BAIERAY —RBEABALEE 85 (1992)

YA P HLA 2L B3BFHREBENTS43 0
BTN IBFOLoREDY UEEERRL T

ﬁ%’g ;%“:éi*,d\z%u Dj** *kj—L .}-'—*** {Z—E% 9&/\****,7J(J:1%5_%*****

R B KE SRR AR e R LR N B
(BRI FE SR THE - ABRNF € > 5 — R
T EFAKEMD 7 Y5 = ARG + B AR RS B B A
S ERER AR IR BE e R R R REERI )

Neutrophil Priming by Cytokines : in Relation to the
Protein Tyrosyl Phosphorylation of Neutrophils Proteins.

Yoshiyva WATANABE*, Hirotsugu KOBUCHI**, Kunihiro AKIMARU***,
Eisuke F. SATO**** Kayoko MINAKAMI***** Tetsuya KANBARA****,
Miho TOMODA**** Sumio KOBAYASHI****** Tamotsu YOSHIOKA**

and Kozo UTsumr*

*Department of Medical Biology, ****Department of Anesthesiology and *****Department of Pediatrics, Kochi
Medical School, kochi 783, Japan ; ** Medical Research Institute, Center for Adult Diseases Kurashiki, Kurashiki 710,
Japan ; *** MD Anderson Cancer Center, The University of Texas, Houston, Texas 77030, USA ; *****x

Abstract. We have investigated the effect of tumor necrosis factor-a« (TNF-«) and granulocyte
colony stimulating factor (G-CSF) on human peripheral neutrophils (HPPMN). TNF-« and G
-CSF enhanced fonylmethionyl-leucyl-phenylalanine (FMLP) -stimiulated Oj generation of
HPPMN in concentration and time dependent manners.

The enhancement of O3 generation was inhibited by tyrosine kinase inhibitors. These cytokins
also enhanced the tyrosyl phosphorylation of neutrophil proteins, such as 115, 110, 98, 83, 72, 70,
60, 54 kDa and many of low molecular weight proteins. Both tyrosine kinase and phosphotyr-
osine phosphatase might regulate the protein tyrosyl phosphorylation since the phosphorylation
inhibited by tyrosine kinase inhibitor, genistein. The TNF-« enhanced tyrosyl phosphorylation
of 115 and 108 kDa proteins, which distributed in the membrane fraction, was increased in

manners of incubation and concentration dependent. The kinetics of TNF-a enhanced FMLP
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-dependent O3 generation was quite similar to that of tyrosyl phosphorylation of neutrophil
proteins by TNF-a Furthermore, cepharanthine specifically inhibited either TNF-a or G-CSF
enhanced FMLP-stimulated O; generation and tyrosyl phophorylation of some neutrophil
proteins, 115 kDa. Taken together with this finding, it is concluded that substrate proteins for
tyrosin kinases might act as critical effector molecules in the mechanism for priming in

neutrophils.
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t MR MO FEK (HPPMN) ZRIBUCE L RO TRV, BXOYEICLE 7714 3
YR ED A== F YR (05) EREYDE L TEEL ZRBISERIGHEL {AKSH
5, ZDO7F4 3> 7¥EAIE, Granulocyte colony stimlating factor (G-CSF), granulocyte
macrophage colony stimulating factor (GM-CSF), tumor necrosis factor-a (TNF-a),
platelet activating factor (PAF) D% 4 b A 2 k> TCHFEEEINS, HE, 743>
7 OBEICBELE  OMFEDHE SN TV B, ZOFMLBEE LB S Tlhnh2esss,
Ficw2 ik, TNF-a ® G-CSF XX 3FHERD 754 S v I RIEBF uy v+ —¥DHE
T {HEINS D, C-F+H—¥HEA TR LAREINSE Z L EZHOLIZL, 713
YT OBRBICS R BDOFuy ) YBAEDESE D o T A ATREM R L 72789, A
Zei%, & MARIEMFHERORIBUSE M OS2 TNF-a ® G-CSF 77 1 £ > 7{FH
EZDFFHRERY v BDFuy - YEALEEER R OCER TS 2 L 2ENE LT,
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A% [ Ferricytochrome ¢ (Cyt. c), formylmethionyl leucyl phenylalanine (FMLP), staur-
osporine (X 7<%k 0, H-7 3EMFETELVEA LK, TNF-a XU G-CSF iz nhZh
HIREVRIEREFR R OIS L v EE S 0z b O %, ST6381d 8 7 WL, A Bt X
DESINLOEFERL, ZOMOREIIF A 74 T A7 HOFREEZFER L2, 72,
genistein, ST6381k diethylsulfoxide (DMSO) WL, #I1DMSO OMKIBEEH30.5% %
2K D WCEBRICHEL -, £/ TNF-a & G-CSF i20.5 mg/ml BSA &% 2mM Y »
BARER (pH7.4) WC¥EML THEML 72

fFehEk : HPPMN 3RS KA B F L DI L, Ficoll-Hypaque %K BJBLE OLIEVIC TH
# L, Krebs-Ringer-phosphate (KRP) (pH7.4) 12T 2 HgE# L, HIEHEDS108 cells/ml 1272
% & 912 KRP ek, 0°C b ERICHL 72,
®IFAY : AFPEROREIL, 1.25%107° M FMLP T17 - 72,

754327 :HPPMN O 75 4 3 > 2713 TNF-a ® G-CSF 12 T37°C T preincubation
W& 0IT o 72519,
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O;DBIE : O;DHIE I, Cyt.c DEITICE D Asso—seo DIRNEEALZ37T°CIC TRIBH ZHE L
BHIS, BEIIERASLER (UV-300) & TEFANICHEIE L 721,
FLNIBOFALCEREY VB EDIEE  McColl 5 DA —HMZE L TIT-> 72, T7%
HH, HPPMN (1X107 cells/ml) %10 mM glucose, 1 mM CaCl,%# & KRP ic#@ L, 37°
CIZT TNF-a ® G-CSF 2L T, 105H® preincubation 2 & D 54 3> 27 Uiz, 2
mM phenyl-methyl-sulfonyl-fluoride (PMSF) & 2mM sodium vanadate % &t K&Kk
BE15% TCA 2L TRIEZ LS ¥z, 30 BK LIcBER, 0L, B Ke T —
TN IZE =) (1:1) CTHELZ, Z0WwEY% SDS-PAGE sample buffer 252412
R L, SDS-PAGE 12 T¥ v /% 7 8 % 5 Blt%, semi-dry blotting 2£{& 12 C Immobilon-P 128z
HEL, 5BAF»rInNr7%2&5 TBS-0.05% Tween 20 (TBS-T) T7uvy > 7%, —Xi
e LTV VBT oy VIR E ) 7 aF— APtk (PY-20) LRSS ¥, “XRiifke
Loy — PRI~ v A [gG itk L KIS ¥ 7z, TilEBMHSY » 37 HOBMEK T ECL
Western blotting detection system (Amersham) & & D175 72,
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Fig. 1. Enhancement of FMLP-induced O; generation by TNF-a and G-CSF and the effect
of H-7 and genistein.
HPPMN (1 x 10° cells/ml) were incubated in KRP (pH 7.4) containing 1 mM CaCl,, 10 mM
glucose, 20 uM Cyt. c at 37°C. Cells were incubated with 10 U/ml TNF-a or 50 ng/ml
G-CSF for 10 min and stimulated by 1.25 x 107*M FMLP. O; generation was monitored by
reduction of Cyt. c at 5 min after addition of FMLP. Genistein and H-7 were used at 2 uM
and 50 M, respectively. 100 % of O; generation by FMLP without TNF-« treatment was
0.42 £ 0.17 nmol O3/5 min/10° cells. Data are the means + SD of five different experi-

ments.
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IFRIRD AR E 0 E & BRI A E O EEE - HPPMN (107 cells/ml) %2500 U/ml TNF-a % 7-
132.5 ug/ml G-CSF £ 37°C T20fKRIG L, 1&iE D20 mM HEPES buffer (pH7.5), 6 mM
KCl, 2mM EGTA, 2mM PMSF, 2 mM sodium orthovanadate, 20 xM ZnCl,, 10 mM p
-nitrophenyl phosphate, 0.5 mg/ml digitonin %’%‘UE@E@QEK%E%%W LRInZELL
7o ZOWE1000X g 12 THEOLIBEL, £ O EiESE 2 MESE & U, iERDE % [F Ui
FHEE LB E & Uz, 205 ICRIKIEBE15% TCA Bl 2 tk, Ll FkRD HFiE2H»
TFas ) YBLY > 7 B O 21T 5 7212,

TERE EE

TNF-a ®U G-CSF (Z & 51748k FMLP ®RIBEKHFE OERNRELE F O > F+—+, C-
Fr—ERERIC S BEML  HIEO®EICR L L 512, HPPMN @ FMLP ¥ &E L 72
O & TNF-a ® G-CSF Ol iz L v {EEsh, Z20ix C-FF—¥HER O H-710 &
DEIREINTZD, FuyrFF—EHEROD genistein'® T3 PHE I NP (Fig. 1),
HPPMN @ FMLP RIE(IZ & 5 OO TNF-a (24 2 {8 EER & ¢ 0 EE R UMK
FE  FMLP 2 & % O TNF-a OEEIKFEL TRES 1, 15U/mlicBWTZ 05
KIEHEZHR RS 517z (Fig. 2)o %7210 U/ml TNF-a ALEEIC X 3 {EHESH R I3 AL R 12 4K
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Fig. 2. Concentration- and time-dependent enhancement of FMLP induced O; generation of
HPPMN.

Experimental conditions were as in Fig. 1. a, concentration-dependent Oj; generation by

TNF-a-primed HPPMN. b, incubation time-dependent O; generation of TNF-«-primed

HPPMN.
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FLTHEART 54, £RIEB0HTHREMEICGEL, 105 T/ 2REEOEENFED &1 (Fig.
2), TNOOMEEIR, IHETICRELLERE L TWY,

HPPMN % > /X2 ED TNF-a & G-CSFIZ& 5 F0L >HED Y »BME : BLCH S »ic X
NTWB X221, FayryFF—LiE0°CltnTiEuEEEENRINY, Fig. 1 TRL7:
LD WER (4° O IR TZIFFERTIX, < OFFERDY X7 BFuy VEFEDY VR1L
DR Sz, Thbb, 150, 115, 110, 98, 72, 70, 60, 54, 53 kDa % { DIRSF}FD Y >~
N7EWEL ) YBIEEh, sl VBT oy iR X D ER S L, DL &,
Z D & S KiFhERT 3 37°C Tincubation U7235E, Fig. 1 KRV vEbF oy v idH
LY VEBbENT, TDZEMSITCIBWTHRAT 7 ¥ —EOWEE EFEELED 2 Lt
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Fig. 3. Enhancement of tyrosyl phosphorylation of neutrophil proteins by G-CSF and
TNF-«.

HPPMN (1 x 10° cell/ml) were incubated as in Fig. 1, and stop the reaction with TCA
solution as described in Material and Methods. Neutrophil proteins were subjected to
SDS-PAGE followed by transfer to Immobilon-P and incubated with phosphotyrosine-
specific monoclonal antibody. The antibody was detected by preroxidase-conjugated
rabbit anti-mouse IgG using ECL Western blotting detection system (Amersham). Lane 1,
CBB stained ; lane 2-5, immuno blotted ; lane 2, without incubation ; lane 3, 10 min incuba-
tion; lane 4, 10 min incubation with 10 U/ml TNF-« ; lane 5, with 50 ng/ml G-CSF.
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Fig. 4. Time- and dose-dependent tyrosyl phosphorylation of neutrophil proteins induced
by TNF-a.

Experimental conditions were as in Fig. 3 and shows immunoblotting pattern of neutrophil

proteins with anti-phosphotyrosine antibody. Light and left panels show the dose- and

time-dependent patterns, respectively. For the experiment, incubation time was 10 min, and

the concentration of TNF-« used in experiment for time dependency was 10 U/ml.

BEntz, LaL, 37°C T104E10 U/ml TNF-a %50 ng/ml G-CSF CTHIE %175 &, B
DRICBEENEL DI 7D Fay YERED ) VBLOTTENRED s,
ZDEDBEFHREKRSY X7 BEDFuy VEEDOY VEEEIE, GM-CSF, platelet activating
factor (PAF) 2> THEH SR, Z 512D < DMLY GM-CSF, TNF-a 2 & -
T YBALDRENTD S 07210, gz Zh o ¥ v 7BOF uy > ) YR, iFhskie st
T EHEX ORI OME I X > TS IfEES NIz, THhbb, ¥4 b ViksFuyy
D VEAGIZRIBNC & o TEICHINT 2 Z L 8o k2o T,
FUNOBFALUERE) CEMEDY A N h A IRE BRI EM - TNF-a & G-CSF
WX BEHERS X7 BHOFuy VEREY CBIE, W ERE & AR RNCIKE L T
ani: (Fig. 4, 5), Fig. 4 12/RT & 512 TNF-a DEE K BRI HAE L T70-115 kDa
FonRzEOFay ) VEBAEBNE LT, Fuy ) VEEMEIF20 U/ml £ TR EF L7208,
TN ETRE R B0 T SORICOREONE LD, ¥ 87 EOfEMEIZ X > T TNF-
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Fig.5. Time- and dose-dependent tyrosyl phosphorylation of neutrophil proteins induced
by G-CSF.

Experimental conditions were the same as discuribed in Fig. 4 and shows immunoblotting

pattern of neutrophil proteins with antiphosphotyrosine antibody. Light and left panels

show the time- and dose-dependent patterns, respectively. For the experinent, incubation

time was 10 min, and the concentration of G-CSF for time dependent experiment was 50 ng/

ml.

a DBRFEMRFFEPNERFRRFEE R 228, 115-110kDa ¥ > 2227 Tix FMLP #ll#uz & 2
OERICH 3 2 TNF-a OEEEA LRI L {—BL 72V VBIERIGOSH O b ilz, 72, G-
CSF 2BV T ARDOIER D Sz, T74b b, G-CSF OEE & MEREICIKEL T8 v
NRI7BFuy REDY) VEBAPERLY, FRE TNF-a X382 0 EMLTE
D, 70-115kDa & > /N7 EHDE L WEMSED S, L L Z ORI LT L b HE
T—HE T, BIIERVLERRNICES B BB TNF-a OF bz DR, Hig
TAHRPICHETL 7 (Fig.5),

o DIFERMS, FHEROY A bAoA VAHEIC X 5 priming I BWTIE, @ L 288N
FIRZEADTFay VEREDY) VBAAEEL TWEbDEELZSND,
FALRE B X BRSNS 1 Ric HPPMN % #ilfial & 458 & B 53 B 12 5
7, HEROSGEICB T2 Fuy r—Y VB VNI EORERIT o 12, Fig. 6 137 DR
ZRT o FEDHIZ1X54 kDa 3D Y Y BIESY > 7 B 3HIIE ST %08, %L DFuy
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Fig. 6. Distribution of tyrosyl phosphorylated neutrophil proteins in HPPMN after treat-
ment with TNF-« and G-CSF. After treatment with 500 U/ml TNF-« and 2.5 g/
ml G-CSF/mil for 20 min at 37°C, HPPMN (107 cells/ml) were fractionated into
membrane and non-membrane fractions as described in the text. Other conditions
were the same as in Fig. 4 and 6. a, protein distribution expressed by CBB staining ;
b, distribution of tyrosyl phosphorylated proteins in membrane and non-membrane
fraction detected by anti-phosphotyrosine antibody.

=0 ULy N BIIESENFEL Tz, Fi2115-110 kDa D % > ¥ 7 B I35 E
LD SNKPo T, ThbbH,115-110kDa & > /N7 BIRESY VNV BETH 5 T L H3REX
nr.

Exa325% 1) E8F7)LA0A K cepharanthine (24 3FH BN TS50 3 > JHE: 2 F
TORFRIZ L D, cepharanthine I3EFHERDOFEZ ORI X 3 O3EREIAE L, Z OFHFEHE
ELTC-FF—LWErEEY U N7EDY VBRIAHES—EEEL T3 Z L 2SIk
L 7218182020 - cepharanthine ¥ HPPMN O G-CSF ic X 3794 S 7 XL TH R DI
WIEEERAEED Sz, L b 2 DFERIC BRFRIKESESH Y, G-CSFIc k57514 27
ICES 3 RFE O L DORE S T cepharanthine Z¥RIIT % &, ZDHEERERZ > Tz, ¥
b G-CSFAUEIC X 3 754 3 > 7t U CREEFE cepharanthine ZEf& ¥ 5% &, XD
BOHEERARES oz (Fig. 7)) 2O LR 7T 74 3 7 DRICHETT 25 »DRIGI

&)
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Fig. 7. Effect of preincubation time with cepharanthine on FMLP-induced LCL-response of

G-CSF-treated HPPMN. '
Experimental conditions were the same as those described in Fig. 1. Cepharanthine was
added at various times before the addition of FMLP. C,-C; shows the time of cephranthine
addition. Inset shows the time-dependent inhibition curve for cephranthine.

(=]
H

X L T cepharanthine 2’HEFERAZRT I ER2RB Lz, DE VBT T4 S VT IHERK
GO 5> T B EFHRERIZNT U T 1 cepharanthine O E/EH I D THFE 1L 5 72 o T
FMLP FBERNCHSIIL 72 cepharanthine 12 & 3 O3B EEHIZ TS5 4 S > cBELE
WIER &EFE 2 o L7z,

cepharanthine (Z & % G-CSF kM4 y > /X0 BF 0 Y U E{EDFRE : cepharanthine 28
G-CSF Iz X 2FHERD T T4 S v 7R HET L 00, GCSFItk 28 v X2BFuyy
Y U BIEICX 9 % cepharanthine OFEF I DWW THaET L 72, Fig. 8 Iz % O #7~d, G-CSF
ZHIML TR W T line l KR S5 & 51265-115kDa 2L Dy VS BDF
oY) LIRS T o T2, % 72 cepharanthine O & L T A L 72 DMSO OFE
TIZH G-CSFIc X 5 T65-115kDa & /X7 ED ) VBLE L { RS iz, ThicxL
cepharanthine Zf< ORI S 2 &, MEKFFICXTIG L TV YBIERIGHPEE & 11, FMLP
UNINERT QAR T3 Y BALPEE, $712115-110 kDa OV Y BLIHENZE L BT L Tz [H
ROBEFERIZ TNF-a KX 2FFRO 774 2 v 7 ieBLTHEE I,
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Fig. 8. Effect of preincubation time with cepharanthine on tyrosyl phosphorylation in

G-CSF-treated HPPMN.
Experimental conditions were the same as those described in Fig. 7. Time of treatment with
cepharanthine was changed from 30 sec to 9.5 min. Tyrosyl phosphorylation of 115, 108 and
84 kDa proteins were inhibited when treatment with cepharanthine exceeded 5 min.

o DFERD 5, cepharanthine (ZFFHEKD G-CSF 2 TNF-a 0 X 277 14 3 7o
DY NyEFuy ) YBLE» R D RRINCHE T 5 EATRRIN D,

UELDHER» S, XDV A bAA LB 7T74 3712k Y HPPMN 32FKEE
O EFRR U ZNEMITLR L DY v X 7EDFuy YEEDY) VB L2MEESh D Z L2
A& NT, ThbEIDOERKETF Oy ) VL OEEIER I, iy 4 bh A B
BERENTHY, FRREEENE <, WEOREEIIERD TL -8 L7z, Z0DZ Lt
HERD Y RV BEFuy =) VBN T T A SRS BEESE L TWw A I EERBE LT, &
722D Z & iX cepharanthine ® 77 4 S V' JHEERA L F oy ) VBILEHEO@EN S b
FFFE NIz,
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