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mg/m* day 1+ etoposide (VP-16) 100 mg/m* day 1,
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1) PMN o758

PMN (3, A~/ 2 (A28 > 10 U/ml AHfiILZ
FIL, Mo X 912 Ficoll-Hypaque (L2560 o8 L,
Dulbecco % minimum essential medium (MEM,
11K, 25 mM HEPES 13 X O L-glutamin 0.3 g/7%47)
ZUPiE S, Wi 5% 107 cells/ml = %42 X9 12
fe L7

RUZER LT, WABIORE AL L ITHAOS
HLAZOWTHEW LM E A9 2 Tlro 7z,

2) IO A%

Pseudomonas aeruginosa Ne-5 ¥ 37 C T 18 I
Fide e, JERLATHIKRT 2 Mgk L, MR EE 1x10°
cfw/ml £ %42 X912 MEM (2Pl X7,

3) Chemiluminescence (CL) Ol

i) 4xilit CL, 774t PMN-CL oill5¢

Azt CL oW, 4=l 0.1 ml & MEM <€ 10 {4
PLUZMiA 1 ml 42, b 3 7 — L6 20 ul (20 ug/ml,
donifbik) A, 10 40 37 C Tk, AT
= 21t zymosan &l 20 1 (25 mg/ml, Sigma
Chemical #1), phorbol myristate acetate (PMA) i
i 5 ul (0.1 mg/ml, Sigma Chemical £1), #4378
(R 100 ] Z 43 = LCna T 20 o CL %
Wi L, 2oz kb 720 e PMN (PMN 100
i) &H7-H @ CLiGEIE, 4= CL @ 20 400> CL i
A % GAF o) PMN #THIl - TR 72

58 PMN-CL Olls¢ 12, PMN ifieif 1 ml (5% 10
cells) ol X L, it CL o357y & bl bRiZlE L 72

Table 1
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WL, A7v=v&L Tt b ABBT— LI 10u] &
JRRAZIRM L 72, CL @il 21 {d Biolumat LB
9505 (Berthold f1:) %l L 7z.

ii) G-CSF @ priming #) # O

Wi o F 723 A & D 172 PMIN (R
G-CSF (Escherichia coli 0111: B4 #kik, V) > —
SRR 4D 2541 (0.1~50 ng) FAoka s bo—
LE L Ch AR I ER KIS MEM %Iz T
it 1ml 2 LIRS, L3 7= 20ul ZRMIL 10
5 37 C Tk, A7V = 2k zymosan 20 ul,
PMA 5 ul F 72135k A7 20 1l Z e LT 20
Mo CL &gl L7z 20 4riod CL RS & oK,
G-CSF TRAL 72¥;730 CL Mififiit 2> bo—no
flido k% CL-index & L7z,

4) L

Student’s t-test ZJlIv:, p<0.05 & - T E D
DEL7.

=X

II. # F

1. Wi o4 CL, PMN-CL
Wi L7 40 % &N 30 % AT 11 il ER £L
Y PMN #0237 D A sk d o 7z MifiE oo
zymosan fl# O Hifv. PMN & 7: %) o2zl CL iGtEi,
(ST WNE 1 7 3 B W (T R N AT AN 35 i A (e
{12y 5% B 72 (Table 1) - )y, Wil & Ok
B o0 42 CL X2 1 PMN & 72 ) 42l CL 4
PEIE, R A2 L T S ZfIC M L Ty 72 (Table
Do MENZ X2 CLAGTEDO LA E X2 7201285 7
18 1 O}y 68 i) Rk HIZ X % 4silit CL WGtk
R PMN & 729 O CLAGYEZ MG L7228, FhEFh
3.40%2.12 (x10° counts) X 10.80%7.16 counts T
O, RN BB L T B e o e b o 7o i

Number of white blood cells and polymorphonuclear leukocytes 'PMN

and CL values of whole blood in healthy adults and patients with lung

cancer

Healthy adults
n=230)

Lung cancer

WBC 10 /mm’
PMN <10 /mm

Zymosan-induced CL
Integrated C1. (X 10'counts)
CL/PMN (counts)

P. aeruginosa-induced CL
Integrated CL (X 10 counts)
CL/PMN (counts)

6.25%£1.73
3.50=1.20

4.58%2.06
14.12%6.69

3.38%1.90
11.01£6.09

t-tes
(n=40) test
577+1.13 NS
3.61%0.89 NS
458211 NS
12.69 +4.99 NS
242+150  P<0.05

7.23%£4.59 P<0.05

Data are shown as mean=SD. CL per PMN was determined as described in the

text,
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Fig. 1. CL values of polymorphonuclear leukocytes
(PMN) in patients with lung cancer after stimula-
tion with non-opsonized zymosan, and compared
with those in healthy adults.

Data are shown as 20-min integrated CL counts with
means and SDs.
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Fig. 2. Time course for the number of polymorphonu-
clear leukocvtes (PMN) of peripheral blood in 12
patients with lung cancer during cancer chemothera-
py.

Each patient was treated with anticancer drugs from
day 1 according to the protocol.
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Fig. 3. Daily change in CL values of whole blood and CL
per PMN, induced by non-opsonized zymosan in 12
patients with lung cancer.

Each patient was treated with anticancer drugs from
day 1 according to the protocol. Data are shown as
mean values.

Significant differences (**p<0.01) between CL val-
ues in the patients and in healthy adults (n=30).
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A ® PMN & G-CSF % 37 C T 10 45 fih
S¥HTLITLY, 5ng/ml LD G-CSF BET
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Fig. 4. (Case 1: 72-year-old man) Daily change in the

number of white blood cells (WBC), polymorphonu-
clear leukocytes (PMN), and whole blood CL in a
patient with small-cell lung cancer.

The patient was treated with anticancer drugs from
day 1 according to the protocol.

2% LTbH, 30 ng/ml ® G-CSF (& PMN-CL ifitk %
in vitro THBEIIHMH S ¥ (Fig. 7)o

4. G-CSF ® PMN 233 % ex vivo R &

Jifl 2. 58 %, &Pk (Fig. 8)

Wi (stage V) 12F L CHEILEHEE 2 Efr R L D A
MLERE B £ T PMN BOBPA A LR, 5 11 HHIZIE
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THHEHEHFE L 2L A, B REMEREE L ¥ PMN
Komaiiabh, 4 CL itk d PMN BoXme 2
134T L CHsRAA iz, AL PMN &7: 9 @ CL i
Pd, WHHEFIfE 14.8 counts A5, G-CSF #45-# i
I¥ 21.2 counts F T L 7=

Im. % =
AW TIIN I 7 — WARAEYE CL 3 2 H v ThliHe -
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Fig. 5. Priming effect of G-CSF on the CL response of

polymorphonuclear leukocytes in healthy adults (n=
20).
PMN-CL was measured by stimulation with a)
non-opsonized zymosan, b) Pseudomonas aerugi-
nosa Nc-5 and ¢) PMA. The CL indices are deter-
mined as described in the text. Data are shown as
mean values. Significant difference (*p<0.05,
**p<0.01) from controls without G-CSF.
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Fig. 6. Priming effect of G-CSF on the CL response of
polymorphonuclear leukocytes in patients with lung
cancer (n=20).

PMN-CL was measured by stimulation with a)
non-opsonized zymosam, b) Pseudomonas aerugi-
nosa Nc-5 and ¢) PMA. The CL indices are deter-
mined as described in the text. Data are shown as

mean values. Significant difference (*p<0.05, **p
<0.01) from controls without G-CSF.
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Fig. 7. Priming effect of G-CSF (30ng/ml) on the CL

response of polymorphonuclear leukocytes in healthy
adults (n=20) and lung cancer patients before (n=
20) or after (n=10) anticancer chemotherapy.
PMN-CL was measured by stimulation with
non-opsonized zymosan. Data are shown as 20-min
integrated CL counts (means and SDs).

Significant differences (*p<0.05) from controls
without G-CSF.
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Fig. 8. (Case 2: 58-year-old woman) Daily change in

the number of white blood cells (WBC), polymor-
phonuclear leukocytes (PMN), and whole blood CL
in a patient with adenocarcinoma.

The patient was treated with anticancer drugs from
day 1, and treated with G-CSF from day 11 to day
19 according to the protocol.
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Fig. 9. (Case 3: 84-year-old man) Daily change in the
number of white blood cells (WBC), polymorphonu-
clear leukocytes (PMN), and whole blood CL in a
patient with squamous-cell carcinoma.
The patient was treated with anticancer drugs from
day 1, and treated with G-CSF from day 14 to day
19 according to the protocol.
nTnnhw,

LA, M b i oS PMN o® A LT
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MHF ST ER 3 2 0P §-C, 2 o il SR e oo 1
WL L& RHE L, DIBFIZR A PMN OfM 4~ OHGE %
SHESELEM D B0 4l
T G-CSF ¢ PMN-CL KJS(= JiE+ priming &1
DUV THGEHL 720 G-CSF 3% PMN Ol 4 O FEhE
WEEKIZT I EAMS N TV 25%, PMN O R4 E,
EALRE, Ak, NVERRERUNGE, BORBE SR T A0
PEALTER A% SN T 525, Mifi B #H O PMN (Zx)
$% G-CSF @ priming #h 42 U TE LTt Lf_
LM & (bR CL O sR %) 4 % il
BHT GINE S SIS L AL RO PMN 17 M@L
TWwhIH o E PMN (283 % G-CSF @ priming
MR ERG L. ZORE, CL inff’f’lf/)“ﬂt F L2

in vitro & ex vivo

B PMN 128 LT3 G-CSF (3474 Lmﬂu}J/L
RL7. ex vivo \BWVWTH, &) {}’ EQL ]

PMN #okihie CL it mEin Lo Sz, '"%(D
AP LC, zymosan RIB O {7 L B LT, Rkl

WAL # 0% R ILERIRE & G-CSF 12

L BiGPEAL 393

WO IEEMIZABES 2 CL itk Mumdsh< Ao b
Z B3, AR X D IR YAE 25l A TR B

HIk, FLBEOMBAEICINT S CLIGVESEKT
LTWwWbZLaEZbthL G-CSF OMEHIZAMT
HoHEMDbND, X512, G-CSF 3B H o bisa Al
‘f”"H’O“ Zex vivo IZBWVWTYH PMN OiFM b2 292

LlE, PMN O¥ MR350 Th L, FORIEDRIG
PERNTOLIIFCE 20T, MAOBREICIIHRIC
W<borlbing,

L, G-CSF #2502 - 5o # T 2R g 0 A

fi: k. (ARDS) ORFEAMBME 2> T b, Jhid
PMN®Dli~OHER & GERE £ % (12 LY)"T toxic
substance DI 7% &, FOREGED BE G TEL AL

LTwaynL#ENIN TS, CL rf;%fﬁwt PMN

Fﬁﬁﬂﬁ* ZD X% PMN OfFEEROE=%")
2H f, 2LnLibhs.
%i i
REMZD D720, WIRE, @B S, BERBEL

DXLt KPNA EEEEE Il EC#8dE, %5
ONZ, el RS BEE, [EF S i 8%, 45 8 458 TR
ST LENE % HEHEERM, R RF RS0k
Blzms L ET,

X [

1) Kohno S, Koga H, Oka M, et al.: The pattern of
respiratory infection in patients with lung cancer.
Tohoku J. Exp. Med. 173: 405~411, 1994

2) WD, hIEHLZ, R -t AR E A0
T O G R OBIKM T K. HiWK &% 30:
1250~1256, 1992

3)  LMERM], ¥R MRS, Ml FURTEMIRG (L
HELHRAT A R L 72 MR i o B it . H W
53:214~219, 1994

4) & om0 G, EAREE, A WAL
W Wz 25 1 S AiE 0> T 152 i) 5 28 A AT
34~38, 1997

5) & Hool i, AR,
L 72 WBCILAE OO - 2 51 405 FRE i T
~506, 1997

6)  KEBERER: Busia i & 2 50 R4 L bRk, b
HLEOTUR 9: 128~132, 1993

TV A FHGE, EUREELL DREY, b dfhEREEGELCY
Z BB LFREL O 1T 12: 116~118, 1993

8) i'%'rﬁ%‘l 8 TR TR IZ A SR 2 & YE TO

SN oREE . DUIRIPEGE 38: 228 ~240, 1982

9) Hara N, Ichinose Y, Asoh H, et al.: Superoxide
anion-generating activity of polymorphonuclear
leukocytes and monocytes in patients with lung
cancer. Cancer 69: 1682~ 1687, 1992

100 WRWDG: Mifa 8 A 2B 2 05 R Superoxide #2E
gt & UL PRk, BEHRELOREIZ ST W
i 26: 245~258, 1986

11) Ichinose Y, Yagawa K, Kaku M. et al..
Superoxide anion generation by polymorphonuclear
leukocytes enhanced in a patient with colony-stim-
ulating activityproducing lung cancer. Eur J

airL f~
'“Eiféiﬂ f,hﬁ‘lhl.

[CE TR AN
ISPk 71 501



12)

13)

14)

15)

16)

17)

18)

19)

20)

Cancer Clin Oncol. 21: 181~184, 1985

Ichinose Y, Hara N, Motohiro A, et al.: Influence
of chemotherapy on superoxide anion-generating
activity of polymorphonuclear leukocytes in
patients with lung cancer. Cancer 58: 1663~ 1667,
1986

Timoshenko A V, Kayser K, Drings P et al.:
Modulation of lectin-triggered superoxide release
from neutrophils of tumor patients with and with-
out chemotherapy. Anticancer Reseach 13: 1789~
1792, 1993

Vecchiarelli A, Dottorini M, Beccari T, et al.:
Inhibition of candidacidal activity of polymorphonu-
clear cells by alveolar macrophage-derived factor
from lung cancer patients. Am Rev Respir Dis 147:
414~419, 1993

HHHEE, RR =, AW, b SifbEmikro
b P ERIGYE B O AERE O A M4k IR YLE 7 M ok
67: 30~35, 1993

Ono Y, Kunii O, Kobayashi K, et al: Evaluation
opsonophagocytic dysfunction in burned patients.
Microbiol Immunol 37: 563 ~571, 1993

Ohyatsu I, Ono Y, Aoki M, et al: Effect of recom-
binant granulocyte colony-stimulating factor on the
chemiluminescence response of human polymor-
phonuclear leukocytes. Chemotherapy 41: 540~
546, 1993

Ono Y, Kunii O, Suzuki H, et al.: Opsonic activi-
ty of sera and blister fluid from severely burned
patients evaluated by a chemiluminescence
method. Microbiol Immunol 38: 373~377, 1994
Chandra R K: Nutrition is an important determi-
nant of immunity in old age. Prog Clin Biol Res
326: 321~334, 1990

BH#E SEEOBUNLE. NN 66: 1388 ~

H AL 7 i i 7 2 M

OCT. 1998

21)

22)

23)

24)

25)

26)

27)

1393, 1977

Sullivan R, Griffin J D, Simons E R, et al.:
Effects of recombinant human granulocyte and
macrophage colony-stimulating factors on signal
transduction pathways in human granulocytes. The
Journal of Immunology 139: 3422~3430, 1987
Kitagawa S, Yuo A, Souza L M, et al.: Recombi-
nant human granulocyte colony-stimulating factor
enhances superoxide release in human granulocytes
stimulated by the chemotactic peptide. Biochemical
and Biophysical Research Communications 144: 1143
~1146, 1987

Yuo A, Kitagawa S, Ohsaka A, et al.: Stimula-
tion and priming of human neutrophils by granulo-
cyte colony-stimulating factor and granulocyte-
macrophage colony-stimulating factor. Qualitative
and quantitative differences. Biophys Res Commun
171: 491~497, 1990

Steinbeck M J, Roth J A: Neutrophih activation by
recombinant cytokines. Rev Infect Dis 11: 549~
568, 1989

Yuo A, Kitagawa S, Okabe T, et al.: Recombi-
nant human granulocyte colony-stimulating factor
repairs the abnormalities of neutrophils in patients
with myelodysplastic syndromes and chronic myel-
ogenous leukemia. Blood 70: 404 ~411, 1987
Ohsaka A, Kitagawa S, Sakamoto S et al.: In vivo
activation of human neutrophil functions by admin-
istration of recombinant human granulocyte
colony-stimulating factor in patients with malig-
nant lymphoma. Blood 74: 2743~2748, 1989
Wy, N, @ARBUZ: BRI AR
Y& &P L, G-CSF (2 & % F1lLER M AE Il 5 B L2
BB ARE K L7z 3 Bl EBEFRHE 71
1080~1084, 1997



VOL. 46 NO. 10 WL HOZIRMIMERRRE: G-CSF XM 395

Evaluation of polymorphonuclear leukocyte function in patients with lung cancer,
using a chemiluminescence method

Isao Ohyatsu

Department of Internal Medicine, Teikyo University School of Medicine, Kaga 2-11-1,
Itabashi-ku, Tokyo 173-8606, Japan

To evaluate the cause of the vulnerability to infections in the patients with lung cancer, the
ability of polymorphonuclear leukocytes (PMN) to generate reactive oxygen species (ROS) in the
patients was assessed by a luminol-dependent chemiluminescence (CL) assay after stimulation
with non-opsonized zymosan, Pseudomonas aeruginosa. CL values of whole blood and isolated
PMN from patients induced by zymosan tended to be lower than that in normal controls. CL val-
ues of whole blood and CL per PMN from the patients also exhibited significantly lower CL
responses to the stimulation of P. aeruginosa as compared with those of normal controls. There
were no significant difference in zymosan-induced CL values of whole blood correlated with type
of cancer histology or stage of cancer. After anticancer chemotherapy, CL values of whole blood
gradually declined as granulocytopenia progressed. Recombinant human granulocyte colony-stimu-
lating factor (G-CSF) enhanced the CL response of PMN in vitro during phagocytosis of zymosan
or P. aeruginosa in healthy adults and in lung cancer patients both before and after anticancer
chemotherapy. G-CSF administration to patients treated with chemotherapy increased the PMN
count in peripheral blood and enhanced their ROS generation in ex vivo studies. There results
suggest that the administration of G-CSF to lung cancer patients may provide immuno-supportive
therapy against bacterial infection serving to improve granulocytopenia and to enhance the usually
reduced ROS production of PMN following anticancer chemotherapy.



