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ABSTRACT

Sustained release or high levels of interleukin-1 ill.-l i and/or tumor

necrosis factor (TNF), as observed after endotoxin challenge, can produce
a variety of toxicities. Naturally occurring inhibitors to II -I and TNF,
IL-1 receptor antagonist iII .-Inil and soluble TNF receptor forms, have

been detected. These proteins may function to buffer or limit the effects of
these cytokines as part of a regulatory network. As part of a clinical trial
of recombinant human interleukin-lÃŸ (rlill ,-l/j). serial plasma samples

were obtained from 6 patients with metastatic melanoma treated with
30-min infusions of i lili ,-l/J for 5 consecutive days. The presence of
circulating IL-1 receptor antagonist and soluble TNF binding proteins
(TNF-R55-BP and TNF-R75-BP) were assessed. A maximum 86-fold in
crease for IL-lra, a 7-8-fold increase for TNF-R55-BP, and a 2-3-fold
increase for TNF-R75-BP were seen 2â€”4h, l h, and 4 h, respectively, after
i lili -I/! infusion. On each day of the treatment, the secretion of IL-lra
and release of TNF-R5S-BP was observed, but there was no accumulation
above baseline value for IL-lra before each of the 5 daily infusions.
Although there was a steady decrease of the 6-h postinfusion plasma levels
for IL-lra and TNF-R55-BP over the 5 treatment days, no increase of

clinical side effects was noted. Two patients had measurable levels of
TNF-a, but no correlation to TNF-binding proteins was observed. Our
data show that early after rhlL-lÃŸ infusion the induction of IL-lra se
cretion, as well as TNF-binding protein release, is observed.

INTRODUCTION

Interleukin-1 and tumor necrosis factor are cytokines produced by

activated monocytes/macrophages in response to infection, injury, or
antigenic challenge. By binding to specific, high affinity cell surface
receptors, both show a wide spectrum of inflammatory, metabolic,
physiological, hematopoietic, and immunological properties (1, 2).
These proteins mediate the beneficial and adverse effects of the host's

acute phase response to tissue injury (3). As a consequence of these
sustained or high levels of cytokine release, potentially harmful clin
ical manifestations such as hemodynamic instability or tissue damage
may ensue.

As part of a possible regulatory network that counteracts the po
tential detrimental effects of IL-13 and TNF-a, a number of naturally

occurring inhibitors of IL-1 and TNF-a bioactivity have been de
scribed (4-11). The human monocyte-derived inhibitor, IL-lra, is an
IL-1 family member that binds to the IL-1 receptors, blocking the
binding of IL-IÃŸand IL-IÃŸwithout having agonist effects itself,
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therefore acting as a receptor antagonist (9, 12-15). The in vivo
application of this IL-lra reduces the lethality of endotoxin-induced

shock in rabbits and mice (16, 17). TNF inhibitory activity has been
attributed to two proteins, representing the soluble cleaved TNF-R75
and TNF-R55, that bind to TNF and inhibit its actions and therefore
are called TNF-R75-BP and TNF-R55-BP (8, 18-21). Recently it has

been shown that experimental endotoxemia in baboons and in healthy
volunteers produces not only TNF and IL-1 but also IL-lra (22, 23)

and releases soluble receptor forms for TNF (24, 25) and that some
cancer patients have increased levels of soluble receptors for TNF
(26).

Recombinant human IL-lÃŸand IL-lÃŸ(27, 28) have become avail

able for clinical studies to evaluate the biological activities along with
their antineoplastic potential (29-33). To examine the role of a pos
sible counteracting network in cancer patients receiving rhlL-lÃŸ, we
analyzed plasma levels of IL-lra, TNF-R55-BP, and TNF-R75-BP.

MATERIALS AND METHODS

Patients. As part of a phase I clinical trial, 6 patients (2 females, 4 males),
mean age 54 years (34â€”70years), with metastatic melanoma received daily i.v.
infusions of human recombinant IL-lÃŸ (Syntex, Palo Alto, CA) as a short

infusion over 30 min on 5 consecutive days. Four patients received 0.05 /ig
rhIL-IÃŸ/kg body weight, one patient 0.02. and one 0.1 fxg/kg daily. All patients

were admitted to the Clinical Research Center at Stanford University Medical
Center and gave their written informed consent. The protocol for administering
rhIL-lÃŸwas approved by the Committee for the Protection of Human Subjects
in Research at Stanford University. To evaluate a correlation of IL-lra and
TNF-BP with clinical data, we used the Spearman rank analysis to correlate

maximum temperature, maximum pulse, and lowest systolic and diastolic
blood pressure recorded on each of the 5 treatment days with the n-h values of
IL-lra, TNF-R55-BP, and TNF-R75-BP of the corresponding days. The 6-h

time point was chosen, because at that time point pronounced hemodynamic
side effects were beginning to return to baseline and a possible regulatory
effect of the cytokine inhibitors was anticipated. Blood samples were drawn at
the indicated times, processed, and stored at -20Â°C until further analysis. Each
subject's specimens were batched for analysis, and specimens of all subjects

were assayed at the same time. We have found that plasma IL-lra, TNF-R55-
BP, TNF-R75-BP, and TNF-a are stable for more than 1 year when stored at
-20Â°C. The mean elapsed time between specimen harvest and performance of

the assays was 6.7 months for IL-lra, 4.2 months for TNF-R55-BP, and 18.3
months for TNF-R75-BP.

ELISA for TNF-R55-BP, TNF-R75-BP, and TNF. A sandwich ELISA has
previously been described for TNF-R55-BP in biological fluids (34), and an
assay for TNF-R75-BP was developed by the same principle. Briefly, %-well
immunoplates were coated for at least 3 h with monoclonal antibody TBP-1

(35) (kindly provided by Dr. GÃ¼nterAdolf, Ernst Boehringer Institute, Vienna,
Austria) to TNF-R55-BP, 2.5 /ig/ml, or monoclonal antibody utr-4 (kindly
provided by Dr. H. Gallati, F. Hoffmann-La Roche Ltd., Basel, Switzerland) to
TNF-R75-BP, 5 /ig/ml. Plates coated with utr-4 were further incubated with 1
mg/ml bovine serum albumin for 3 h at 37Â°Cfor blocking of unspecific binding
sites. Samples were loaded in duplicate and incubated overnight at 4Â°C.After

washing, 100 fil of a rabbit polyclonal antiserum to TNF-R55-BP (18) diluted
1:3600 or a rat monoclonal antibody to TNF-R75-BP (Genzyme, Cambridge,
MA), 0.2 ng/ml, was added, and plates were incubated for 3 h at 20Â°C

and washed. A peroxidase-conjugated goat anti-rabbit antibody (Bio-Rad,
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Richmond. CA) or a peroxidase-conjugated goat anti-rat IgG2b (Kemila, Sol-

lentuna, Sweden), diluted 1:2500, was allowed to bind during incubation for 1
h at 20Â°Cfor detection of TNF-R55-BP and TNF-R75-BP, respectively. After

washing, tetramethyl benzidine (Bio-Rad) was added as substrate and absor-

bance was measured at 660 nm or, after addition of H2SO4, at 450 nm in a
Titerek multiscan ELISA plate reader. Values were calculated from a standard
curve based on freshly prepared dilutions, 0.03â€”3ng/ml recombinant TNF-

R55-BP, or 0.08-1.25 ng/ml recombinant TNF-R75-BP. The detection limit for
TNF-R55-BP was 0.03 ng/ml and for TNF-R75-BP 0.08 ng/ml.

A sandwich ELISA was also used for measurements of TNF as described
previously (34). The detection limit for TNF was 0.02 ng/ml.

Assay of Plasma IL-lra. Samples were analyzed in triplicate on the com
mercially available R&D Systems IL-lra capture ELISA (Minneapolis, MN).

The sensitivity of the assay was 200 pg/ml at a plasma dilution of 1:5.
Interassay variation for TNF-R55-BP, TNF-R75-BP, and TNF was less than

10%, with the cutoff for IL-lra at 15%.

Data Analysis. Data are expressed as mean Â±SE, unless otherwise indi
cated. Spearman rank correlation analysis was used to correlate data of cyto-

kines and clinical data; 5% was chosen as level of significance.
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Fig. 2. Concentrations of IL-lra in plasma of 6 patients with metastatic melanoma
treated with i.v. rhIL-lÃŸ(30-min infusions) for 5 consecutive days. Data at pre- (D) and

6 h postinfusion â€¢¿�are means Â±SE.

RESULTS

Administration i.v. of rhIL-lÃŸto 6 cancer patients caused a marked
increase of IL-lra and TNF-R55-BP (Fig. 1, A and B) on day 1 from

baseline levels of 1.14 Â±0.79 ng/ml and 2.82 Â±0.61 ng/ml to peak
concentrations of 98.40 Â±9.00 ng/ml and 21.00 Â±1.37 ng/ml, re
spectively. The peak concentration of IL-lra and TNF-R55-BP was
reached at 2-A and 1 h, respectively, after start of the infusion with
rhIL-lÃŸ. Both IL-lra and TNF-R55-BP remained clearly elevated in

circulation until at least 8 h after infusion, before returning to baseline
values. TNF-R75-BP increased from 2.88 Â±0.14 ng/ml to peak con

centrations of 7.90 Â±0.98 ng/ml after 4 h and remained elevated at
6.0 Â±0.69 ng/ml until the next IL-lÃŸinfusion after 24 h (Fig. IB).
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Repetitive infusions of rhIL-lÃŸevery 24 h for 5 consecutive days
increased plasma IL-lra and TNF-R55-BP every day of treatment, as

shown with the values at 6 h postinfusion (Figs. 2 and 3), but did not
increase the baseline value for IL-lra and only marginally for TNF-
R55-BP before each new infusion. During 5 days of treatment, a
decreasing trend of the 6-h value for both IL-lra and TNF-R55-BP

with time was observed (Figs. 2 and 3). This statistical significance
was assessed by computing for each subject with measurements on at
least 3 days the rank correlation between IL-lra or TNF-R55-BP and

date. One of the 6 subjects was measured on only one day. The
average of these 5 rank correlation coefficients was 0.745 for IL-lra
and 0.625 for TNF-R55-BP with a SE of 0.26, yielding a P value
(2-sided) for trend: P < 0.004 and P < 0.02, respectively. TNF-
R75-BP increased with the initial IL-lÃŸinfusion, and pretreatment
levels remained elevated throughout the 5-day treatment period. IL-lÃŸ

infusion on each treatment day led only to a minor increase at 6 h
postinfusion of TNF-R75-BP (Fig. 3).

Peak levels on day 1 of IL-lra did not significantly correlate with
peak levels of TNF-R55-BP in the individual patients (rs = 0.023,
P = 0.75, n = 6). The 6-h postinfusion values of IL-lra and TNF-
R55-BP on 5 consecutive days (days 1-5), however, showed a sig
nificant correlation (rs = 0.76, P < 0.005, n = 21) in the Spearman
rank correlation analysis. The levels of IL-lra, TNF-R55-BP, and
TNF-R75-BP in the patients treated with 0.02 ftg/kg and 0.1 Â¿ig/kgof
rhIL-lÃŸ,respectively, did not differ from the levels of the four patients

treated with 0.05 /J-g/kg.

TNF-R55-BP TNF-R75-BP
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Fig. 1. Effect of i.v. rhIL-lÃŸ (30 min infusion) on day 1 on IL-lra (A) and TNF-
R55-BP and TNF-R75-BP (B ) in plasma of 6 patients with metastatic melanoma. Data are
means Â±SE. 4, n ~ 5; *n = 4.
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Fig. 3. Concentrations of TNF-R55-BP and TNF-R75-BP in plasma of 6 patients with
metastatic melanoma treated with i.v. rhIL-lÃŸ(30-min infusions) for 5 consecutive days.
Data of 4-6 patients at pre- (D) and 6 h postinfusion (â€¢)are means Â±SE.
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In 4 patients, TNF-a was below detectable levels at all time points.

In the blood samples of two patients treated with 0.05 ju-g/kg of
rhIL-lÃŸ,TNF-a was detected. One patient had levels ranging from 3.6

to 8.0 ng/ml. the other from 0.24 to 0.68 ng/ml, but no correlation to
TNF-R55-BP, TNF-R75-BP. or IL-Ira or trend over time was noted.

All of our patients developed fever, tachycardia, and hypotension as
clinical signs in response to rhIL-lÃŸ infusion (36). Using the Spear

man rank analysis maximum temperature, maximum pulse and lowest
diastolic blood pressure recorded on each day of the 5 treatment days
did not significantly correlate with the corresponding 6-h values of
IL-lra and TNF-R55-BP. In contrast, IL-lra and TNF-R55-BP showed

a significant, but negative correlation with the lowest recorded sys
tolic blood pressure (rs = -0.635/-0.655, P < 0.02), meaning that
despite lower levels for IL-lra, systolic hypotension was not more

severe.

DISCUSSION

Recent work from several investigators has shown the physiological
effects of IL-1 and the antagonistic action of IL-lra (1, 11, 13, 22, 23,
33, 36, 37). In this study, we demonstrate that the infusion of rhIL-lÃŸ
to cancer patients induces the interleukin-1 inhibitor IL-lra and also
releases soluble receptor forms for TNF. The concentration of IL-lra

begins to rise in the first hour and reaches its maximum value of
86-fold over baseline levels 120-240 min after the start of the rhIL-lÃŸ

infusion, before declining to baseline at 24 h. The maximum value of
IL-lra after rhIL-lÃŸ infusion exceeds 15 times the concentration of
IL-lra reported in two studies after endotoxin administration (22, 23).
The mechanism for the stimulation of IL-lra production remains
uncertain: it has been shown that IL-lÃŸitself is not a strong inducer
of IL-lra production from isolated peripheral blood mononuclear cells
(38). Consecutive treatment with rhIL-lÃŸinfusions for 5 days did not
lead to an accumulation of IL-lra over time, as the baseline values
before each rhIL-lÃŸadministration were less than 1.5 ng/ml, indicat

ing that a multiple day dose regimen is not impaired by increasing
amounts of IL-1 ra. Over 5 days of treatment, a decline of the 6-h value
of IL-lra was observed, but was surprisingly not accompanied by an

additional increase in clinical side effects such as increase in temper
ature, increase in pulse rate, or decrease of blood pressure, which are
symptoms seen in response to rhIL-lÃŸ infusion. On the contrary,
lower IL-lra values over time correlated with an increase in systolic
blood pressure. The decline in the 6-h level of IL-lra could be ex

plained by the adaptation or tachyphylaxis to the mechanism respon
sible for the secretion or de novo synthesis of IL-lra in response to
repetitive rhIL-lÃŸstimuli, such as down-regulation of the IL-1 recep

tor (39). Although peak concentrations of cytokine inhibitors are
reached early after rhIL-lÃŸinfusions, some of the side effects, such as

hypotension, occur with a lag period of several hours, maybe due to
secondary mediators of rhIL-lÃŸ,such as nitric oxide as a vasodilator,
that cannot be attenuated by IL-lra. Therefore, effects of rhIL-lÃŸ

would not necessarily be maximally attenuated in the presence of peak
concentrations of cytokine inhibitors.

Increased serum levels of soluble receptor forms for TNF in cancer
patients have been reported and were in the same range as the baseline
values observed in our study (26). However, rhIL-lÃŸadministration
led to a time-dependent increase in TNF-R55-BP levels reaching a
maximum of 21 ng/ml l h after the beginning of the rhIL-IÃŸinfusion,

before returning to baseline values after 12 h. On the consecutive days
of treatment, no substantial increase in TNF-R55-BP before treatment
was observed, but as shown by the 6-h values, TNF-R55-BP did
increase after each rhIL-lÃŸinfusion. The levels of TNF-R55-BP seen
here in response to rhIL-lÃŸ infusion exceed those reported after

endotoxin administration (24, 25). At concentrations of 20 ng/ml of

TNF-R55 BP, a weak inhibition of TNF-mediated cytotoxicity in
WEHI 164 cells was observed (25). TNF-R75-BP was increased by
IL-lÃŸinfusion on the first day. The TNF-R75-BP concentration curve

did not reach a maximum and showed a prolonged elevation over 24
h. A similar curve of TNF-R75-BP levels was observed after endo
toxin administration (25). TNF-R75-BP levels remained elevated for

the remaining treatment period with only minor increases after each
IL-lÃŸinfusion. Our results suggest a difference in the in vivo induc
tion mechanism for the two TNF-binding proteins. In contrast to our
in vivo data, rhIL-lÃŸ itself is not able to stimulate TNF-BP release

in vitro (40). TNF has been proposed as one physiological stimulus for
the release of soluble receptor forms, inasmuch as administration of
TNF to cancer patients was followed by increased levels of TNF-BP

(20, 41). However, in the present study, plasma TNF was only meas
urable in 2 of our 6 patients and would not explain the course of the
TNF-R55-BP and TNF-R75-BP levels observed unless a local pro

duction of TNF in involved tissues was not detectable in plasma. Like
the secretion of IL-lra, the mechanism for the release of TNF-R55-BP
and TNF-R75-BP in response to rhIL-lÃŸadministration remains un

known. It has been reported that the binding of TNF to fibroblasts and
cells from SV-80 and HeLa cell lines was markedly reduced after
incubation with IL-1 (42).

Our data show that the secretion of IL-lra as well as the release of
TNF-R55-BP and TNF-R75-BP are induced by rhIL-lÃŸinfusion, and

that these inhibitors could function as part of a regulatory network
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