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�

S2, ADAM WALTER CRONECK2 and MARTYNA

KANDEFER-SZERSZEŃ1*
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Abstract. W
�

e explored e	 x vivo a
 lterations in the cytokine release of stimulated blood cells taken from 8 patients
w� ith hematological malignancies who, after chemotherapy or radiotherapy developed leukope� nia, and were treated
for 3–7 days subcutaneously with granulocyte colony stimulating factor (G-CSF), daily, dose of 5 µg
 /kg of body
w� eight. Blood was also taken from 8 healthy controls not treated with G-CSF and from patients befo� re and 24
h after last dose of G-CSF and e	 x vivo t

�
reated with interferon (IFN) inducers: Newcastle disease virus (NDV),

p� hytohemagglutinin (PHA), concanavalin A (Con A) and with tumor necrosis factor (TNF) induc� er – lipopoly-
saccharide (LPS). Blood cells of patients before G-CSF treatment exhibited e	 x vivo a
  low ability to produce IFN-γ�

i
�
n comparison to controls. After G-CSF therapy a significant increase in IFN-α p� roduction ability was detected.
W

�
e conclude that G-CSF treatment for 3–7 days does not only increase the number of white blood ce� lls (WBC)

a
 nd neutrophilic granulocytes but also modify the host response of patients with hematolog
 ical malignancies to
microbial infections.
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I
�
ntroduction

M
�

yelosuppression, predominantly neutropenia, is
a
  frequent finding in patients receiving cytotoxic che-
m� otherapy in hematological malignancies, and is often
d

�
ose-limiting. Infections, caused by endogenous and

nosocomial microorganisms, are the most common
c� ause of death in leukopenic patients receiving cyto-
t

�
oxic chemotherapy or radiotherapy.

G
�

ranulocyte colony stimulating factor (G-CSF) pro-
m� otes proliferation and maturation of neutrophils. It has
b

�
een produced as a recombinant product in E

�
scherichia

c� oli w� ith the specific activity and spectrum of activities
similar to native protein. A major use for recombinant
h

�
uman colony stimulating factor (rhG-CSF) is amelior-

a
 ting neutropenia, which follows cytoreductive che-
m� otherapy5

�
, 8. In addition to altering the kinetics of pro-

g
 enitor-cell growth and differentiation, G-CSF may
regulate the survival and function of mature blood cells,
e� specially neutrophils6

�
, 15. It can also influence the cy-

t
�
okine profile in sera of patients3

�
, 17. After G-CSF treat-

ment of healthy volunteers the increase in plasma levels
o� f tumor necrosis factor α (TNF-α)

 
, interleukin 6 (IL-

6
!
), IL-8 and soluble TNF-α receptor (sTNF-αR), IL-1
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r" eceptor antagonists (IL-1Ra) was observed. Production
o� f cytokines and cytokine receptors was probably
c� aused by spontaneous release from an increased num-
b

�
er of neutrophils and monocytes11, 13.

W
�

hen a low dose of endotoxin was given, addi-
t

�
ional increase in the plasma levels of cytokines and

c� ytokine receptors was observed in healthy volunteers
2 or 12 h after G-CSF treatment12-14. However, when
e� ndotoxin was given in vivo 24 h after G-CSF treatment
o� f when blood cells were taken from subjecs 24 h after
t

�
reatment and induced e	 x vivo w� ith lipopolysaccharide

(LPS), reduction in IL-8 and attenuation in TNF-α p� ro-
d

�
uction was observed7

#
, 12. These results indicate that

G
�

-CSF is not only an inducer of cytokine production
b

�
ut in can also modify cytokine production after induc-

t
�
ion with bacteria or substances of bacterial origin.

In this paper we were interested in whether G-CSF
t

�
reatment of patients with hematological malignancies,

w� ho after chemotherapy or radiotherapy developed sig-
nificant leukopenia, can exert a late (24 h after last
d

�
ose of G-CSF) modulatory effect on IFN and TNF

p� roduction in blood cells. Three to 7 days after G-CSF
t

�
reatment, at a daily dose of 5 µg
 /kg of body weight,
p� atients blood was withdrawn and blood cells were ex-
p� osed e	 x vivo t

�
o different stimuli. To cover a broad

spectrum stimuli of host defence against infections,
c� hallenge virus, mitogens and LPS were used in e	 x vivo
e� xperiments.

Materials and Methods

Human subjects and study design. This study in-
c� luded 8 patients, 7 of them underwent chemotherapy
a
 nd 1 ratiotherapy (Table 1) in the Department of He-
matology, Medical University School of Lublin. Three
p� atients suffered from acute myeloid leukemia, 1 with
a
 cute lymphoid leukemia, 2 non-Hodgkin’s lymphoma,
1 multiple myeloma and 1 Hodgkin’s disease. In-
f

$
ormed consent was obtained from each patient. The

study was approved by the Ethics Committee of Medi-
c� al University School in Lublin.

R
%

ecombinant human G-CSF (Neupogen, Hoffman
LaRoche) was given as a subcutaneous bolus injection
o� f 5 µg
 /kg of body weight for 3–7 days. The time of
t

�
he patients’  treatment depended on the changes in neu-

t
�
rophil count in blood. Eight healthy volunteers were

a
 lso included in the study as a control group not treated
w� ith G-CSF.

Whole blood assay. Heparinized blood samples (20
U

&
/ml of Heparinum, Polfa) collected before and 24 h

a
 fter the last dose of G-CSF injection were diluted with
Eagle’s MEM supplemented with 2 mM L-glutamine,
p� enicillin 100 U/ml, streptomycin 100 µg
 /ml, to obtain
t

�
he density of leukocytes of 2×' 105

�
 cells/ml, and induced

b
�
y Newcastle disease virus (NDV) 5 TCID5

�
0/

(
leukocyte,

p� hytohemagglutinin (PHA, Sigma) and concanavalin A
(Con A, Sigma) 50 µg
 /ml and LPS (E

�
. coli 0

)
111: B4,

Sigma) 10 µg
 /ml to IFN or TNF production as de-
scribed in detail1.

Table 1. Clinical characteristics of patients

Sex/age
WBC

before/after
G-CSF (109

*
/

+
l)

PLT
(
,
109

*
/

+
l)

Hgb/Ht
(mmol/l/l/l)

Diagnosis Treatment

M/44 0.9/1.2 3
-
5.0 4.65/0.22 centroblastic/centrocytic

lymphoma st. IVB
2-CDA

M/58 0.6/0.6 20.0 5.15/0.25 AML-M1 acc. FAB FRB+Ara-C

F/27 0.5/2.5 15.0 6.89/0.33 AML-M1 acc. FAB F
.

RB+HiAra-C

F/34 0.6/0.3  8.0 4.96/0.24 AML-M4 acc. FAB MITO+HiAra-C

M/18 2.9/8.1 2
/
4.0 7.87/0.37 H

0
odgkin’s disease
(MC) st. III B

r1 adiotherapy of
supraphrenic lymph nodes

(dose 2400 rd/t)

M/61 2.1/2.5 183.0 6.08/0.30 multiple myeloma st. III VMBCP

M/26 1.0/16.3 2
/
5.0 6.51/0.32 i

2
mmunoblastic

l
3
ymphoma st. IVB

P
�

ro-MACE-Cyta-BOM

M/20 1.1/0.4 3
-
5.0 9.0/0.43 A

�
LL-L1 acc. FAB MITO+HiAra-C

Abbreviations: WBC – white blood cells; Hgb – hemoglobin; Ht – hematocrit; PLT – platelets; AML – acute myeloid leukemia; ALL
– acute lymphoblastic leukemia; MC – mixed cellularity; 2-CDA – 2-chlorodeoxyadenosine; FRB

4
 – farmorubicin; Ara-C – cytosine

a5 rabinoside; HiAra-C – high doses of cytosine arabinoside; VMBCP – vincristine, melphalan, carmustine, cyclophosphamide, prednisone;
Pro-MACE-Cyta-BOM – cyclophosphamide, adriamycin, etoposide, procarbazine, cytosine arabinoside, bleomycin, vincristine, metho-
t
6
rexate, leukovorin; MITO – mitoxantrone; FAB – French/American/British classification.
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2 T. Kamińska et al.: rhG-CSF Therapy and Cytokine Production



Cytokine assay. A
7

fter incubation at 370
8
C

9
 for 4 h

(TNF activity) or for 24–72 h (IFN activity), cytokine
a
 ctivity present in supernatants of blood cell cultures
w� as assayed by biological methods as described ear-
lier1, 2

�
, 9

:
. Briefly, IFN was titered on A549 cells (AT

TCC CCL 1185, Rockville, MD) with vesicular sto-
m� atitis virus (VSV) as a challenge. The IFN titer was
d

�
efined as a reciprocal of IFN dilution that reduced the

c� ytopathic effect of VSV by 50%. TNF activity was
t

�
itered on L929 cells. The reciprocal of the highest dilu-

t
�
ion causing destruction of cells in 50% and compared

t
�
o the standard was defined as one unit of TNF.

R
%

ecombinant human IFN-α88 (a generous gift of dr.
E. Lundgren, Umea, Sweden) was used as IFN activity
standard. Standard rh TNF-α, received from the De-
p� artment of Bioorganic Chemistry, Center for Molecu-
lar and Macromolecular Research, Polish Academy of
Sciences in Łódź, was included in each assay of TNF.
I

;
FN-α, IFN-γ � a
 nd TNF-α w� ere characterized by the

neutralization test with monoclonal or polyclonal anti-
b

�
odies as described earlier1, 2, 9

:
.

S
<

tatistical analysis. Statistical analysis of data ob-
t

�
ained in control (healthy persons) and experimental

g
 roup was performed using Mann-Whitney test for
n= onparametric data. Two-tailed Wilcoxon significance
t

�
est was used to statistical analysis within the ex-

p� erimental group before and after G-CSF treatment.
Data are given as means ±SD. The level of significance
w� as set to p < 0.05.

R
>

esults and Discussion

E
?

ight patients with neutropenia after chemotherapy
o� r radiotherapy were included in the study. Three to

seven days after treatment with daily injections of Neu-
p� ogen an increase in white blood cells (WBC) count
w� as seen in 5 from out of 8 patients. In patients, who
r" esponded to G-CSF, the percentage of neutrophils in-
c� reased to 56–61% of the total number of WBC. No
c� orrelations between the type of disease or patients’  age
a
 nd therapy and alterations in WBC counts were seen.
Three patients, who did not respond with increase in
W

�
BC count were treated thereafter with GM-CSF (data

n= ot presented). No side-effects were observed during
G

�
-CSF treatment.

TNF and IFN production, before and after G-CSF
i

�
njections, was measured in blood cells induced e	 x vivo

w� ith NDV (5 TCID5
�
0/

(
cell), PHA or Con A (50 µg
 /ml)

o� r with LPS (10 µg
 /ml). Blood cells taken from healthy
p� ersons served as a control of cytokine level which can
b

�
e elicited by an inducing factor used in experiments.

In comparison to controls, blood cells of patients with
l

@
eukopenia after chemotherapy or radiotherapy, ex-

hibited a decreased ability to produce IFN-γ�  a
 fter in-
d

�
uction with PHA and Con A (Fig. 1 and 2). These

d
�
ifferences were statistically significant at p < 0.05 in

Mann-Whitney test, indicating that not only the number
o� f WBC was lower, but they also possessed a low
a
 bility to produce some cytokines.

W
�

hen blood of patients was taken, after G-CSF
t

�
reatment, a slight increase in the ability to produce

b
�
oth cytokines was observed; however, because of

a
  high standard deviation only the ability of blood cells
t

�
o produce IFN after induction with NDV was statisti-

c� ally significant in two-tailed Wilcoxon significance
t

�
est (Fig. 3). Also, TNF-α p� roduction ability was en-

h
�
anced but the difference was statistically insignificant

(Fig. 4).

F
A

ig. 1. I
B
FN production by blood cells of patients treated with

G
C

-CSF. Inducer ex vivo PHA (50 µD g/ml). About 90% of this IFN
wE as neutralized by monoclonal antibody E-4-18 against human
IFN-γF .G  S

H
tatistically significant difference between control and patient’s

gI roups

Fig. 2. IFN  production  by blood cells of patients treated with
G-CSF. Inducer ex vivo ConA (50 µD g/ml). Statistically significant
difference between control and patient’s groups
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G
�

-CSF is considered to represent a lineage-specific
f

$
actor acting on polymorphonuclear cells and their pre-

c� ursors. However, other studies also demonstrated
a
  significant increase in peripheral monocytes7

#
, 18. In

o� ur study we stimulated cytokine production in blood
c� ells with fixed density of 2×105

�
 WBC/ml. This method

a
 llowed to measure the potency of whole blood cell
p� opulations to produce cytokines after e	 x vivo t

�
reatment

w� ith strong inducers. NDV was chosen as a model of
vJ iral infection and inducer of predominantly IFN-α,
P

K
HA and ConA as IFN-γ � i

�
nducers and LPS as the

stimulus of TNF-α p� roduction1, 2, 4, 9
:
, 10.

I
;
t has been described that G-CSF treatment of healthy

vJ olunteers increased the plasma levels of TNF-α,
sTNF-αR, p55 and p75, IL-1Ra13. When a low dose of
e� ndotoxin was given 2–12 h after G-CSF treatment ad-
d

�
itional increase in the plasma levels of cytokines and

c� ytokine receptors were seen12, 13. In contrast to that,
w� hen cytokine response of blood cells from healthy
vJ olunteers, treated with G-CSF 24 h after injection was
e� xamined, the reduction of TNF-α release after e	 x vivo
induction with different stimuli was described7

#
. In our

e� xperiment, however, the patients’  blood cells exhibited
a
  low ability to produce TNF-α o� bserved before G-CSF
i

�
njections in comparison to healthy controls. After

G
�

-CSF treatment this ability returned to nearly nor-
mal. It seems likely that G-CSF can modify the cyto-
kine response by enhancing low cytokine production
a
 nd inhibiting that which exceeds the physiological
level.

C
9

onsidering the ability of blood cells to produce
IFN it should be stressed that the low ability to respond
t

�
o PHA and ConA was slightly higher after G-CSF

t
�
reatment, but these differences were not statistically

significant because of high standard deviations. How-
e� ver, when blood cells of the patients treated with G-
C

9
SF were infected with the virus, they produced more

IFN-α t
�
han before treatment, and these differences

w� ere statistically significant.
Monocytes and B lymphocytes are the main source

o� f IFN-α i
�
nduced by a virus; however, we cannot ex-

c� lude that also neutrophilic granulocytes were involved
in IFN production. It has been described that neutro-
p� hilic granulocytes produce IFN-α a
 fter stimulation in
vL itro w� ith G-CSF16. This IFN is considered as an im-
p� ortant factor in feedback inhibitory regulation of neu-
t

�
ropoiesis, but low levels of IFN could also “prime”

b
�
lood cells in vivo to produce more IFN after induction

e	 x vivo w� ith such a strong inducer as NDV.
Three of the patients, examined in our study, suf-

f
$
ered from acute myelogenous leukemia. In our pre-

vJ ious report10 we have demonstrated the defect in IFN
p� roduction ability of leukocytes of patients with acute
myelogenous leukemia type M4 and M5. The results
p� resented in this paper showed that G-CSF treatment
c� an stimulate defective IFN production in patients with
h

�
ematological malignancies, especially in response to

vJ iral infection. We suppose that such moderate in-
f

$
luence of G-CSF on other cytokine production ability

o� f blood cells could be beneficial for these patients.
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LIŃSKI J. (1996):

Interferon production by peripheral blood leukocytes of patients
with acute myeloid leukemia. Arch. Immunol. Ther. Exp., 4

�
4,�

119–122.
11. M I

Y
CHON J. M., GE

W
Y A., MO

T
UTEL S., TA

R
RTOUR E., ME

W
RESSE V.,

FRIEDMAN W. and TEILLAUD J. L. (1998): In vivo induction of

f
^
unctional Fc gamma RI (CD64) on neutrophils and modulation

o_ f blood cytokine mRNA levels in cancer patients treated with
G
C

-CSF (rMet HuG-CSF). Br. J. Haematol., 1
`
00, 550–556.

12. PAJKRT D., MANTEN A. VV AN DER PO
T

LL T., TIEL-V
V

AN BU
U

UL M.,
J
a
ANSEN J. WO

T
UTER TEN CATE J. and V

V
AN DEVENTER J. H.

(
,
1997): Modulation of cytokine release and neutrophil function

b
b
y granulocyte colony-stimulating factor during endotoxemia

in humans. Blood, 9
c

0, 1415–1424.
13. PO

T
LLMACHER T., KO

T
RTH C., MU

U
LLINGTON J., SC

[
HREIBER W.,

S
H

A
R

UER J., VE
W

DDER H., GA
R

LANOS C. and HO
T

LSBOER F. (1996):
Effects of granulocyte colony-stimulating factor on plasma cy-
t
6
okine and cytokine receptor levels and on the in vivo h

d
ost

response to endotoxin in healthy men. Blood, 87, 900–905.
14. PO

T
LLMACHER T., KO

T
RTH C., SC

[
HREIBER W., HE

W
RMANN W. and

MU
U

LLINGTON J. (1996): Effect of repeated administration of
gI ranulocyte colony-stimulating factor (G-CSF) on neutrophil
ce ounts, plasma cytokine and cytokine receptor levels. Cytokine,
8
f
, 799–803.

15. RE
W

PP R., VA
R

LERIUS T., WI
Y
ELAND G., BE

W
CKER W., ST

]
EININGER H.

DEO Y., HELM G., GRAMATZKI M., VV AN DE WINKEL J. G. and
LANG N. (1995): G-CSF-stimulated PMN in immunotherapy of
b
b
rest cancer with a bispecific antibody to Fc gamma RI and to

H
0

ER-2/neu (MDX-210). J. Hemother., 4
�
,�  415–421.

16. SHIRAFUJI N., MATSUDA S., OG
g

URA H., TANI K., KO
T

DO H.,
O
h

Z
S

AWA K., NA
R

GATA S., AS
i

ANO S. and TA
R

KAKU F. (1990): Gra-
nulocyte colony-stimulating factor stimulates human mature
nj eutrophilic granulocytes to produce interferon αN . Blood, 7

k
5,

17–19.
17. SH

l
ITARA Y., YU

U
GAMI S., IJm IMA H., SA

R
TOMATU M. and KU

U
-

ROUME T. (1994): Cytokine profile during high-dose rhG-CSF
t
6
herapy in severe congenital neutropenia. Am. J. Hematol., 45,
5
n
8–62.

18. WI
Y
LTSCHKE C., KR

Z
AINER M., WA

R
GNER A., LI

Y
NKESCH W. and

ZIELINSKI C. C. (1995): Influence of in vivo a5 dministration of
G
C

M-CSF and G-CSF on monocyte cytotoxicity. Exp. Hematol.,
2
o

3, 402–406.

Received in July 1998
Accepted in October 1998

9
:

 – Archivum Immunologiae... 1/99
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