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Legionella EREfi 98 € 7 V2 813 3 rG-CSF, ceftazidime DO ARIR

H R W #
MR EEPHBE—HB

(PRRSE3RA 22 BT - FRR5F6 A 11 ARA)

Recombinannt human granulocyte-colony stimulating factor (rG-CSF) @ Legionella f&
ReERETR I T SRR EMN L o, EBIER (1x10°CFU/body) OV Y4 2T 2 BHst
LHRENLEY b OBRMBPOFHRY ML, THIIMIIEAIC L BML Tz, MY
12 ReMA%e D 5 100 ug/kg D rG-CSF ¥ 1 H2 @& 53 23 &, 1ERMMs L BALF 1 DF 2R
BRNEEL VS AN EARSMBE NI, Legionella \3t3F 3 in vitro TOHBEIEYIZ
W, MERNBITRRR L 22 Legionella fiti #12 &% T H 5 ceftazidime % rG-CSF &
HARSETIZEICLD, EHFERBRTOELEY NOMTREBEROBY T 2 EANH
CEDBBIN, AROBREBTER (5%10°CFU/body) BEtENLEY MICHL 2B 4
REFEOFET LASRESh, KEXLOBRBICB T Y LI 2 HOHAME I rG-CSF
P 5O REEARMOERT L HE L TREOBRDBERCD 1o 2, BEX DMl
WMETH 2 Legionella o3t L T, Hi&EHME & 12 rG-CSF 28tHK 5+ 5 &, FhROK
ERBEE 2 LR SE, TOERBRYBOER2HEOL LD 2R 2H D, HENRENEBON
r R ENT,
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Legionella pneumophila i@ MMBAFEETHY, t
FeENEY PDTIUT 7 —SHTHETRETH 2",
EORRBFHAO K I OMBAFES L RIL <, Mk
REEFEZIOLNRTWEY, 2L T, #EMfbshicvs07
TYNETOMBENF T LIRS g T
3% LiL, MiaMRESRIL, ELEY MICBWLT
%207 7—Yh Legionella DT 2 M LA 3 D i
REJHEUB LI TV 39, Lidto TZhLFTOR
KAD Legionella iz X % b2 E 1A OB5# 1 Mfg i B L
T AFPRPARERL~ 707 7 -V FI L 2 ER/RRN
OB K X R R ERLLTWEEF L SN D,

LBREDOKB i3, < OREVIAOIERFRMERHHED
&1t % macrophage-colony stimulating factor (M-

CSF) o5z X Y& H 72, M-CSF DS L D, H
MTi1 Legionella Befeicxt U TERIZ B 5 7 5 LAJRTE
MetliT 22 LT, ERMRETVOELEY F DERF
ErFRELDZZ EDSTERHEINLY,

—%, BT Legionella DFIARRKBAEH L L T D
PROBEM SRR T IMEBLEINTWE™, T4b
b, Legionells 3EMILEN T2 07 7 —Y DK

EAMMERR L, TORNETHALE S0, FREKA
TREREFE*BETCERVI LY, IFhRERLV I B
ENEY P TIE Legionella o+ 3 BREMEB LR T B 2
LETHB™, ALED X > R BEH» S Legionella RER:
THc~2707 7= 5D b RO L, BENIOR O
Bk % rG-CSF 28545 2 L TEOREWMPOLMEER T
LT 2T, MREZEELT S EBTAHETEIZLD
EHIEXAREITo 120
L. #8 & H &

1. GEAEKk

KV OBR I BEERT D 5 Legionella pneumo-
phila serogroup 1 (80-045#k) = H w719, X@E %
ELEY FVEBERICERS LT, |HEHKFET L @K
DORALVEINT S Z L% 3@EEVERL %, BCYE
-a SERIEH EC 37°C, 72 RFREIEE L E 2 IERE
Fa—TRXAEL, AFLINIFT-T0CCIZHEFEL
fzo ZOREE B KBTI BCYE-o EXE# LT
37°C, RHFHOB/ERER2ToTAHV, £1-XEOD
ENEY MR ICBIF D LDy f# 12 2.1X10° CFU/
body T#H - 7z,

* FREVR ZaIRET_EIR 207
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2. rG-CSF tHi&¥R

hARESL DS &l rG-CSFY ¥ —-70°Ciz &
EL, HAEMIIhEMEL THV .

&Y E 1X ceftazidime (CAZ: HZ& Glaxo) % A
W7z, L. pneumophila 80-045 #1123 5 MIC {H iz
PRI IREIC T 0.0625 ug/ml TH o 72,

3. RBRmY

Hartley %€V € v + (SPF, H, BZ SLC), &
H280g #RBREEL TH W, RN 4~TEM
DOEBEME B,

4. SFHEROIAM

Xyladine chloride (Bayer Japan Inc.) & ketamin
chloride (Z3M¥K) 2 ¥ Th 80mg/kg B L U5
mg/kg DEESHELTELEY P DLFHBEZ A
Too BRMIZA/SY Iy Y Y TENVEY P OLKE
DTotze 3% T+ A b7 &R THRINEK % MK,
Ficall-Paque (Pharmacia LKB Biotechnology Inc.)
& 2EEARROETIFPREERL, 25KKRF
THARMBMEEREMTREL 12, FHKIZpHT7.4
@ Ca?* free Krebs Ringer #EtiEm# (KRP) i
L 95% LA E o viability 5% % Z & % trypanblue
RETHEL THWL,

5. FMLP, PMA 2 X 2EMBFRELE N T 2 1G
-CSF @ priming &

pH 7.4 ® Ca?* free KRP iz 1 X 10° {8/ml 2 ¥ % L
72 #FhER % 50 ng/ml @ rG-CSF & 37°CT 10 MK
¥R, BREBESZERTNIX10®E/ml DFF
F1 8K, 5.4 mM O glucose &£ 8X10°°* M D cyto-
chrome C (Sigma chemical Co., St. Louis U.S.A.)
DEREMCHIEHF ZHML THE L 7. RIBAIE N-
formylmethionly-leucyl-phenylalanine (FMLP;1Xx
107" M; Sigma Chemical Co.) & phorbol myristate
acetate (PMA; 0.1 mg/1; Sigma Chemical Co.) %
dimethyl sulphoxide (DMSO) 1 T—80°CTHEL
b DEARCHERAEL TRV,

O, DELROAIEIXF b 7u—LCORTHE SR
—HE®XE S (Shimadzu UV -3000; Shimadzu
Corp.) 12 & D 550nm, 540 nm O WHKEE X BIE L,
S5X10°EDFFRD1IMbrh DELEETEL
72

6. rG-CSF ETE# DKM DIFFERE

E)NVE Y MZrG-CSF 100 ug/kg/ml ¥ EFEL,
BTHEER L 4 BEIED 24 B T & 30 BRI E
BrTWiREHM%2T-> 72, Tuerk HTHERL TLH
MmERB 28 L, May-Giemsa et % 5 L 7- @ F A&
KTHEEHEEL . MRECREREZETEL, A

BMOMBETT - T2,

7. Legionella fiigk € 7' v DIER

ENEY PRNTIMADFERINES'Y DXk
TiTo e, BT CHIBESMEMZVIBAL T, AE%LR
HU, BERBRELEY MiCIR5X10°CFU %, &
HERBRENE Y MZIZ1X10°CFU O# &% 0.2
ml DERICHBL THEL 72,

8. LAk

rG-CSF 5%k i3, THERDER LD #DkKH
MEFPREOMMO R EREFETH oL &, 7
BERDFHEFMb S 100 ug/kg D1 B2 EK T
Ll IEHN (CAZ) DB S5RiztE P O¥AKRS
RO 40mg/kg ML 1 8 2 Bz THERES
3 D% A

MY RERENC A BT, Thbb, 1G-
CSF BifhiafeBt, CAZ BEuaMEt, W& OPt ALK
BBIUNKBHTHo I, NRBEIEBRBKDOET
L B kMM 1T, rG-CSF & CAZ
DHEIERETRENTNERDOBBEARESH L KT
HEEML TIT- 72,

MRt DRRER I 4 HEUBR R 214 5
ok E S HME L, 2613 HREBEL
TEBSHERHEL 2. £% M Kaplan-Meyer
ETHHEL.

9. ki§MmchsFhERM & Mg (BALF) 10
FPERIR DK

WEERBRELVEY POREEIG-CSFIt L 3
HEFREDL>fTvW2HHE, 4BBEBXU5HHE
KM & BALF hOiFchEk# % FH <. BALF §
NERAFSYDOHEICRLTITo . Ti2bS,
L EHR T IO T-HAMIMm L 7-%, §ESE
VIEL TR E%®L L, polyethylene # 7 —7 1%
BAL TREEEE, 5mlo~SY VINERREA
L, Ih*AERTE2HFETHo I, IDREERZDK
L, EIUXEA25ml & - 1B AT 4°C, 150%g, 10
min. DEk %17\ EDTA &R 2 ml iCHEEL T,
B O MBRY & G MERSE RS M DB A & FkicTT
27,

10. MANEEHKORIE

FEESERERENVE Y bz LIRESIRORN OR
RISl %ETTY, 28, 48X U5 HED
N ERERER/ I

LERR TR LEIi A Y P UilER, LB
D 43 Bin U EER TR R M L T, ERTHRE
%, AB10ml %3 X5pH7.0DPBS 2%
TKRAPFTHTRESFA X LT ZOREEFRLT
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BCYE-o ZRiE# EIiCRBIL, 37°C, 72 Ry
pao=—¥TEEK (CFU) 2E/L I,

11. KEEtFeLE

FEOZEDRTE 2 Student D t-test it & D, F
W4 1 Kaplan-Mayer 3« X D H L, gene-
ralized Wilcoxn test i & D £ MO E X RE L
fro PIEAS0.05 L TOREGKEREZDD L L1,

LR 24, BR2 BHRIC peak oL, BYMERT
3 4EHELSEMBAICIZIVE 5 AR THRL
2o UL, rG-CSF i & 2MBETIE, IFhMR % &
HrHMROWYOBE BV HENRSh, 2HE
CSHEOMICRERENRE SN (p<0.01), [

]

I & » _o.
. EMELEy MMFRRICNT B 1G-CSF OF g305
5 204
Tablel @RL & 52, E¥ GERR) ELEY %;.’0,3- I l
MCHT 3 rG-CSF 100 ug/kg B FHB OEFHIRI 5 L0 %
MDY —7 12855 2BMBIH D, FRREE égw
8,000/mm* BEE TLRL, £0BRELHTHD L 2E B

oo BERBE FNDORASLHELTARTH - 228,
FHRBOBERELD /N Y —V RIERE M OBE LT
REKRTH o7z,

FMLP 8 X UPMA iC & 2 EMBRELE ICNT 2
rG-CSF @ priming /R 2 Fig. 1ic/RL7-& S ict
MFFRORIGERIL L, 202 20RBHIDS T
FMLP 2L BB DA BB EMBEELER
DLR% %79 priming 1R 2T 7=,

2. BEGERREROKMMS, BALF diiF ik
BORREL

Table2 8 & U 3 W HEBGEREFBFORMMB L U
BALF thOFHERBOBRFEL %2R L 120

Table2 iR L7z & 5 ICRBRHD & THRMYMEFFER T

FMLP PMA

Fig.1. Priming capacity of rG-CSF for release of
superoxide from PMNLs.

Total superoxide production of rG-CSF
treated PMNLs stimulated with FMLP (0.1
#M) and PMA (0.1 mg/l). Each column rep-
resents the average of three independent expe-
riments. The cross-hatched shaded column
represents data from the rG-CSF treated
PMNLs, and the oblique line shaded column
represents that of controls.

Error bars represent the standard error of
the mean.

*p<0.05 compared with control.

Table 1. Changes in peripheral leucocytes and PMNLs after administration of
a single dose of rG-CSF (100 xg/kg) (n=4 and 3)

Total leucocyte
count (/mm?®)

PMNL
count (/mm?)

Hours after G-CSF G-CSF
control control
injection (100 ug/kg, s.c) (100 xg/kg, s.c)
0 2,941+ 531 4,448+ 490 1,716+ 152% 2,429+ 177
4 5,993+ 997® 5,325+1,188 3,724+2,396 3,952+ 818
8 9,439+2,409 5,069+ 671 7,922+2,113* 4,392+ 617V
12 8,695+2,291 4,210+ 7259 6,676+1,729° 3,261+ 548%
16 6,853+1,264 4,78011,825 5,081+1,119 3,385+ 953
20 7,450+1,230 4,658+ 504 4,658+1,726 3,248+ 470
24 6,44311,459 4,003+ 948% 4,357+ 379 2,638+1,022v
30 5,725t 977 4,071+ 620 3,627t 974 2,553+ 260
(n=3 and 4)
¥n=3

* p<0.05 compared with control.
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Table 2, Effect of rG-CSF treatment on peripheral leucocyte and PMNL counts in circulating blood
peripheral Total leucocyte PMNL
blood count (/mm?) count (/mm?®)
days after
. ) G-CSF treated control G-CSF treated control
infection
0* 2,971+1,031 925+ 275
2 8,119+3,025 7,350+1,274 5,587+2,487 4,66411,076
4 2,993+1,401 2,115+ 760 2,0331+1,044 669+ 317
5 4,098+ 820 611+ 130 1,997+ 737°¢ 131+ 47
(n=4)
* before injection
** p<0.01 compared with control.
Table 3, Effect of rG-CSF treatment on leucocyte and PMNL count in BALF
Total leucocyte PMNL
BALF
count (/mm®) count (/mm?)
days after
i ) G-CSF treated control G-CSF treated control
infection
0* 2561156 28+ 23
2 1,151+ 375 7651333 7304283 503+215
4 722+ 184 655+258 463+130 284+173
5 724+ 292 326+107 356+195 204+ 50
(n=4)
* before injection
ROBIRIE Table3 iI/R L7 & { BALF fipiFth III. % =

REogREtTcyvED ST,

3. MAREEHORREIL

Fig. 2 iCR"d & S, BEFCERBRE%1T - IRt
DENE Y b TS 4 HE £ COMNEESUIIIEM
%fl) 72, rG-CSF BMuAREE DM £ H I R
EDHBTRBEREERAONR Do b DOBELEOKE
BHIFEBEAERTH - oo CAZ BHEISEEETIE,
SHEFHBEBHEAL-b DD Zhiz rG-CSF %11
R T RGEBE SRR AT 2B LU T b - L YEEK
MEWLERLED Sz,

4. Legionella ftis € 7N D¥g

BOERBLENL T Y MBI 2 RIGEBO LG
% Fig3icmll, EEBAAEE CIcT RTHE
T30l T, rG-CSF, CAZ D& 04t FHEE
TREFESERECLEALT (p<0.05), MEHEA
BIREE L BHGRREE ORI AR RERED st »
27z, Fig. 4 iR LIt REZR{LORRFNEE CIXEE
EBRBELZOMOBOB TCEERENED SN
(p<0.05),

MR RERE TH 2 Legionella O ¥ 72 BRBH 5
BiidlEERETHII LI TWEY, £,
Legionella \= £ 5 €NVE v b DEBRIGA TR
WZHRAC IAROFHROBESED Sh, ZhiT
BhT=7u77—YBEELTL B3I EBHISNT
w3,

27077 —YRICBREBFERD 54, FHRRT
BREVNFECHEHEORR 2D TLEFLEDHL IR
DRI E» oD, Legionella EZAHA D RERFH#HIIC
PR E L L L RS HOEEELT
BahToik, BE, TLEy bOFPREERNI
B &1 BE 113 Legionella w3t + 3 BN L
RT3 L8|EINTV B8,

¥/, KBS ICLkB~2r 07 7 —YOERET
- 72 Legionella fiti% € 7 L O¥S TI3, M-CSF 22
Bpio SRS L, BMEES T3 Legionella ik
U TESIR -7 7 7 A %ERTHSLCALL
OHBCIVEECEFER LE¥ LD TS,

M-CSF LRIUK, HED S - clER SN HAE
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Fig.2. Effect of rG-CSF on multiplication of
Legionella pneumophila in lungs of sublethally
infected guinea pigs.

Viable bacteria were counted at intervals
after guinea pigs had been inoculated intratra-
cheally with 1X10*CFU of the organism.
Treatment: closed squares: rG-CSF (100 ug/
kg twice a day, n=3);closed triangles: CAZ
(40 mg/kg per day, n=4); closed circles: rG-
CSF (100 ug/kg twice a day) plus CAZ (40
mg/kg per day, n=4); open triangles: saline.

ABY A4 b A4 D—DTH 5B rG-CSF iFk b K
MEFHREEHME RS, EUHEERELERETD,
chemokinesis % chemotaxisis, ERHE, HEAEZD
RS2 @D 2 EAND B I L8 RESh T
616—l|)°

t b DA X B G-CSF ik Table1 # Fig. 2 io7~
LI:BER» S, ELEy MFFERIIHLTHE MO
BLRRREICIERT 2 2 60, HERERICIZZ
DrG-CSF # iz, £/, T A2H&EREL T
i, MBABITOTRE 8- 7 2 ARBEH 1,
MBRAFLEBE TH % Legionella iwxt LT, BEKKIC
b in vivo COEBRMRI THLRIRVED S
W, # Dth T CAZ it in vitro T D MIC{H 3K <,
Ml cEET 2ECH L TREN 2 RET L
BFRENDEDT, AEERTIRCAZ 2V,

LOMEOHAICLY, FHPRICERILIER
IG-CSFic Xk v EMba - BREREC L DV EE S A,
BT 2B L TR CAZIRE D EE SN
AT MRS, BiNH 5 IHERSRSTFESA

—
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Fig.3. Therapeutic effects of rG-CSF in experi-
mental Legionella pneumophila pneumonia in
guinea pigs.

The guinea pigs were inoculated. with 5X
10® CFU of L. pneumophila pneumonia Treat-
ment: closed squares: rG - CSF (100 xzg/kg
twice a day);closed triangles: CAZ (40 mg/
kg per day); closed circles: rG-CSF (100 ug/
kg twice a day) plus CAZ (40 mg/kg per
day); open triangles: saline. Each treatment
group consisted of 9 guinea pigs.

*p<0.05 compared with control.
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Fig. 4. Weight changes in lethally infected guinea
pigs.

Treatment: closed squares: rG - CSF (100
1g/kg twice a day); closed triangles: CAZ (40
mg/kg per day);closed circles: rtG-CSF (100
ug/kg bid) plus CAZ (40 mg/kg mid); open
triangles: saline.

*p<0.05 compared with other treatment and
control groups.
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HEEGERBRIC & 5 R OKRMERIMS, 72
S TN OFPRIMRIE, B2 BEE» BT
H 2R 4 HEOMOIFHFEROBA 1, rG-CSF DM
SETRINBELIOBEL T AHEAND- T, Zh
S5 &NrG-CSFic & v, KMt DFFFERK
DR ELFFEREL T D S, REOWIZBIT BIFHER
BEEMEBEL ORMEEL D LFLONT, &
7e, BICRTHRH L HANEEROBRELL S I,
ZOFHRMBLHANOEBER OBV ICFSEL T3
ATREMDSH R S htc, ZOMANLERBIZ CAZ £ D
ATaorx@PTrEASEEINTEY, MHEDOH
AMRALGNZ D ERRENS, BIERBRER
FRTOEFEERD LR IZ, ZOEWHKOBLHMEL T
WATETREMESFH X St

RBRBFCBEL FhERIZEOMEL LR L TY
B ERTAHZ OB, B IFhER & EEE
THET 2ERELZAERELHIILI b DNV, &
WA TIT - 1 REIF PR O R DM 2, rG-CSF
BHENBEMTEREZR 2o 28, BEECHT 3
rG-CSF 5 DRR RIFPROKOAIC L 26 DTt
B ohdio, BETTOEDRIITATHE L
zZhif, bb¥THMT 2 L TERELBONDTH
fettidd 5,

B RBEERORER ITBH 12 BRI %5 & D 1G-
CSF o5 Tb CAZ #HtH T 5 2 £ THEE L LK
LTERZEEROLAENA SN, 517, KLl
HOGHEDOEIFNEE T, HRKEEL 20O
DM TR EDER L ERSRE s,

INSORBRIDMBAREERETH 2 Legionella
DFRF OV, Fhkedl bt LSRN EHK
PHEIGSEETH S Z LSTH S, E#H0 rG-CSF
I & BEFREROEMS LY, BIBMTRKREDREDA SN
ZOHERALOHRICE D TSR EENREER L 125
TS »ICH 5T, rG-CSF L H4H & DitA
FHRIC DWW Tk Legionella DRBRELANTHL T LT
BERZIRERTREN RIS DDOH D2, YAk
TEROBVHER L rG-CSF iz Lt O#tH T b Rk
FTNIBEGRBPFCE2 DL Bbh 3,

E

AFRETIC Y- THIES L KBS TES 2 L
TR BEE, 2oV Ex ORN IS TE
SELEFRALE, KBHFEECRHAKL
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Synergistic effect of recombinant human granulocyte-colony stimulating
factor (rG-CSF) and ceftazidime in the treatment of
experimental Legionella pneumonia in guinea pigs

Takayuki Miyara
The First Department of Internal Medicine, Faculty of Medicine, University of
the Ryukyus, 207 Uehara, Nisihara-cho, Okinawa 903-01, Japan

We investigated the antimicrobial chemotherapy-enhancing effects of recombinant human gran-
ulocyte-colony stimulating factor (rG-CSF) in treating experimental pneumonia caused by Le-
gionella pneumophila serogroup 1 (strain No. 80-045). Polymorphonuclear leucocytes (PMNLg)
increased in circulating blood and the pulmonary air spaces of sublethally infected (1x10‘ CFU/
body) guinea pigs following administration of rG-CSF (100 ug/kg twice a day). The increased
number and heightened function of PMNLSs contributed to a reduction in the number of bacteria in
the lung, leading to a significantly increased survival rate in guinea pigs with lethal pulmonary
infections (5X%10® CFU/body), when combinated with ceftazidime, which has strong in vitro antimi-
crobial activity against L. preumophila but is in effective in Legionella infection because of its lower
cell penetration. These findings show the importance of PMNLs in nonimmunospecific defences
against Legionella pneumonia, and suggest the usefulness of rG-CSF in combination with antimi-
crobial therapy.



