9. Cytotoxicity of IL-2 induced PBMC under
conditions of oxygen limitation against Alex-
ander cells. Cytotoxic activity of the PBMC
cultured with rIL-2 (10u/ml) for three days
at 20% oxygen concentration (-O-) and 2%

(-®-) , was measured with 3%Cr-labeled
Alexander cells as a target cell.
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THENAEETRET 572090 v %D CD16 &
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BlEo & 5 EMREE TH53 © LAK #ifs, NK M
FOMBEGEEEIMETT5 25 = A 23 BTHTH
B30, WS ONDTEERE LS. TTHE—IT
hydroxyl radical(sOH) DFHEX]®, 7 F % F vER{UH
o lipoxygenase DFHEHFNIC X b NK #ifzo fifagE
PHIFl &R B L XD, - OH BNEEND 5\ lipox-
ygenase I X AW E XN L UESEMRELYEEL TV
BEVhbR T2, KIBREE T coiE NK
MREERRYEET w47« OH - T
Wit ERE L BRI A.

g, NK Mgz —7 2 ) v & Li$h 3EZ 150-
170 A o R A R M BRsR I 1 L, Ml k S C
FOMBEEYHET S 2 L AVRBENCTHE D BT
3200, MERENKTICL » T NK B TD -7
) VOEENEEIR, NKEEMETT5TEMES
Ezbhb.

B=r, MREBEEEYEL D=3 F —RFhc
BENLETHHI L ENELLNS.

BlE, Z0MtAd =X A3 BARETHDH, B
FREOETNY V8o LAK {Ei#E, NKEEOET
EHEEBSROBBREBL CEEWALMIC L. 2O
B3, BEREOHBACIARMEBRTOBRFEEE
(30~60 mmHg)?2% k&, + O B 5 & (150 mmHg)
CESHBE LI -, BTFREEEOYREED S
BAREMETRBT 5 DTH 5.

s Ei]

BEIBETREREODRCHEYRIETRTLELT
BARBE IR L, SRR Y v B0 LAK EH, NK &k
75 b ONC I M 3 % SR R TUE B S w RUE T
BREEOEE OV LR, DToo L &k
wEE.

1) ANEARERE @ik : 5 %, Bk 2 %) FT
DIL-21X %Y V3o LAK G, NKiEEOFE
2, 20 BBRBEETEHALME T LA —F, 20
UFERETCIL- 2 ¥ X » CT— BB WESE R B2
LAK #ifia, NK il X »EEMaoBEE T4ER
BMEEETCB L COEELSZ T b,



AR 2 EE o lymphokine activated killer (LAK),

natural killer (NK)#E#:IC % L34 5E

2) HEAEABEEE T T LAK &, NKEk3+451
FEINTeh - RERRIEOWTIL, Vv Bk, NK #ika
B, VvoEREELED IL-2RE S50 R EBLA 20 B AR
ETEEbbhhofel &k, Dind &b Miakon
PRIL-2 v 7% —DRBOETICL S DTk
tE zbhile.

D 2WUHBERETCIL-21LsTY v AHD
LAK fE#:, NKESEXBHELE, 35120 BBEE
ETTIL-2 cCHEIB LAY v ARZZ0%, &\
LAK 5, NK ERETHER Licowst L, SAenmaE
ETFTIL-2 CTEM# L) v < BRITEAE I LAK i
#, NKElZER- 7.

4 V)V EROFHEMR T 5 IR RNTUERE
DFEX, 20 BBRFEE T LN, SENBRRRETC
HMET LT :

5) KEEREBE T CE 20 BMREE FITIX, Vv
koo LAK &M, NK G4, JRRNTIEEEE OFE I
TS TC—EFEI REEEEE I o te. B
rohboERE, BEFREOHEICI ) REESFO
BESELY EFRE, ) v BROREBEE Y EDET
REREOMREHERL 5 5N ETRT 530 TH
5.

TEkbsehic, HisE, HRMEEE - edHF IE
BRWCFEE e ARBEAET S L L b, B, #HBE
0 & LR BT O R BRI IS
LET. FloES, #EEuirE: LoRIRERRE
il s s Ldie, HPEVLEEELLEF &
BB REH L E T, T, KA, BRIV EEL
788 3 ARIFBE OB LIRH OB LERL T
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