Effects of Methotrexate on Natural Killer Cell
Activity in Vitro and in Vivo
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Methotrexate ¢ in vitro X 1N in vivo (25115
natural killer {F1I12 RIT§ B2

FRAFEFIARFFE (R 50 A5
®F  F 0¥
(WEFN624F 2 H13H 2 1)

Methotrexate (MTX)® in vitro & U in vivo natural killer (NK) 7&H B3+ 2% % RETL 72,
EFERA L D RKMBMEMRE (peripheral blood mononuclear cells, PBMNCs) %438 L, recombinant
interleukin 2 (rIL 2) (25 U/ml) & 48 BERIESEM, B2 OBE (100°M~10°M) © MTX iz, &
I 24 FRHIE TR K562 #RlE 2 HEAMiE & L ¢, 4 8§ 'Cr release #512 & - T NK B4 HIE L 2. MTX
10 MEINL 2Bz, NK BRI B L AT OB X /-, PBMNCs 2 ERIMEBTo ¥ v b 2K =+,
THUEE U non-T MRAICTBEL, FISC AR E LEHEO NKEELRAIE L7/, THESETI
MTX (10-*M) ¥RI0BED NK &M, FRRIBEE i L CHECHML 7225, non-T HMSETIIEE
EREH s of:, B T #lgeREICHESER, 827 0— 2 H{f Leuw7, OK-NK (Leu-11) & #fkT
MBE L, effector cell level THRRATL 7243, Leu-11 & #AMIRIC & b NK IS EBHICEAL, MTX i©
T oWMHMB LR L, EX D MTX 1243 NK IEHHEEICIE B Lew 11 MBS L T0 2 2 &
Mo -7z X, HL-60 i % Fi#ME & U T lymphokine-activated killer iM% HIE L 7248, MTX i
L HEHOBBER D s n b ok, W ILRADEBID Y >/ BRHEBIH & O non-Hodgkin U > /&
ORECHET L 7KE MTX #ik (2000 mg/m?) fitkic 510 2 NKEW, U o5k 72y b OELER
FLi, MTX #5RTHEE, OPBERZI0SM~3 X10*M $TERL, NKEEZEBETLD LR
DL T, Ll LeuT KU Lew-11* MO EI & GAENINIZEINL TE D, MTX K4 TH2 2 L8
TRaNl, LEOREEL 0, NKEEZ Y OEFRRERREEBICRIET MTX OS82 #A~L Z L 3E
BThzrEzonhi.

Key words methotrexate, interleukin 2, natural killer, lymphokine-activated
killer, high-dose methotrexate therapy, malignancy

WNEFHRE B 2 BEEEO T TR, HE - B Grimm 592 & > TH#E18 & 1, recombinant inter-
WY CENRLEL, TORED:DICEEIES leukin2 (rIL2)TFEHETFTIHMEET 2 Z 1250,
DBEAEANT WS, —7, natural killer (NK) #ilf ECOBEMNERE L& 7z NK kST o S EEE
s, UERRE 2 L & ¥ ¢, major histo- Mg s GETs Lo MEER TH D, BETH
compatibility complex (MHC) K &3z, b adoptive immunotherapy® & L TEEERIZ & G &4
SEOEBEMICEEEEE R TH Y, HEE BEOWn o, ZOLIRRENS, BREIEAO
I BT 2BV Y A L R RN T B SR NK R U LAK I RIT T 3 A2 a3 5 2 L 3 E
HEBEO—-RBErfHoTwnarEZNTW 2, Y, HThH, +TC ’%%’Jﬁ\(])%}‘d: H A5 B,
lymphokine-activated killer (LAK) #0 J1 & i1, Matheson % i in vitro 1231} % NK &4 metho-

Abbreviations: FBS, fetal bovine serum:; FITC, fluorescein isothiocyanate: LAK,
lymphokine-activated killer ; MTX, methotrexate ; NK, natural killer ; PBMNCs, peripher-
al blood mononuclear cells; PBS, phosphate- buffered saline ; PE, phycoerythrin ; rIL 2,
recombinant interleukin 2 ; rIFN-y, recombinant interferon-y ; SRBCs, sheep red blood cells
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trexate (MTX) IC X DB INFLEFWEL TL
o MTX ERgER IS T 2 5UER L LT
EEICHERA SN TOL A ERO--2TH Y, leucovorin
(folinic acid) rescue FiEEAIZ LD, KE MTX #
EMARE L e o7z, REFETIE, in vitro 25 W,

.ﬁ,@c)\*mqﬁﬂﬁﬁlﬁﬁwf, MTK © NK K& O
LAK BB RIFTHELMAT A L L LI, TL2E
EERHOPAME R UEME Y » SERBIMITLZKE
MTX #ikEaithic 8 2 NKMlgo &1k, 8% in
vivo NK /WSS ICRIZ T8RRI L 72, v, NK#
o EE~—h— 2B 228D ES,
NK #HiZ D hetemgenelty‘s’fﬁﬂ)ﬂ Sz &4, LAK#i
e OBREO L ELEREINTLDL, Lo LEDHR
@ NK subsets & # 0)%% BRI & OB & 72785
oz s TRy, AL T, NKiilgo
heterogeneity & MTX (2% ¥ 5 KIS D HEIZ DL
THIRF L 72,

St&RB & UAHE
I.in vitro 2135 MTX O NKEMHCRITT
BEEIIo0T
. RIBILHALERO 57

f&i)ﬁ& BRAEFR (HEE 24~36 ) £ ) RigERIRm %
~oN ) R %, Ficoll-Hypaque (Lymphoprep,
Nyegaard, Oslo, Norwa‘y (bb#E 1.077) HE&.GIE
(400x g, 30 4%) 12 kD HUZERA ML 72, BUEERG
phosphate-buffered saline (PBS, pH 7.2) T 2[El#%
% 10%3EEL fetal bovine serum (FBS, GIBCO,
Grand Island, NY) &% RPMI1640 (GIBCO) Ks#
# (10% FBS/RPMI1640) (i3 & 72, R THliflg
GX105/ml) 2#ERB6ecm D 7 7 A Fv 7 v y—L
(Falcon, Oxnard, CA) IZ#faL, 37°C, 5% CO,, i
HF T 2 REREE R, JE (T WK (peripheral
blood mononuclear cells, PBMNCs) ##%, 200xg,
5 o}l O 1 A 85 T, 108 109% FBS/RPMIT640
WIS 7,

2. T Ktf non-T #HE WD 53

neuraminidase (Behringwerke AG, Marburg, W.
Germany) JLELEARINER (sheep red blood cells,
SRBCs, HAEYM L v ¥ —, Ha) % 2 X10%/ml
AEEL, 1 x107/mliz@#%E L 72 PBMNCs, KU
SRBCs WX FBS &, &% BAE#T L 72, 200X g, 5
SHEELE, 4°C T30 AMBEL oLy 2K
%4, Ficoll-Hypaque JLE &R LikIZ L D o2y MEEK
Mg e o€y b IR TR L Fo, BET 3
SRBCs (3 0.83% b ) AR T > & =7 LEW
(pH 7.3) T5 HMREM & &, MoME & b PBS T2

P L 1. F D% 10% FBS/RPMIL640 (23 X 2,
oYy b RTS8 A T #ilg s (EY), o¥vy b
RS % non-T Mg #+@ (E-) & L7z,
3 . Effector fifgo e
#ift 27 MTX (Dr. B. Chabner, NIH X W &
L) % RPMIL640 TH2XOBEICHRL (BREE
107" M~10-° M), PBMNCs, T i, non-T #ifEIE
FEIZERINL 72 (RREE 2 x105/ml), REENR
eIl 2 (S, KER) B0v i recombinant inter-
feron-y (rIFN-y) (WFOFRE, HR) % SHEIRE-FHE
HYRE S TURIL 72,
4. NKEMHERU LAK B0 #lE
NK EHEOER (target) fIIRE L T, & b RATKE
MR H kYT H 5 Ko62 #ilfE & *Cr (Na* Cr0,, 1
mCi/ml, New England Nuclear, Boston, MA) T %
N, 1 X103/ ml B L AL 72, effector #l
f, target MifE % & %0.1ml (E:T=20:1) % 96
FAER~ 1 7071 —b (Falcon) i triplicate T
SHEL, 200Xg, 553RE.0#, 37°C 5% CO, BHT
TAWMREREL, 20% BB & H S 0.1 ml B
, SCr i & % auto well gamma counter ARC-
501 (7 w7, HE) IZTHEL /2. % cytotoxicity #
FHROKR L ORD NKEHEOHEIE L L7z %cyto-
toxicity= {cpm (experimental) —cpm (sponta-
neous) /cpm (maximum) —cpm (spontaneous) } X
100 : maximum release |4 target Hifgic 1 % Triton
AT OSCri i 2 % 8 L, spotaneous
release | 3IEFIED A % M A 1B D target #ALD $'Cr
BARHE TH 2, LAK @S P target §110 & L T
NK it {5 M2 T & 2 AiTE&E 14 1 [ B 3k O HL-60
Hild %O, EiE L FROETIE L 2.
5. 74 v — 2B R EARY
effector #f Jf1 » target # }E % [& 13(‘7[1’: HL (&2
2 X10%/ml OEET0.1ml), 150Xg T 5 O
%, 37°C 5% CO, Wi KT 10 pigkE L 12, 20k
L RET, HlEr v P EARRY =L ENYy P A
OB L, 0.5%7 %' u— A RPMI1640 ¥
A ACCIZERE LA MIBE A5 4 PSR
@L, target AIFLIZHE A L Tur 4 effector SO HIn
MG % TR TR D7,
6. U NERY Ty bl
unfractioned, T X 0¥ non-T HilEsTEN 0> Y > 2 8Bk
+ 7 2wy b % T RO fluorescein  isothiocyanate
(FITC) #3587 o — ‘/mﬁi%ﬁ]t YIZEBE R ORISR
FERRGETRENTL 12, B2 o — > Hifkid OKT3 (CD3,
pan T), OKTI11 (CD2, SRBC receptor), OKM1
(CD11, C3bi receptor), (LAt Ortho Diagnostic
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System Inc. Westwood, MA) KU, Leu-7, Leu-lla
(CD16, Fc receptor), HLA-DR (Ia) (P4t Becton-
Dickinson, Mountain View, CA) Z{#ERL7z. &M
fRdPER (2 X10°/ml) 0.1ml & 7 o — > ik
2~5ul Nz, 4°C30 8B PBS € 1 BE¥k#
%, EABHEMEREE L -7 O~ P A—F—
Ortho Spectrum Il (Ortho Diagnostic System) #*
AOTHIEL .

7. B2 o— ke ke A iEsRE e
BEIZL 3 ) VI ABRERORS

Hyo—rhElk, BESEEEEEL Twv3 Leu?
& U OK-NK (Leu-11b) (CD16) (Ortho Diagnostic
System) 2R L7z, 1 X107/mlicFBEL Y /8K
BHERICE 7 o - ke 1/200 0F& Mz, 4°C
30 HERE L 2%, RPMI1640 T 2 @EkiEL, FER
RINE ZHBZERD 1/4 DEISTMZ, Bz 37°C 1
R RG & ® 72, B U RPMI1640 T 2 BI¥E#EH%, 0.2%
FURYTA—BRERICLDEMBEEESRL, 10%
FBS/RPMI1640 12 2 X 10°/ml DEREE TiEHE S ¥ 72,

II. In vivo (28115 MTX o NKEMH I RIFTE

gont

1. R

SRRFEPEBUCAR L 72V oS BREAMBR R U
non-Hodgkin V > S[EDRIE 118 (F#1~15F,
HAE 7, Z4) T, AN MBEFENCELERTT
b, HHFEEO—DE L TMTX XE&HE (2000
mg/m?) EHMTLEGlENRE Lz, MTX &—&E
D70 b T—NIfED, TR FIRE 2000 mg/m?%
2400 ml/m? YV V) ¥ T3500ml £ £ © > 20 ml B %
WYERRL, 24 R CARIRE L 2o, BER T 12 B
# & D, leucovorin 30 mg/m? ¥ 6 B 7 [EERHE
U7z, RASIIE MTX {RFRRT, 24 BRI 8 R TR
BUHET 48 RERMRICERER L, BER 2 BEL 72, o>
bo—ne LT, AREICE—RA LS EH) &9
SRABIL 2 FEXL 7z,

2. FABMEFERTBER U NK S HAIE

ATEC & F#kiz PBMNCs % 938 L /- %%, effector #fi
fae LTHEBL, NKEEOEOHEZE L LT, % of
control 2 FEDH &L VK7,
% of control= {% cytotoxicity (patient)/
% cytotoxicity (control) } X100

3. MTX hEMRICB Y 2MlEEE~—» —DF
1k

MTX 58 O BRRMEMEREUE Thoma 5HER
EFRWTEEL, REMMY >/ SEREUS MR B EAE
AEREHL, AMNRESFELOEHL - HlEREH~—
#—DHEIZ FITC & Leu-7, Leu-1la, OKTI11 #

7o—rHEERoRERREENREC Lo, KR
D SERBUCHIRBGEEROBE 2 'Y 2 Z L2k
D, HEBHHEROREEEEH L, —Efic-
&, Phycoerythrin (PE) T#E#L 7 OKT11 &, FITC
1% Leu-11a # vy, Spectrum IR U DS-1 pro-
gram (Ortho Diagnostic System) & CTRTLREILEH
R % f&Af L 7z,

II. #EEt&04LIE

NK B U LAK #IFiE M D W TOHEREICE L
T, Student t-test b L < i paired t-test ZF\>, &
TS RLUTA2EEEDD LHEL .

1514 #

I. MTX B0 in vitro NKEHICR (T THE

PBMNCs # £FEEE DO MTX & & 1 48 Bfsg
E NKEEEREL: (K1), 4, NKESEIZED
B, MTX kg ket noT, FEEE DO MTX
D & % N Z 7z spontaneous release & [AFFIZHEIE L,
HEEI D & spontaneous release & & & LLEHRET L 72
BEEEE LS, UBOEREIMTX 2BREE I
To7z. MTX I & v NK iGHEix 08585 2 &
DD, EEEIED N o7z, HEEWKZ FBS %10
ZEOEELEREER TS o, X, HESMEG6
~T2 B e EfL s v, PRV EREERTEES

>
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Fig. 1. Effect of MTX on NK cell activity.
PBMNCs were incubated with MTX at various
concentrations for 48 hrs at 37°C prior to addi-
tion of the target cells. The data are expressed
as the percent change in the NK activity in the
presence of the drug compared to the NK
activity in the absence of the drug, The data
represent mean * S.D. of six experiments. The
control value of % cytotoxicity without drug
ranged 23 to 43 %.
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1l 7z,

II. rIL 2 TiEM{b s ht- NK #BRCRET MTX

nEE

PBMNCs (Z & fEi#sEw MTX &2 rlL 2 (25U/
mD) ERIFRZEML, 48 IEkEE&EL 72 (K 2a), H#
FHRIEED MTX (107" M~10-* M) iz £ D NK
ERIREE R Y, BEAEE Ao, B2
PBMNCs # rIL 2 (25 U/ml) & 48 BRIk L, &1
e MTX £ 004, B2 24 BpEEE# %, NK %%
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Fig. 2. Effect of MTX on rIL. 2-activated NK cell
activity.
a4) PBMNCs were incubated with rIlL2 (25 U'ml)
and MTX at various concentrations for 48 hrs,
The data are expressed as the mean £ S.D. of
four experiments.
b) PBMNCs were incubated with rIL 2(25 U/ml)
for 72 hrs. In the last 24 hrs, M'TX at various
concentrations were added. The data are ex-
pressed as the mean + S.D. of eight experi-
ments.  *,p<{.05 as compared with control
group without MTX (Student t-test).
¢) PBMNCs were incubated with MTX at various
concentrations for 72 hrs. In the last 24 hrs, rIL
2 (25 U/ml) was added. The data are expressed
as the mean + S.D. of three experiments.

WELULRETH S, MTX 2010 M OB NK E %
(3, MREA 100 2 & 108.2+6.1 (p<0.05) L HE
g9 L 7z, rIL 2 X MTX ORI IER %538 L,

PBMNCs # 56 SR ED MTX & 48 BRI5%#%,
rIL 2 (25 U/ml) 2L 72358 (B 20) 1%, D
H#E (100" M~10"M) TNKESEOEELAD
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Fig. 3. Effect of rIL 2 on NK cell activity.
PBMNCs were incubated for 72 hrs with rIL 2 at
various concentrations (0 to 100 U/ml). MTX
(10* M) (c—0) was added in the last 24 hrs.
Data from one of two similar experiments are
presented. @—®, control without MTX.
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Fig. 4. Effect of MTX on rIL 2-activated NK

cell activity in unfractioned, T and non-T cell
subpopulations.
Each cell subpopulation was incubated with rIL 2
(25 U/ml) for 72 hrs. In the last 24 hrs, MTX
(10*M) ([]) was added. The data are ex-
pressed as the mean + SEM of experiments.
Paired t-test was used to determine the signifi-
cant diferences between control and experiment-
al groups. *, p<0.005; **, p<0.01; B3,
control without MTX.
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7oh, HEATENEEER ko, MEORERLD,
BB DEER T2 PBMNCs % rIL 2 & 48 RefEiE 1k,
MTX (10* M) 20z, FiZ 24 FFHEEEL, NKiE
MERETZ ZEZLT,

m. rIL 2 0 EEiBE

33 rIL 2 FINEE & NK @oBFRERT.
MTX (10-*M) ¥HMmEETIE, rIL 2 (25U/ml) D
ERrHEmMLBE NKEYDO LEBESRH, D
MTX EFRMDBE L b T NK FEE OB E A BE
i oD T, UEBOEETIE25U/ml 2 rIL20E
HEEE L Uiz, ¥, rll 2 SRINOBETH NK EHIR
2~65%TBERD >N LM, BZHFBSIc L3
NK EHORR L E 2 o hui,

IV. NK #8fao precursor cell level Th#&ET
NK#ifEofiE MoK = ®et 5 % 2o,
PBMNCs # F #, unfractioned (3E4r &), T R U
non-T MRz B L, &&rIL 2 (25U/ml) & 48 8%
MSEEL, MTX (100° M) 2Nz EC 24 BRI ER
NK &M 2 ogs L, B4, FPEEV
THETEMTXENMZ I DEEOHEEEZED, %
cytotoxicity i, FEAEHAE - MTX ¥RiN#E 76.5+
3.9%, FEAINEE 65.6 £ 4.3% (p<0.005), T #ikg :
MTX ¥RI08¢ 73.3 £ 3.0%, FEERIIEE 60.2 + 4.5%

(p<0.01) tEEZ2RH. L»L, non-THIKET
EMTX FINEE 76.1£2.1%, FEFHRIOEE 80.4 +
4.2% EMERICEEZR» o7z, T R non-T M
faDSTERE, MFEFOMAER IS LZ3~4 1 1Th-
oo ZOFBRIY, rlL 2, MTX #IMC £ % NK &%
ORI EIC THlRSEICE 5 £ FE 2 st

V. V8T ty ot

rIl 2, MTX @EINC £ 3 ) 8k 72w F 0%k
FRETU 288, RLICRT LI, FIIATE LT
BHELY T2y FOELERDSNE L 272600,
non-T @S EF O OKT11, Leu7 HEB MO
BEOEME, THESESRO Leu-11a FURS MM
DEEFEORA 2Rz, Leu-11a Bl T #ilEs
BT 13.1%, non-T MMFE T 38.8%TH D, non-T
kR NK B s, THlREL Y SE (B4) Th
ZZEDEAERAD, BRSIIRT LT #Hile
ZBIELE ERRICHEEE L otk BE/T tb% 5/1~20/1 L&
fbEgBEO NKEEFHIEL/ L 25, W Tho
FHTH MTX (10-* M) HINC & 5 NK iEEOHEHE
DHER S iz,

VI. 7HA—E—MigEsER

effector HfIf & target M DEFIRELBET 2
feH7 A u— ARG EHBEREL 2. 212

Table 1. Surface marker analysis of T and non-T cell subsets before and after treatment

with rIL 2 and MTX

After rIL 2 treatment and

Before treatment

medium alone MTX 10*M
(%) (%) (%)
T cells
OKT 3 80.9 80.8 80.6
OKT11 92.8 96.5 95.6
Leu-7 19.0 155 15.8
Leu-11 13.1 9.8 9.8
OKM 1 24.4 15.2 14.7
HLA-DR 10.3 9.3 9.5
non-T cells
OKT 3 145 146 149
OKTI11 20.4 29.1 27.0
Leu-7 23.4 30.6 30.6
Leu-11 38.8 37.9 36.4
OKM 42.5 378 39.9
HLA-DR 335 - -

T and non-T cells were incubated with rIL 2(25Uml) for 72hrs and in the last 24 hrs,
MTX (107*M) was added. Surface markers of lymphocyte subsets were determined by a
direct or indirect immunofluorescence method as described in Materials and
Methods. Data from one of 2 similar experiments are presented. The ratio of T cells
to non-T cells are about 3—4.
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R k91, MTX &INZ X % binding ability OO0
IS STz,

Vii. NK #ifao effector cell level Th#&ET

T HiE %2 BIlEC & AERIZ 85 L 72#%, Leu-7, OK-NK
(Leu-11b) ¥tk L #fE A BT, RYUFERBM AR 25
HL7:80O NKEELZHETS 210k D, NKiFEHE
BB 1) 5 effector fif@ & L COERERETL 12
(®6), LMBBORVIFEBEMEOEEZ, IRy
3%LATFTH -7z, OK-NK (Leu-11b) & i{A4LFEIZ
LD NKERFERHZETL, MTX 12X 285 4 ¥
%Lz, —/ Leu7 & f(RALE TS O —EE T A8
BHONDBDATH-/z, F1LED, rIL 2, MTX L
BED T HIESHEF O OKTI OEEI1E 95.6% L #
DKEBAEEDTE I LD, MTX 12k 2 NKIE
85817 1T effector cell level TIE E* Leu-11* (B
%5 < OKT11* Leu-11*) #ifd23B5 L T35 &2
Y IRAR

Vil. LAK B Izxt T 52 MTX o8

unfractioned, T K UF non-T #HHE % #iEC & EAE 2
#L, HL-60 g% target #1fL & LT, LAK &%
BELL (E7), £RMTEELE» - 288, MTX
WINC & 3 LAK EHEOEHBE RS shibh o7,

IX. rIFN-y Of8 (M8)

PBMNCs # RTEEE O rIFN-y & MTX (10* M
) b EHIC A8 HFRIEER, NKEMEERELR:, NK
EEGBERFEINC ER Uz, MTX BN & 2%
HDEEIZED s o7z,

X, NEBMNBEERBRCS T2 MTX KEHZ%

A% NK #ia R U NK FHENE{L

MTX fFERTHRO MTX M EEIR 105 M
~3X10*M ETERL, BT 48 BRIETIZ 10 M
~10"M ETIETLNE (TDX AT A, F4F+8Ky
b, R L DHEE), £3a10REN5 L3512, MTX
HE5#% O Leu-7* 3\ 13 Leu-11* #{I B O MY B &
3, BRI TENT 258088 h-7, #hi
bheb s d, NKESIEKESOENTRSE»EE

DIET2Z D72, #3IbFEEIICHT 2 BERD
Leu-7* B> 3 Leu-11* fHAE D #3980 f Of NK B D
HE2EHL, L0000 THZ, BIIRT LD,
MBI DL T L RS, BEEMNT 2 LONEOHE
S oiien, FEZE b o7, X, —E# (G.M.)
WZDWT, BRIk VE%RIC, PE THE# L 7- OKT1L,
FITCHE# Leu-lla XAV T "EBYEB51F-7. BE
BT T i Leu-11* #0788 & o0 OKT11* #0 BT 1% 81.8%,
OKTI11- #8fgix 19.2% CTH b, IBHFEE T Leu-11*
B2 o o OKT11* # g 13 82.7%, OKTI11- # a1z
17.3%TH -7z, > TMTX I1ZXk 3 NK iBiaaE
RIZEEZL Twa EEbh 3 Leu-11* OKT11* Ml
DERRIHEEOLEETE Ao o7,

£ &=
MTX O NKEERXRIZTEEII DLW TIEE>n»

100

K562

% cytotoxicity to

O L 1 1
ol 101 20:1

Ettector target ratio

Fig.5. Effect of MTX on rlIL 2-activated NK cell
activity in T cells at various E: T ratios.
T cells were incubated with rIL 2 (25 U/ml) for 72
hrs. In the last 24 hrs, MTX (10-*M) (0—0)
was added. The data are expressed as the
mean * S.D. of three experiments. &—
control without NTX.

’

Table 2. Ability of T cells to bind to K562 target cells

T cells treated with

medium alone

MTX 10*M

Conjugate formation

11.0% =+ 3.4%

12.2% =+ 2.7%

T cells were treated with rIL. 2(25U/ml) for 72hrs and in the last 24 hrs, MTX (10™* M)
was added. Binding ability of T cells to K562 target cells were assessed by an agarose
single cell assay as described in Materials and Methods. The data are expressed as the

mean+S.D. of 3 separate experiments.
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Fig.6. Changes in NK cell activity of rIL 2-activated T cells after treatment with
monoclonal antibodies and complement.
T cells were incubated with rIL 2 (25 U/ml) for 72 hrs. In the last 24 hrs. MTX
(10-* M) ([]) was added. And cells were treated with Leu-7 and/or Leu-1l
monoclonal antibodies plus complement. After treatment, the number of cells were
recounted and NK assay was carried out at the E: T ratio of 20:1. Data from one
of two similar experiments are presented. [Z7], control without MTX.
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Fig.7. Effect of MTX on LAK activity of un- ,
fractioned, T and non-T cell subpopulations. riFN-y  concentration (M)
Each cell subpopulations was incubated with rIL Fig. 8. Effect of rIFN-y on NK cell activiyy.
2 (25 U/ml) for 72 hrs. In the last 24 hrs, MTX PBMNCs were incubated for 48 hrs with MTX
(10" M) (1) was added and LAK assay was (108 M) (0—) and rIFN-y at various con-
carried out by using HL-60 target cells. The centrations (0 to 2000 U/ml). The data are
data are expressed as the mean + SEM of three expressed as the mean *+ S.D. of three experi-

experiments. [7, control without MTX. mets. ©—®, control without MTX.
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DME H H pro Matheson © 13, MTX 2 & D
NK EMEHEEL - ERELT0 5, HsOMETIE
107° M~10~* M © MTX SEMEHEMT NK EHEE O HE5E
VB SN e Lizws, EFEORETIX MTX BEHR
mz &3 NK BEomizZo shnibho7, Z0OHE
BICRT A E LT, 151 18 BFR 9 Cr release i
T NK &% BIE L, lytic units 2 NK iEHDEE
LTWaOIZIL T, EFEIT 4 BH 5Cr release %%
Fvy, % cytotoxicity (E:T=20: 1D&) # NKiFE
HOEEIZT 2 L), FENRUHIFNLEED
B X3, B EBEREROEY (Ho
MEM-alpha B TH 2 D L T, EF T 10%
FBS/RPMI1640 > RPMI1640 BJH) 2 &k 3 Z L »3A]
BEELTETsNS, Lhl, SE0EEORET
i, rIL 2 T 48 FFRIEHEE MTX (108 M) #EFmd
32tk ), NKEROFEOHEESTD SN,
tid, rIL 2 CiEE S RERAB S TTEL Tw 2
K&z, MTX OXEP L VEZECREbII D
LEZ N,

4, NK#E® LAK #igcBE 4 2 IR S <
HES N, Thieoh NK Ml 8 —oilakHE Tl
%<, *OXRERE, HEGEEEE Vor7arh4
XY B KGR 82 8\ T heterogeneity!® 72
ET 2 ebhotz X, 20 cell lineage?® % LAK
Wi DREOIZOWT O EROH LR >T
w3, NKfilgoEmRm~—4— L T b MR fe
WBHEATED, Leu-11 (CD16)2Y, Leu-7 (HNK-1)24,
Leu-19 (NKH-1)™4, OKM1 (CD11)?®, OKTI11
(CD2)22n, QKT8 (CD8)7%z ErZEiFensd, Lol,
LAK ##80D precursor & U effector AR D FREH ~ —
#—IBAL TIdEES S %, Lanier 592 %, LAK #l
JEO precursor DA E 531 Leu-19* CD5~ (# D 90%
LAEix CD16* CD3-) o NK fifgTh v, rIL2FHET

WEEELTLEDT—H—3E{LE T, effector &
ol b EL TWA, Itoh 52804 FIFFRIBEZER
T, CD3-CD16* Leu-7" #' LAK #i#4 D precursor @
KERGr % 5, effector 12 CD16* Leu-7* ThH -7z &
H|ELTW5, X, Schmidt 5% Ortald 5% &[R4
BERTH-7. Lhl, WFhbEo¥ybLr e
¥—TH50KTIl (CD2) 2WTREALTHLE
Vi, Grimm 593 LAK # f@ @ precursor i3 E-,
CD3-, Leu-7", OKM1-® non-T, non-B lymphocytes
ThotzeLTWwa, —FA Damle 533 LAK filgm
precursor (X ZFEZHE T, CD16* 7217 T# <, CD4*,
CD8*, CD20 (B1)* fiffgi LI b FEEL Tz L RE
LTw2, NK #ifgic 54 3 OKT1L MO EE 34
50%~80%*2" r b T 555, OKT 11 fiROH
I L BBEEN R ER CET 2 R, EEOME L
EDTRRERTHEL, SEOFZEDKETIE, rIL
2RUMTX BN & - T E #iED NK & %
ankicbrrbs?, E-MlROETIIEES AL
Mmotz, Lid OK-NK (Leu-1l) :ffEMEIZ LD
NK #EMESERL, MTX I & 2R bHEL
ZEens, ZOBERICIT E Leu- 11" HfE»HE S L
TwaZepmgahi, ZOFBRIZEvEy bL o
75— (OKTI1l HUR) OFHE L v, NKfilaomse
DOHEHENFEET L L ERLTWA, 4, Lanier
5z kb, NK#ifgo I < —&8 i CD3+ CD16* @
subpopulation RTEFE L, rIL 2 IMC X D EF & ht s
4, NKEMDOME: LAK EEE2RT Z e 8gE &
N T w3, Z O subpopulation @ A &84 13 OKT11
(CD2) BtEThHh, MTX I X 2 BEEEDHEE
REBRLTW a2 b Litan,

X, Ef ffgiE rIL 2 U MTX #ilc & b K562 i2
T A2EEFEEGERS NS, HL60 XX T 3
LAKEHZEEsheho . 20D LT K562 &

Table 3.
(b) The relative indexes of Leu-7* and Leu-11" cells, and NK activity
Ohr after therapy 48hrs after therapy
Leu-7 1.124+0.54 (n=11) 1.04£0.61 (n=10)
Leu-11 1.374£0.60 (n=9) 1.1140.77 (n=9)
NK activity 0.94+0.33 (n=9) 0.94£0.31 (n=38)

Relative indexes of Leu-7* or Leu-11* cells of Ohr or 48hrs after therapy
Absolute number of Leu-7* or Leu-11* cells of Ohr or 48hrs after therapy

Absolute number of Leu-7* or Leu-11* cells before therapy

Relative indexes of NK activities of Ohr or 48hrs after therapy

NK activity of Ohr or 48hrs after therapy

NK activity before therapy

The data are expressed as the mean+S.D.
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HL-60 X T 2 HEEUREO A =X LnED R
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D IFN-y &€, Zhs& 512 NK EEREE
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BHEAT B Z ESEEE L o 1240, 1)effector-target fl
fnEE, 2 )NK RO EE LR OB SR O EE
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factor (NKCF) ® i H, 4)target #ilg ~ D cyto-
lysin, NKCF 04, 5)target MlZOBE L vw o7z
BEMNETSND, EHEORIETE, effector-target
MO SRR T3, MTX BNEE L JeRmisEiics
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MTX GEBABERFTH Y, Z0ELIELFE
BYERIZ, dihydrofolate reductase DEHETH D, *
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#2722, Taylor 93, MTX 2 X10°* M U LD i
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mRNA AR PLEEGROBML T3 LHEHIL Ty
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Abstract

The effects of methotrexate (MTX) on natural killer (NK) cell activity in vitro and in vivo were
studied. Peripheral blood mononuclear cells (PBMNCs) were separated from normal adult
volunteers. Cells were incubated with recombinant interleukin 2 (rIL 2) (25 U/ml) for 48 hrs and
then MTX was added at various concentraions (107! M-10-% M). After an additional incubation
with rIL 2 and MTX for 24 hrs, NK activity was measured by a 4-hr 5'Cr release assay using K562
target cells. When cells were exposed at 10~ M MTX, a significant enhancement of NK activity
was observed. PBMNCs were further fractionated into T and non-T cell subpopulations using a
sheep erythrocyte rosetting technique. The fractionated T cells showed a significant enhancement
of NK activity but non-T cells did not. Furthermore, T cells were treated with Leu-7 and Leu-
11 monoclonal antibodies, reactive against NK cells, plus complement to investigate the effect of
MTX at the effector cell level. When T cells were treated with Leu-11 plus complement, the levels
of NK activity were remarkably decreased and no significant effect of MTX on NK activity was
observed, suggesting that a E* Leu-11* cell population may be responsible for the augmentation
of NK cell activity by MTX. However, lymphokine-activated killer (LAK) activity of these
fractionated cells by using HL-60 as target cells was not enhanced after treatment with MTX. The
changes of NK activity and NK cell subsets after high-dose MTX therapy (2000 mg/m?/24 hrs iv)
in eleven children with acute lymphoblastic leukemia and non-Hodgkin lymphoma were also
studied. The serum concentration of MTX was increased to 1075 M-3X 10~* M and NK activities
after treatment were decreased as compared with those before treatment, but the relative
proportion of Leu-7* and Leu-11* cells in these patients’ blood mononuclear cells were slightly
increased after treatment, suggesting a resistance of NK cells to MTX. These results indicate that
it is important to survey the effects of MTX on an immunological anti-tumor defending system
such as NK cell activity.



