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REGULATION OF THE PRODUCTION
OF PRO-INFLAMMATORY CYTOKINES

AND ANTAGONISTS DURING
CHEMOTHERAPY-INDUCED NEUTROPENIA

IN PATIENTS WITH HAEMATOLOGICAL
MALIGNANCIES*

Nathalie E. J. Denecker,1 Bart-Jan Kullberg," Joost P. H. Drenth,
John M. M. Raemaekers,2 Jos W. M. Van Der Meer

Cytokine profiles were studied during 19 episodes of chemotherapy-induced neutropenia in 17
patients with haematological malignancies. Circulating concentrations of interleukin la (IL-la),
tumour necrosis factor a (TNF-a) and 1L-1 receptor antagonist (IL-lra) were measured before
chemotherapy and thereafter three times weekly. During and after chemotherapy no significant
changes were found In circulating cytokines. After start of chemotherapy, the ex-vivo
LPS-stimulated production of cytokines in whole blood decreased and subseguently disappeared
completely In all patients, and recovered after the end of treatment. The decrease of cytokine
production could not be attributed to the decreased number of cells only, as the net production
per circulating neutrophil or monocyte also decreased significantly, and was restored after
completion of chemotherapy. These results show that the production of IL-Ip, TNF-a and IL-Ira
In blood disappears during chemotherapy-induced neutropenia, not only due to the decreased
number of producing cells, but also as a result of a decreased production per cell, suggesting

a mechanism of downregulation.

Interleukin 18 (IL-13) and tumour necrosis
factor-a (TNF-a) are pro-inflammatory cytokines
which play an important role In inflammation and
fever-related processes.1?2 These cytokines are central
mediators In the pathogenesis of sepsis and septic
shock.- Interleukin 1 receptor antagonist (IL-Ira) Is
also produced early In the course of infection,2and as
an Inhibitor of the effects of IL-1 it plays an important

role in the normal and pathological activities of IL-1.4

Neutropenic patients are severely Immuno-
compromised and are particularly prone to infections,
these being the major cause of death In those patients
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as established during autopsy.5 In granulocytopenic
patients with fever, an infection can be demonstrated
In about 50%.6 Serum concentrations of TNF, IL-1
and IL-6 have been found elevated In neutropenic
children with fever, but no correlation could be
found with a documented bacterial aetiology.7 In
another study, serum concentrations of TNF decreased
during chemotherapy-induced neutropenia and In-
creased when patients developed a bacterial infection.8
In order to enable proper interpretation of cytokine
patterns during Infections, data are needed about
the cytokine response to anticancer chemotherapy
and neutropenia itself. It may be hypothesized that
leukopenia may lead to reduced production of
cytokines due to the reduced number of cytokine-pro-
ducing cells. Alternatively, regulatory mechanisms may
lead to enhanced production of pro-inflammatory
cytokines during leukopenia, In view of their role
In haematopolesis. Studies In mice have shown
that concentrations of circulating TNF and IL-6 are
considerably higher In granulocytopenic mice Infected
with Candida albicans than In normal mice,9D but
the cellular source of these cytokines Is unknown.
Little information exists about cytokine profiles of
pro-inflammatory cytokines during neutropenia In
humans.
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TABLE 1.

Patient
NO.

1

2

10

Patient characteristics.

Age
(year)/sex

71/F
51/F
21/M
50/F

38/M

19/F

50/M

26/M

46/M

217IF

Diagnosis

AML

AML

AML

AML

AML

AML

AML

NHL

NHL

NHL

Clinical status
1st relapse
newly diagnosed
1st relapse

1st complete
remission

newly diagnosed
1st relapse
newly diagnosed
1st complete
remission

1st relapse

2nd complete
remission

2nd complete
remission

Chemotherapy and
duration (days)

ARA-C
DAU
ARA-C
DAU
ARA-C
IDA
ARA-C
IDA
ETO
CYT
IDA
ARA-C
IDA
ETO
CYT
IDA
CFM
MTX
ARA-C
ARA-C
MIT
CFM
MTX
ARA-C
CAR
ETO
ARA-C
MEL

1-7

1

1-6

A6

1-5 & 6-15
2+ 4+ 6
1-4

1-4

1-5

1& 1-10
1+3 + 5
1-5 & 6-15
1+3 + 5
1-5

1 & 1-10
1+3 + 5

Co-medication

no
Prednisone
day 5-9

no

no

no
Prednisone

day 7-15
no

no

G-CSF
day 8

G-CSF
day 10

Nno

Infection

no

no
1) Staphylococcus epiclermidis septicaemia
2) Aspergillus pneumonia

no
1) Staphlococcus aureus lymphadenitis
2) Pseudomonas aeruginosa malignant otitis

externa

1) Pseudomonas aeruginosa mucositis

2) Staphylococcus epidermidis septicaemia
no

no

no

Streptococcus oralis septicaemia

no

Duration of
neutropenia (d)

14
9
42

19

*

60

21

19

17

14

12

Duration of
follow up (d)

17
18
37
30

36

36

30

10

3l

50

continued
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continued from page 703

1 26/F NHL refractory CFM 1-4 Prednisone Enterococcus urinary tract infection 6 29
ARA-C 1-4 day —4/—1
ASP 5-8
refractory ARA-C 1-5 Solumedrol no 10 18
MIT 4-6 day 1-3
12 29/M NHL refractory CFM 1+8 Prednisone no 9 25
DAU 1-3 day 1-22
VIN 1+8+15 + 22
MTX 1+8+15 + 22 .
13 21/F ALL newly diagnosed CFM 1+ 8 Prednisone no 12
DAU 1-3 day 1-23
VIN 1+8+15 + 22
MTX 5+12+19 + 26
14 27/IM AUL 1st complete IDA 1-2 no Streptococcus mitis septicaemia 50 36
remission CFM 11-12
TBI 7+ 8
15 39/M RAEB-t newly diagnosed IDA 1+3 + 5 no Clostridium septicum septicaemia 15 47
ARA-C 1-10
ETO 1-5
16 38/M HCL 1st relapse LEU 1-7 no no t 4 9
17 22/M HL 2nd complete CAR 1 no Staphylococcus epidermidis septicaemia 16 37
remission ETO 2-5
ARA-C 2-5
MEL 6

*Neutropenia was present at the time of diagnosis.

tPMN not below 0.5 x 10Y1 during the follow-up period.

M. male; F, female; NHL, non-Hodgkin’s lymphoma; AML, acute myelogenous leukaemia; ALL. acute lymphocytic leukaemia; HCL, hairy cell leukaemia; AUL. acute undifferentiated leukaemia; RAEB-t. refractory anaemia
with excess of blasts in transmission; HL, Hodgkin's lymphoma; CFM, cyclophosphamide; MTX, methotrexate; ARA-C, cytosine arabinoside; MIT. mitoxantron; DAU, daunorubicin; VIN. vincristine; CAR, carmustin;
ETO, etoposidc; MEL, melfalan; ASP, asparaginase; IDA, idarubicine; LEU, leustatin; CYT, cytarabine; TBI, total body irradiation.
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Human cytokine production 1Is usually studied
In vitro using peripheral blood mononuclear cells
(PBMC). However, not only PBMC are known to be
cytokine producing cells, but also neutrophils produce
IL-lra" and, although to a far less extent than
monocytes, IL-1.2 The latter Is also synthesized by
many other cell lineages than leukocytes.I3 Therefore,
we Investigated the production capacity of IL-IB,
TNF-a and IL-lra In whole blood In patients
with haematological malignancies at various stages of
chemotherapy and neutropenia In the absence of
Infection.

RESULTS

Patient characteristics

The clinical characteristics of the patients are
presented In Table 1 A variety of chemotherapy
regimens was (diven for haematological disorders.
The median duration of chemotherapy treatment was
7/ days (range 4 to 26 days) with a median patient
follow-up period of 30 days (range 9 to 50 days)
and a median follow-up period after the end of the
chemotherapy of 21 days (range O to 44 days). The
median duration of neutropenia was 15.5 days (range
6 to 60 days). Two patients (patients 5 and 13) were
already neutropenic before start of the chemotherapy
and the neutrophil count of patient 16 remained above
0.5 X 1091 during the follow-up period. Five patients
recelved systemic corticosteroids as part of their
chemotherapy regimen and one patient (patient 11)
finished corticosteroid treatment just before start of the
chemotherapy. Granulocyte colony-stimulating factor
(G-CSF) was given In two episodes immediately after
the end of the chemotherapy. Patients 10, 14 and 17
received high-dose preparative treatment for sub-
sequent autologous stem cell transplantation. Eight
patients developed a microbiologically proven infection
during their hospital stay. In six of these patients, the
diagnosis of septicaemia was established by positive
blood cultures.

Circulating cytokines

Before chemotherapy, circulating IL-I8 con-
centrations In non-neutropenic patients were higher
than In healthy controls (P < 0.002). TNF-a and
IL-lra In the circulation did not differ from controls
(Table 2).

During and after chemotherapy, no significant
changes In the circulating concentrations of cytokines
were found for IL-IB8, TNF-a or IL-lra (data not
shown). Neither treatment with corticosteroids or
G-CSF nor the presence of infection had an effect
on concentrations of circulating cytokines (stepwise
regression analysis; data not shown).

Cytokine production during neutropenia / 705

TABLE 2. Cytokines before chemotherapy.

Patients Controls
("= 17) (n= 20)
Circulating cytokines (pg/ml)
IL-103 4 £ 33* 44 £10
TNF-a 94 + 20 902 +17
IL-lra 298 +138 237 = 92
LPS-stimulated cytokine production ex vivo (pg/ml)
IL-103 10982 + 7374 7635 = 3509
TNF-a 5008 + 2261 6804 + 2249
IL-lra 8290 + 2465| 12 342 + 3374

Results are expressed as mean = standard deviation.
*Significantly higher in patients than in controls @ < 0.002).
tSignificantly lower in patients than in controls (P< 0.001).

Ex-vivo cytokine production

Before chemotherapy, the non-neutropenic
patients showed a significantly lower ex-vivo IL-Ira
production compared to healthy controls (P < 0.001).
No difference was detected for IL-I3 or TNF-a
(Table 2). In the two patients who were already
neutropenic before chemotherapy, the ex-vivo pro-
duction of all cytokines tested was extremely low
(<500 pg/ml). In all patients the net ex-vivo pro-
duction of the three cytokines decreased below
500 pg/ml and successively disappeared completely
after chemotherapy was started. Production of
cytokines increased again after end of treatment, upon
neutrophil recovery (Fig. 1). This pattern was not
Influenced by administration of G-CSF or corticos-
teroids, and there was no significant difference between
patients with or without Infections (stepwise regression
analysis; data not shown). Cytokine production
decreased below 500 pg/ml after a median of 4.5 days
(range 1-12 days) for IL-I3, 3.5 days (1-11 days) for
TNF-a and 10 days (4-15 days) for IL-lra. For the
cytokines studied, a net production of more than
500 pg/ml was regained after a median duration of 15
days after completion of chemotherapy, with a range
of 0-24 days for IL-1R and TNF-a, and 0-21 days for
IL-Ira. In only one patient the cytokine production
was restored before the whole chemotherapy cycle was
finished.

Ex-vivo cytokine production expressed per cell

In order to assess whether the observed reduction
of ex-vivo cytokine production iIs solely due to a
decrease of the number of cytokine-producing cells,
the net production capacity measured in whole blood
was expressed per neutrophil and per monocyte,
respectively. To normalize for the wide variation iIn
neutrophil number among our patients, Figures 2
and 3 depict the time course of the net cytokine
production capacity, with numbers of PMN normal-
1Ized by expressing the PMN count iIn terms of
percentage of the iInitial count before chemotherapy.
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chemotherapy

Days after completion of
chemotherapy

Figure 1. LPS-stimulated net ex-vivo production of IL-I3, TNF-a
and IL-lra Iin whole blood before, during and after chemotherapy In
17 patients treated with anticancer chemotherapy (mean + SEM).

Significant differences between consecutive time points are indicated
(*P < 0.05),

Interestingly, the production of all three cytokines
measured decreased rapidly before the number of
circulating cells began to decrease. Most notably, this
decreased production was even observed In those
patients who showed an Initial increase of the number

CYTOKINE, Vol. 9, No. 9 (September, 1997: 702-710)

of neutrophils after start of chemotherapy. Therefore,
the cytokine production as expressed per cell was
significantly decreased after the start of chemotherapy,
both when expressed per neutrophil (Fig. 2) and per

£
d
CO.
I | |11 1V V Vi VIl VIII
Stage of neutropenia
£
0

B o

I 1 |11 1V V VI VIl VI
Stage of neutropenia

=g w@ thitH

I 1 |11 AV vV VI VIl VIII
Stage of neutropenia

Before Introduction of
chemotherapy neutropenia

Neutrophil recovery

Figure 2. LPS-stimulated net ex-vivo production of IL-IB3, TNF-a
and IL-Ira in whole blood expressed per neutrophil during consecutive
stages of anticancer chemotherapy treatment iin 17 patients
(mean =+ SEM).

|, before chemotherapy: I, PMN remaining > 100% of initial value:
11, PMN decreasing from 100% to 20% of initial value; IV, PMN
20-2%: V, PMN 1-0%; VI, PMN Increasing from 0% to 10% of
Initial value; VII, PMN 10-50%; VIII, PMN >50% of initial value.
Significant differences between consecutive time points are indicated
(*f>< 0.05).



monocyte (Fig. 3). In contrast, the production of
IL-lra as expressed per circulating monocyte appeared
to increase (Fig. 3), although its total production
decreases significantly upon induction of neutropenia

(Fig. 1).

100
90
80
% 60
§) 50
40
CO-
30
20
10
0
VII VIII
Stage of neutropenia
40
@ 30
:
S
p 2
q
£ 10 -
0
VIl VIII
Stage of neutropenia
I | |11 AY/ V VI  VII VI
Stage of neutropenia
Before Introduction of Neutrophil recovery

chemotherapy neutropenia

Figure 3. LPS-stimulated net ex-vivo production of IL-IB, TNF-a
and IL-Ira in whole blood expressed per monocyte during consecutive
stages of anticancer chemotherapy treatment 1In 17 patients
(mean £ SEM).

|, before chemotherapy; I, PMN remaining > 100% of initial value;
11, PMN decreasing from 100% to 20% of initial value; IV, PMN
20-2%; V, PMN 1-0%; VI, PMN increasing from 0% to 10% of
initial value; VII, PMN 10-50%; VIII, PMN >50% of initial value.
Significant differences between consecutive time points are indicated
(*P< 0.05).
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During recovery from neutropenia after com-
pletion of the chemotherapy cycle, cytokine production
was restored, even before the number of cells began to
rise (Fig. 2). When the ex-vivo cytokine productior
capacity at various PMN counts during inductionr
of neutropenia was compared to the productior
at corresponding PMN counts during recovery,
production of IL-I3, TNF-a and IL-lra during the
recovery phase was significantly higher than during
the Induction of neutropenia, even though the total
amount of circulating cells was the same in both groups
(data not shown).

DISCUSSION

In the present study we Investigated cytokine
profiles In patients with haematological malignancies
before, during and after chemotherapy In a whole
blood culture system. Circulating concentrations of
IL-18 were significantly elevated In these patients
before treatment, but chemotherapy and induction of
neutropenia did not influence IL-I3, TNF-a or IL-lra
concentrations in plasma. The net production of IL-If3,
TNF-a and IL-Ira in whole blood disappeared rapidly
during chemotherapy, already before induction of
neutropenia. When expressed per circulating neutro-
phil or monocyte, the cytokine production capacity
decreased immediately after start of the chemotherapy,
Independently of the number of cells, suggesting a
mechanism of downregulation of cytokine production
after chemotherapy. After completion of chemo-
therapy, the net production of the three cytokines
Increased again before the number of cells did,
probably due to an enhanced production per cell.

The downregulation of cytokine production after
the start of chemotherapy may be caused by a direct
cytotoxic effect of the therapy. The finding that the
decrease of cytokine production capacity occurred
regardless of the chemotherapy regimen used, suggests
that the mechanism for this downregulation Is not
specific. The fact that this occurred for all three
cytokines studied implies a general toxic effect on the
cell, interfering with various cellular mechanisms.
Ridgway and BorzyX¥have demonstrated that antineo-
plastic treatment for children with acute lymphocytic
leukaemia (ALL) can damage the mechanisms which
lead to cytokine production in PBMC. In the present
study we have shown that the cytokine production
during the recovery of the neutrophils Is significantly
higher than during the induction of neutropenia, even
when the number of circulating PMN Is similar in both
phases, which supports the hypothesis that a cytotoxic
effect plays a role. Alternatively, the rise In cytokine
production per cell during the recovery phase may be
accounted for by exposure of circulating cells to other
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cytokines and growth factors that are produced during
this period of increased haematopoietic activity, such
as G-CSF.

Our study included two patients with newly
diagnosed leukaemia who were already neutropenic
before administration of chemotherapy. The ex-vivo
production of the three cytokines measured was
downregulated In these patients at the time of
Inclusion. This suggests that other mechanisms than
cytotoxic drugs may be responsible for this down-
regulation as well, which In this case could be the
disease or the neutropenia itself. In our study however,
there was no difference In cytokine production between
non-neutropenic cancer patients and healthy controls,
with the exception of a significant lower ex-vivo pro-
duction of IL-Ira In patients. Although the group of
patients studied Is relatively small and quite diverse In
terms of primary haematological disease, the pattern of
reduced ex-vivo cytokine production during induction
of neutropenia was found in all patients studied. These
observations suggest that the malignant disease itself
does not severely affect cytokine production. It cannot
be excluded that neutropenia itself, directly or
Indirectly, may contribute to reduced cytokine pro-
duction. Therefore, It Is obvious that further studies
need to be carried out In patients who are neutropenic
due to other causes than chemotherapy.

To our knowledge, this study iIs the first to
Investigate cytokine production during granulocytope-
nia using a whole blood culture system. Whole blood
can be used as a reliable alternative to PBMC to
measure cytokine production upon stimulation with
LPS, providing a simple method that requires minimal
laboratory facilities and which maintains a physiologi-
cal environment.B6 PBMC from children treated
with continuous maintenance therapy for ALL have
a decreased ability to produce IL-1 and GM-CSF, 4
which Is consistent with our observations In whole
blood. Takamatsu et al. showed that a significant
Increase of IL-I3, IL-6 and G-CSF production by
monocytes occurs In adults with various haematologi-
cal malignancies during haemopoletic recovery after
chemotherapy treatment, when compared with normal
healthy subjects.T

It may be questioned whether the observed
down-regulation of cytokine production during
chemotherapy-induced neutropenia Is beneficial. It
could be hypothesized that due to an extremely low
production of pro-inflammatory cytokines, these
patients are less prone to develop severe sepsis syn-
drome. However, IL-lra, which Is thought to protect
against lethal sepsis, has also been downregulated. If
chemotherapy directly affects the ability to produce
TNF-a and IL-1 then this could, at least partly, explain
the bone marrow toxicity and the greater risk of
Infections In these patients. Indeed, IL-1 has been

CYTOKINE, Vol. 9, No. 9 (September, 1997. 702-710)

shown to accelerate bone marrow recovery after myelo-
suppressionB and TNF-a has protective effects on
haematopolesis In animals given cycle-specific chemo-
therapy.yTNF-a also possesses anti-viral activityDand
enhances neutrophil function2.and so may be beneficial
In controlling Infections during neutropenia.

Most studies done so far In neutropenic patients
have only reported on circulating cytokines and have
not taken Into account ex-vivo production capacity.
Circulating concentrations may represent the cytokines
available in the bloodstream, but may not provide an
accurate measurement of cell activation. The LPS-
stimulated production capacity of circulating cytokine
producer cells may more accurately reflect the immune
response, although it has to be considered that these
cells may not be representative of the behaviour of
extravasated or adherent cells in local Iinflammatory
areas. Whereas the circulating TNF-a concentrations
In our patients did not differ from those In healthy
controls, several Investigators have found Increased
pretreatment concentrations of serum TNF-a In
acute myelogenous leukaemia (AML) patients.2ZBThis
difference could possibly be explained by the different
patient populations, as only AML patients were
Included in those studies. This Is supported by the fact
that In the same study no difference for TNF-a was
found when the controls were compared to patients
with Non-Hodgkin’s lymphoma (NHL).2 Others have
reported a significant decrease of circulating TNF-a
after chemotherapy In patients with acute leukaemia
developing neutropenia.88 A possible explanation
could be that In those studies an ELISA was used for
measurement of TNF-a, whereas we used a RIA which
also measures circulating TNF-a bound to its soluble
receptor (STNFR).

Attempts to correlate circulating cytokine levels
with fever or proven infections In neutropenic patients
have been made by many investigators.785Z/ Although
the aim of the present study was to assess the effect
of neutropenia and chemotherapy per se on cytokine
production rather than to study cytokines during
Infection, 6 patients In our study group had proven
bacteraemia. Although these numbers are too small to
draw definite conclusions, our data did not show any
correlation between concentrations of circulating
cytokines and the presence of an infection.

In conclusion, although no change was found
In circulating cytokine concentrations, ex-VIVO pro-
duction of IL-18, TNF-a and IL-lra in whole blood
disappeared rapidly after start of chemotherapy.
This effect 1s not only due to the decreased number of
producing cells, but Is also a result of a decreased
production per cell. This suggests a mechanism
of downregulation of cytokine production during
chemotherapy-induced neutropenia, most likely due to
a cytotoxic effect of chemotherapy.



MATERIALS AND METHODS

Study protocol

Consecutive Inpatients with leukaemia or malignant
lymphoma who were eligible for chemotherapy were enrolled.
Over a 4-month period 19 neutropenic episodes Iin 17 patients
(10 men and 7 women) with a median age of 29 years (range
19 to 71 years) were studied. Neutropenia was defined as
<0.5 X 109 polymorphonuclear cells (PMN)/1. Twenty
healthy volunteers (5 men, 15 women; median age 44.5 years;
range 19 to 62 years) served as normal controls.

Blood was drawn once before the start of chemotherapy
and thereafter three times weekly during the hospital stay
and when possible also after discharge during visits at
the outpatient clinic. For collection of cytokines special
endotoxin-free tubes containing 48 [il of EDTA were used
(Vacutainer Systems; Becton Dickinson, Rutherford, NJ).
The plasma of one tube was immediately processed to avoid
ex-vivo cytokine induction.8 This tube was centrifuged at
2250 X g for 10 min and then at 20 000 x g for 5 min to
obtain platelet-poor plasma. The supernatants were stored at
—20 C until analysis for circulating cytokines. EXx-vivo
cytokine production was measured using a whole blood
culture system as described earlier.® Briefly, 4 ml of blood
was incubated with or without 50 jil of lipopolysaccharide
(LPS; Escherichia coli serotype 055:B5, final concentration
10 jig/ml; Sigma, St Louis, MO). After 24 h of incubation at
37°C the blood was centrifuged as described above and
plasma was collected and stored at —20°C until assayed for
cytokines. Leukocyte numbers and differential counts were
determined with an automated H3 counter (Bayer Technicon
Mijdrecht, The Netherlands).

Cytokine assays

Concentrations of IL-IB3, TNF-a and IL-lra were
determined iIn plasma and measured In duplicate by
radioimmunoassay (RIA) as described earlier. The sensi-
tivity of the assay with 100 |[Usample for circulating cytokine
measurement was 20 pg/ml (TNF-a), 40 pg/ml (IL-IB) and
60 pg/ml (IL-lra). For measurements of ex-vivo production,
25 jJal (TNF-a) or 10j.1l (IL-IB8 and IL-lra) of sample were
used In the RIA; the sensitivity of these measurements was
80 pg/ml for TNF-a, 40 pg/ml for IL-I8 and 600 pg/ml for
IL-Ira. The net cytokine production capacity was expressed
as cytokine contents after LPS-stimulated incubation minus
contents after incubation without LPS.

Statistical analysis

Statistical comparisons were performed using the
Mann-Whitney U test or the 2-sided Student /-test. The
relationship between circulating cytokines or net cytokine
production and number of neutrophils, presence of infection
and medication was assessed by stepwise regression analysis.
Statistical significance was defined as P < 0.05.

Acknowledgements

We thank Marielle Spruytenburg, Raymond
Krebbers and Gerard Pesman for helping with the

Cytokine production during neutropenia / 709

cytokine assays, Theo de Boo for statistical analysis
and Alastair Paice for his remarks on the manuscript.

This work was supported In part by a grant from
the Vesalius Foundation (Brussels) and by a grant from
Glaxo Belgium.

REFERENCES

1 Dinarello CA, Cannon JG, Wolff SM (1988) New concepts
on the pathogenesis of fever. Rev Infect Dis 10:168-189.

2. Van Deuren M, Doffernoff ASM, Van der Meer
JWM (1992) Cytokines and the response to infection. J Pathol
168:349-356.

3. De Bont ESJM, Martens A, Van Raan J, Samson G, Fetter
WPF, Okken A, De Lei JLHFM (1993) Tumor necrosis factor-a,
Interleukin- 13, and iInterleukin-6 plasma levels in neonatal sepsis.
Pediatr Res 33:380-383.

4. Conti P, Feliciani C, Barbacane RC, Panara MR,
Reale M, Placido FC, Sauder DN, Dempsey RA, Amerio P (1992)
Inhibition of interleukin-1 8 mMRNA expression and interleukin-1 3
and a secretion by a specific human recombinant interleukin-1
receptor antagonist in human peripheral blood mononuclear cells.
Immunology 77:245-250.

5. Brown AE (1984) Neutropenia, fever and infection. Am J
Med 76:421-428.

6. Pizzo PA, Robichaud KJ, Wesley R, Commers JR
(1982) Fever In the pediatric and young adult patient with cancer.
Medicine 61:153—165.

/. Ritkonen P, Saarinen UM, Teppo A, Metsarinne K,
Fyhrquist F, Jalanko H (1992) Cytokine and acute-phase reactant
levels In serum of children with cancer admitted for fever and
neutropenia. J Infect Dis 166:432-4306.

8. Bruserud 0, Bergheim J, Shammas FV, Nesthus I
(1994) Serum concentrations of tumour necrosis factor-a during
chemotherapy-induced leukopenia in patients with acute leukemia
and bacterial infections. Leukemia Res 18:415-421.

9. Steinshamn S, Waage A (1992) Tumor necrosis factor
and interleukin-6 In Candida albicans infection in normal and
granulocytopenic mice. Infect Immun 60:4003-4008.

10. Netea MG, Blok WL, Kullberg BJ, Bemelmans M, Vogels
MT, Buurman WA, Van der Meer JWM (1995) Pharmacologic
Inhibitors of tumor necrosis factor production exert differential
effects In lethal endotoxemia and in infections with live micro-
organisms in mice. J Infect Dis 171:393-399.

11. Arend WP (1991) Interleukin 1 receptor antagonist. J Clin
Invest 88:1445-1451.

12. Hsi ED, Remick DG (1995) Monocytes are the major
producers of interleukin-18 In an ex-vivo model of local cytokine
production. J Interferon Res 15:89-94,

13. Dinarello CA (1991) Interleukin-1 and Interleukin-1
antagonism. Blood 77:1627-1652.

14. Ridgway D, Borzy MS (1992) Defective production of
granulocyte-macrophage colony-stimulating factor and interleukin-1
by mononuclear cells from children treated for acute lymphoblastic
leukemia. Leukemia 6:809-813.

15. Finch-Arietta MB, Cochran FR (1991) Cytokine pro-
duction in whole blood ex vivo. Agents Actions 43:49-52.

16. Nerad JL, Griffiths JK, Van der Meer JWM, Endres S
Poutsiaka DD, Keusch GT, Bennish M, Salam MA, Dinarello CA,
Cannon JG (1992) Interleukin-13 (IL-18), IL-1 receptor antagonist,
and TNF-a production in whole blood. J Leukocyte Biol 52:687-692.

17. Takamatsu Y, Akashi K, Harada M, Teshima T, Inaba S,
Shimoda K, Eto T, Shibuya T, Okamura S, Niho Y (1993)
Cytokine production by peripheral blood monocytes and T cells
during haemopoietic recovery after intensive chemotherapy. Brit J
Haematol 83:21-27.



710 / Denecker et al

18. Fibbe WE, Willemze R (1991) The role of interleukin-1in
hematopoiesis. Acta Haematol 86:148-154.

19. Slordal L, Warren DJ. Moore MAS (1990) Protective
effects of tumor necrosis factor on murine hematopoiesis during
cycle-specific cytotoxic chemotherapy. Cancer Res 50:4216-4220.

20. Wong GHW. Goeddel DW (1986) Tumour necrosis factors
a and B inhibit viral replication and synergize with interferons.
Nature 323:818-822.

21. Perussia B. Kobayashi M. Rossi ME, Anegon |, Trinchieri
G (1987) Immune interferon enhances functional properties of
human granulocytes: role of Fc receptors and effect of lymphotoxin,
tumor necrosis factor and granulocyte-macrophage colony-
stimulating factor. J Immunol 138:765-774.

22. Stasl R, Stipa E, Masi M, Oliva F. Sciarra A, Perrotti A,
Zaccarl G. Papa G (1993) Antiphospholipid antibodies: Prevalence,
clinical significance and correlation to cytokine levels In acute

myeloid leukemia and non-Hodgkin's lymphoma. Thromb Haemo-
stasis 70:568-572.

23. Cimino G. Amadori S, Cava MC, De Sanctis V. Petti MC,
Di Gregorio AO. Sgadari C. Vegna L, Cimino G, Mandelli F (1991)
Serum interleukin-2 (I1L-2). soluble IL-2 receptors and tumor necrosis
factor-alfa levels are significantly increased In acute myeloid
leukemia patients. Leukemia 5:32-35.

CYTOKINE, Vol. 9. No. 9 (September, 1997. 702-710)

24. Beksac M. Ertiirk S, Akan H, Ko¢ H, Lilian O (1993)
The clinical correlations of serum tumor necrosis factor-alpha In

acute leukemias: A predictor of response and relapse? Leukemia
7:1773-1776.

25. Greendyke RM, Sharma K, Gifford FR (1994) Scrum
cytokine levels In patients with neutropenia. Arch Pathol Lab Med
118:1193-1195.

26. Herrmann JL, Blanchard H, Brunengo P, Lagrange PH
(1994) TNF-a, IL-I8 and IL-6 plasma levels In neutropenic patients
after onset of fever and correlation with the C-reactive protein (CRP)
Kinetic values. Infection 22:309-315.

27. Engervall P, Andersson B, Bjorkholm M (1995) Clinical
significance of serum cytokine patterns during start of fever In
patients with neutropenia. Br J Haematol 91:838-845.

28. Cannon JG. Nerad JL, Poutsiaka DD, Dinarello CA (1993)
Measuring circulating cytokines. J Appl Physiol 75:1897-1902.

29. Van Deuren M, Van der Ven-Jongekrijg J, Keuter M,
Demacker PNM. Van der Meer JWM (1993) Cytokine production
In whole blood cultures. J Int Fed Clin Chem 5:216-221.

30. Drenth JPH, Van Uum SHM, Van Deuren M, Pesman GJ,
Van der Ven-Jongekrijg J, Van der Meer JWM (1995) Endurance run
Increases circulating IL-6 and IL-lra but downregulates ex vivo
TNFcc and IL-18 production. J Appl Physiol 79:1497-1503.



