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Summary

To elucidate the role of cytokines in brain repair processes and
in local inflammation after neurosurgical procedures, cerebrospinal
fluid (CSF) samples from 8 patients with intra-axial tumours and 8
patients with extra-axial tumours were analysed for interleukin
(IL)-1beta, IL-1 receptor antagonist (IL-1ra), IL-6, IL-8, IL-10, and
tumour necrosis factor (TINF)-alpha at the beginning and after sur-
gery. Levels of IL-6 and IL-8 increased dramatically in all patients
just hours after surgery and fell during subsequent days. IL-1beta
was found only in low amounts in the CSF of both patient groups.
Other cytokines demonstrated different courses. In patients with
intra-axial tumours IL-1ra peaked two to four hours after surgery
with a subsequent decrease. In patients with extra-axial tumours
there was a continuous low-level IL-1ra release into the CSF with-
out a peak. TNF-alpha was not present in detectable levels in the
CSF after surgery for extra-axial tumours but was found to peak
two to four hours after surgery for intra-axial tumours. IL-10 was
detected in the CSF of both patient groups, but a higher peak was
seen after surgery for extra-axial tumours. These results suggest
different requirements for the cytokine response and an involve-
ment of different cell types in cytokine release. However, the anal-
ysis of the CSF from both patient groups showed no differences in
cell counts and populations, with a mild pleocytosis being present
in both patient groups after surgery. Therefore, we conclude that
after surgery for extra-axial tumours cytokines were predominately
produced by non-immune cells stimulated through hypoxia or
mechanical irritation. After surgery for infra-axial tumours with a
significant brain injury immune cells — activated by necrotic mate-
rial — seem to be involved in the process of cytokine synthesis. In
these cases an additional IL-1ra and TNF-alpha peak was found
and these cytokines may be markers for cerebral injury.
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Introduction

Cytokines are a heterogeneous group of biological-
ly highly effective polypeptides released by different
cells in response to endogenous and exogenous stim-

uli. These mediators have autocrine, paracrine and
endocrine capacities and pleiotropic regulatory
effects on haecmatopoietic and many other cell types
which participate in host defence and repair processes.
The biological activities of cytokines are not devel-
oped by the release of a single cytokine but by the
occurrence of a complex cytokine network.

Several studies have been performed to determine
the importance of cytokines in various cerebral pro-
cesses. Cytokines with a regulatory role in immune
function may also mediate inflammation associated
with brain injury and induce brain oedema as well as
repair processes [11, 22, 23, 35]. The cytokines pre-
dominantly may derive from immune cells and micro-
ghia [12, 19, 21, 37]. However, astrocytes and endo-
thelial cells are also capable of producing pro-inflam-
matory cytokines such as IL.-1beta, IL-6, IL-8, and
TNF-alpha [1, 8, 20, 22, 23, 36, 40]. Moreover, a
number of studies showed that primary brain tumours
can release pro- and anti-inflammatory cytokines in
vivo and in vitro, especially [L-1beta, IL-6, TNF-
alpha, TGF-beta, IL-10, and IL-1ra with various local
and systemic effects (see reference [40] for review)
[10, 15, 25, 26, 36, 37, 40]. In order to achieve a bet-
ter understanding of actions of cytokines under natu-
ral conditions in response to brain injury, it is neces-
sary to analyse not only one cytokine but the cytokine
network.

We have recently demonstrated that neurosurgery
can induce signs of local inflammation with a system-
ic immunosuppression and an increased risk of infec-
tion [2, 3, 42]. The aim of the present study was to
determine the cytokine pattern in the CSF following
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different neurosurgical procedures, in order to further
complete the knowledge about inflammatory re-
sponse to distinct CNS trauma. In order to character-
ise the cytokine network, pro-inflammatory cytokines
like IL-1beta, IL-6, IL-8, and TNF-alpha as well as
anti-inflammatory cytokines like IL-10 and IL-Ira
have been selected for detection. The measurement of
the cytokines was started during surgery to discover
also early and temporary post-traumatic peaks,
impossible to determine in accidental head injury or
chronic neurological patients. Moreover, the kinetics
of cytokines in the CSF after surgery for extra- and
intra-axial tumours were compared, because cytokine
release in different anatomical compartments after
different kinds of surgical trauma should reflect
involvement of different cell populations with distinct
cytokine patterns. Only surgery for intra-axial
tumours is associated with a significant brain lesion
resulting in a more pronounced activation of neural as
well as immune cells by necrotic cell components and
hypoxia. This may be considered as a model for brain
injury and help to detect cytokines suggested to be
parameters for brain tissue damage. Moreover, it was
interesting to study how immune and neural cells act
together in the cytokine response to brain injury, com-
pared with the process of local cytokine release after
surgery for extra-axial tumours.

Patients and Methods

The group studied consisted of 8 patients undergoing surgery
for intra-axial tumours adjacent to the ventricular system (2 neuro-
cytomas, 3 glioblastomas, 2 oligodendrogliomas, and 1 astrocyto-
ma) and 8 patients with extra-axial tumours (4 meningiomas and 4
neurinomas) at the Charité University Medical School. All tumours
were macroscopically totally removed and the postoperative en-
hanced CT scans showed no residual tumour. All patients received
the identical peri-operative antibiotic prophylaxis (teicoplanin
6 mg/kg) and dexamethasone (4 mg 4 times daily initially, fol-
lowed by a reduced dose over the next few days). Anti-epileptics
(phenytoin) were only given when there was a history of seizures.
There were no relevant differences in the age, sex ratio, duration of
surgery, use of anaesthetic agents and blood transfusion between
the patient groups.

For the study CSF samples were collected from the patients at
the beginning of surgery, 2 to 4 hours after surgery, and 1, 2, and 4
days postoperatively. The samples were obtained from a ventricu-
lar drain which had been placed during surgery either because the
ventricular system was opened or because there were pre-operative
symptoms of increased intracranial pressure. The samples were
immediately centrifuged and supernatants were stored at —80 °C.
The cytokine levels were analysed using the following commercial
enzyme-linked-immuno-assay (ELISA) kits: human IL-1beta, IL76,
IL-8, IL-1ra (Quantikine®, DPC, Bad Nauheim, Germany), IL-10
(Cytoscreen®, Laboserv, Giessen, Germany), and TNF-alpha
(Medgenix Diagnostics, Ratingen, Germany). All CSF samples
were subjected to cell counts.
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Results

There were dramatically elevated levels of IL-6
and IL-8 in the CSF in all patients two to four hours
after surgery compared with the value at the begin-
ning of surgery (Figs. 1 and 2) with no significant dif-
ferences between both patient groups. In contrast, IL-
lbeta was only present in low amounts, with a maxi-
mum two to four hours after surgery, without signifi-
cant difference compared with the value at the begin-
ning of surgery and without differences between both
patient groups. The mean * standard error of the mean
(SEM) of IL-1beta in the CSF was two to four hours
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Fig. 1. Concentrations of 1L~6 in the CSF before and after surgery
for intra- and extra-axial tumours. Results are shown as mean *
SEM. *p < 0.05, compared with the value at the beginning of sur-
gery, Wilcoxon Signed Rank Test
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Fig. 2. Concentrations of IL-8 in the CSF after surgery for intra-
and extra-axial tumours. Results are shown as mean + SEM.
*p < 0.05, compared with the value at the beginning of surgery,
Wilcoxon Signed Rank Test
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Fig. 3. Concentrations of IL-1ra in the CSF after surgery for intra-
and extra-axial tumours. Results are shown as mean + SEM.
*¥p < 0.01, *p < 0.05 compared with the value at the beginning of
surgery, Wilcoxon Signed Rank Test. **p < 0.01 compared with the

value of patients with extra-axial tumours at the same time point,
Mann-Whitney Rank Sum Test
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Fig. 4. Concentrations of TNF-alpha in the CSF before and after
surgery for intra-axial tumours. Results are shown as mean + SEM.
*p < 0.05, compared with the value at the beginning of surgery,
Wilcoxon Signed Rank Test

after surgery in patients with intra-axial tumours
6.2 £ 1.8 pg/ml and 7.9 + 2.4 pg/ml in patients with
extra-axial tumours, respectively.

Other cytokines demonstrated different levels at
the selected times of sampling in the two patient
groups. In patients with intra-axial tumours there
were significantly elevated IL-1ra levels in the CSF
two to four hours after surgery (p <0.01), and 1, 2,
and 4 days after surgery (p < 0.05, Wilcoxon Signed
Rank Test) compared with the value at the beginning
of surgery (Fig.3). After surgery for extra-axial
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Fig. 5. Concentrations of IL-10 in the CSF after surgery for intra-
and exira-axial tumours. Results are shown as mean + SEM.
*p < 0.05, compared with the value at the beginning of surgery,
Wilcoxon Signed Rank Test. *p < 0.01 compared with the value of
patients with extra-axial tumours at the same time point, Mann-
Whitney Rank Sum Test

tumours there was a continuous low IL-1ra release
into the CSF without a peak (Fig. 3). The differences
were statistically significant in the two patient groups
two to four hours after surgery (p < 0.01, Mann-Whit-
ney Rank Sum Test). TNF-alpha was not found in the
CSF after surgery for extra-axial tumours, but there
was a significant increase (p < 0.05, Wilcoxon Signed
Rank Test) two to four hours after surgery for intra-
axial tumours compared with the value at the begin-
ning of surgery (Fig. 4). IL-10 was found in CSF after
surgery of both patient groups. However, there was a
significantly (p < 0.05, Mann-Whitney Rank Sum
Test) higher release two to four hours after surgery for
extra-axial tumours compared with the value of
patients with intra-axial tumours (Fig. 5).

The mean £ SEM of CSF cells two to four hours
after surgery was 50.2 £ 15.6 Mpt/l in extra-axial
tumours and 55.4 = 11.9 Mpt/l in intra-axial tumours,
respectively. There were no statistically significant
differences between the groups.

Discussion

Cytokines are produced in the CSF in different situ-
ations and different cells may be involved in this pro-
cess. Immune cells are the main source of cytokines,
but in several conditions other cells may also release
cytokines [2, 11, 12, 16, 19, 22, 23, 30, 33, 36, 40].
Astrocytes can produce IL-1beta, IL-6, IL-8, and
TNF-alpha and these cytokines are considered to
stimulate brain repair processes and astroglial scar-
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ring [1, 11, 22, 23, 33]. Additionally, primary brain
tumours are also able to produce cytokines which
may in turn lead to local and systemic immunological
effects [6, 9, 10, 15, 20, 25, 26, 34, 37, 40]. Therefore,
the complex pattern of cytokines measured in the CSF
after different surgical procedures demonstrates the
response of different cells to an exogenous/endoge-
nous stimulus.

In the present study we found a cytokine pattern
indicating a local pro- and anti-inflammatory re-
sponse early after neurosurgery in both patient
groups. Interestingly, neurosurgical procedures with
only minor injury to the brain tissue led to a high
release of IL-6, IL-8, IL-10 into the CSF, but low IL-
Ibeta and IL-1ra and no detectable TNF-alpha syn-
thesis at all. In contrast, after surgery for intra-axial
tumours associated with a significant brain tissue
injury, high levels of IL-1ra and TNF-alpha were
found in addition to the elevation of I1L-6, IL-8, and
IL-10. The different cytokine elaboration pattern in
the two patient groups suggests the activation of dis-
tinct cell populations and/or different mechanisms of
cell stimulation.

How can the demonstrated phenomena be
explained? In several studies it has been shown that
bacterial endotoxin induces an initial burst of pro-
inflammatory cytokine synthesis in peripheral blood
monocytes via CD 14 pathway with a release of TNF-
alpha and IL-1beta, followed by IL-6 and IL-8. Sub-
sequently, significant amounts of IL-10 and IL-1ra
occur, limiting the expression and action of the pro-
inflammatory cytokines [5, 7, 24, 41]. Blocking of
TNF-alpha abolishes IL-6 and IL-8 release, and
decreases IL-10 and IL-1ra production suggesting the
important role of this pro-inflammatory key cytokine.
Moreover, TNF-alpha is able to upregulate IL-6 and
IL-8 secretion in non-immune cells such as endothe-
lial cells, fibroblasts and astrocytes [1, 8, 16, 20, 39].
TNF-alpha and IL-1beta release is down-regulated
within few hours following stimulation, whereas
IL-10 secretion persists for 2448 hours and IL-6 and
IL-8 even for days [31].

Other stimuli like bacterial superantigen (SEB),
complete bacteria, living or dying cells and 4-phor-
bol-12-myristate-13-acetate (PMA) induce a similar
pattern of cytokine release. In contrast, phagocytosis
of necrotic particles, adherence to surfaces as well as
mild hypoxia result in a quite different cytokine pat-
tern with a relative low level of TNF-alpha and IL-
Ibeta, but high levels of IL-6 and IL-8. Moreover,
hypoxia and bacterial endotoxin activate non-immune
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cells to release cytokines, particularly IL-6 and ILS,
whereas TNF-alpha and IL-1beta are hardly detect-
able [14, 18, 43]. Monocytic IL-10 is upregulated in
response to bacterial endotoxin and TNF-alpha [7,
24]. However, increase of intracellular cAMP result-
ing from action of prostaglandins or stress mediators
also up-regulates IL-10 expression [24, 29]. These
experimental data can be transposed to the in vivo sit-
uation. In fact, early gram negative sepsis is associat-
ed with elevated plasma levels of TNF-alpha, IL-
1beta, IL-6, IL-8 as well as IL-10 and IL-1ra resulting
from direct stimulation of monocytes/macrophages
by endotoxin [31]. Late sepsis and sterile trauma (poly-
trauma, major abdominal and chest surgery) are asso-
ciated with high circulating concentrations of IL-6,
IL-8, and IL-10, but mainly undetectable concentra-
tions of TNF-alpha and IL-1beta [13]. The cellular
source of IL-6 and IL-8 in traumatic patients are prob-
ably non-immune cells (ischaemic endothelial cells,
fibroblasts). IL-10 in these patients is presumably
released by stress mediator-activated monocytes/mac-
rophages [24, 29]. Furthermore, elevated IL-1ra lev-
els were seen in plasma after major surgical interven-
tions and may be a sensitive marker for tissue dam-
age. It was supposed that IL-1ra released following
surgery is produced by tissue macrophages in the
operative field in response to necrotic cell compo-
nents and subsequently enters the peripheral circula-
tion [27, 28].

On the basis of these in vitro and in vivo observa-
tions we may speculate about the distinct cytokine
pattern in our neurosurgical patients. High levels of
IL-6, IL-8, and IL-10 but low concentrations of TNF-
alpha, IL-1beta and IL-1ra in the CSF of patients after
surgery for extra-axial tumours suggest the activation
of non-immune cells. We suppose that the cellular
source of IL-6 and IL-8 may be astrocytes and endo-
thelial cells. Stimulation of these cells may result
from local hypoxia and mechanical irritation of the
brain tissue surrounding the operative field with only
low occurrence of necrotic cells. However, immune
cells — not stimulated via CD 14 pathway — can also
contribute to the release of 1L-6 and IL-8. The
increased levels of IL-10 may arise from a TNF-alpha
independent induction resulting from local rise of
stress mediators and subsequently increase of intra-
cellular cAMP, because there was a significantly
higher IL-10 peak in the CSF after surgery for extra-
axial tumours, where TNF-alpha could not be de-
tected. Alternatively, more severe hypoxia and/or
phagocytosis of a significant amount of necrotic cells
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(astrocytes, neural cells, tumour cells) at the site of
brain damage after surgery for intra-axial tumours
may active immune cells infiltrating the brain tissue
(microglia, blood-derived macrophages). This could
explain the additional release to TNF-alpha and IL-
Ira into the CSF in this patient group, although there
were no statistically significant differences in the cell
numbers between the groups. The IL.-10 induction
may be responsible for the subsequent decrease of the
pro-inflammatory cytokines in both patient groups.

However, it cannot be fully excluded that after sur-
gery for intra-axial tumours, residual tumour cells
may be producing cytokines although postoperative
enhanced CT scans did not show any residual tumour.
Nevertheless, decreasing cytokine levels in the later
postoperative period argued against this hypothesis.
Furthermore, we do not think that peri-operative dexa-
methasone supresses the early cytokine release into
CSF, whereas the decrease of cytokine synthesis in
the later postoperative period may be influenced by
dexamethasone.

The activities of the measured cytokines in the
brain are very wide. 1L-1 and IL-6 may initiate astro-
glial scarring and brain repair processes [11, 23],
whereas TNF-alpha and IL-8 may contribute to brain
oedema [17, 30]. Furthermore it could be shown that
IL-10 attenuates the astroglial reactivity and IL-1ra
inhibits neurodegeneration induced by focal ischae-
mia or traumatic brain injury [4, 32].

Conclusions

We demonstrated that neurosurgical procedures
lead to a considerable release of various cytokines
into the CSF just hours after surgery. Differences in
the cytokine release after surgery for intra- and extra-
axial tumours seem to be the result of different stimu-
lating conditions and different cell populations
involved in cytokine synthesis. The recruitment of
immune cells activated by necrotic cell components
or hypoxia may lead to the release of IL-1ra and TNF-
alpha. Consequently, we suppose that these cytokines
may be markers for brain tissue injury. Other cyto-
kines like IL.-8 may contribute to the development of
brain oedema, whereas macrophage-derived IL-10
may decrease the synthesis of pro-inflammatory cyto-
kines after neurosurgery.

Further prospective studies in patients with trau-
matic brain injury might give us more detailed infor-
mation about the role of immune cells and immune
cell derived cytokines like TNF-alpha, IL-1ra, and
JL-10 in brain destruction and repair processes.
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Moreover, the importance of cytokines like IL-8 for
acute and delayed brain oedema after severe brain
injury has to be evaluated.
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Comment

This paper measures the levels of several inflammatory cyto-

kines before, during and after operation for intracranial and intra-
cerebral tumours. It is descriptive and it is hard to assess the signif-
icance of the data. However, it seems novel and potentially interest-
ing; the data could be compared to those seen after severe brain
injury, explaining the role of cytokines in the mechanism of secon-
dary brain damage.
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