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The production of IL-8 in cerebrospinal fluid in aseptic meningitis of children
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SUMMARY

Neutrophils accumulate initially in the cerebrospinal fluid (CSF) of aseptic meningitis, perhaps because
of increased levels of granulocyte colony-stimulating factor (G-CSF), macrophage inflammatory
protein-x (MIP-1«), and IL-8 in the subarachnoid space. We studied levels of these cytokines in
children with aseptic meningitis using ELISA. When meningeal symptoms existed, IL-8 levels
(1399= 1600 ngl, n = 32) in the CSF were significantly higher than those either after meningeal
symptoms disappeared (6156 ngl, n = 18) or in controls (44- 63 ngl, n = 27) (P<0-0001). High

levels of IL-8 on admission dropped sequentially. Significant correlations were found between IL-8
levels and either neutrophil counts=£ 0-612), G-CSF levelsr(= 0-873) or MIP-1x levels { = 0-623)

in the CSF of the affected patient® « 0-0001). IL-8 values in serum were lower than in the
corresponding CSF samples from all individuals with meningeal symptoms. The IL-8 mRNA was
detectable by reverse-transcribed polymerase chain reaction (PCR)-assisted amplification in fresh
leucocytes from the CSF, but not from the peripheral blood of a healthy volunteer. The culture of CSF
mononuclear cells produced high levels of IL-8 2750 ngl). These data indicate that IL-8 levels rise
transiently at the initial stage of aseptic meningitis, and that mononuclear cells that migrate into the CSF
are a cellular source of this chemokine. We suppose that IL-8, in addition to G-CSF andoMIP-1
contribute to the localized neutrophil accumulation during the disease.

Keywords IL-8 meningitis neutrophils cerebrospinal fluid children

INTRODUCTION meningitis: IL-1, IL-6, IL-10, interferon-gamma (IFN}, macro-
phage inflammatory proteinel(MIP-1a) and colony-stimulating

IL-8 is a C-X-C chemokine that specifically activates human]c ¢ but not TNF. Asenti inaitis is ch terized b
neutrophils and attracts them to acute inflammatory sites [1,2]. ipaciors, but no - ASEPTIC MENINGILS 1S characterized by an

a C-X-C motif, any amino acid exists between two cysteines. MosfMitial accumulation in the CSF of neutrophils followed by an
types of cells produce little, if any, IL-8 constitutively. When elevation of mononuclear cells [8,9]. It has been suggested that

stimulated with either IL-1, tumour necrosis factor-alpha (T&JF- granulocyte colony-stimulating factor (G-CSF) and MiR¢a C-C
or lipopolysaccharide (LPS), IL-8 is produced predominantly bychemokme) function to recruit neutrophils to the subarachnoid

monocytes, but also by fibroblasts and endothelial cells. Thi space [8,9,11,12]. Previous studies have shown elevated IL-8

chemokine mayplay ol nvaraus ammator and nfecious 5 1 U CSF I TR Wi e slviien bnd e
diseases, e.g. psoriasis, rheumatoid arthritis (RA) and adult respira- tic meninaiti % ve been v F;i bl 'IL8gI Vel i_nth- CS:W ;
tory distress syndrome. aseptic meningitis have been variable; IL-8 levels e ere

A variety of cytokines play critical roles in local inflammatory higher than [13,14] or similar to [15,16] those in subjects without

responses in bacterial and aseptic meningitis [3—6]. We [7—10] an%er;"nn%::'s' Tlhllrle Ir;r: Itn radrdltlonr:o G'i(r:]SF ant? Mn:a;ljlr:a% aclt_| W
other investigators [3—6,11] showed that levels of the following eningeal Inflammatory responses in aseptic meningiis. How-

. . - . . - ever, in the CSF during the disease, little is known about IL-8
cytokines increase in the cerebrospinal fluid (CSF) of asept'ﬁ(inetics and the cellular origin of this chemokine has not yet been

identified. In this study on childhood aseptic meningitis, we show

Correspondence: Akira Ishiguro MD, Department of Pediatrics, Mizo- that intrathecal IL-8 levels are transiently increased at the initial
nokuchi Hospital, Teikyo University School of Medicine, 74 Mizonokuchi, Stage, and mononuclear cells in the CSF are a cellular source of this

Takatsu-ku, Kawasaki, 213, Japan. chemokine.
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SUBJECTS AND METHODS was synthesized from total RNA collected from fresh leucocytes in
the CSF or peripheral blood and amplified by PCR. Human IL-8
We studied 27 patients with aseptic meningitis and 27 controld"Mers were designed aé-EACATGACTTCCAAGCTGGC-I_:‘
without meningitis (Table 1). They ranged in age from 1 month to (sense, nt 99-118) and-STGGCATC_T TCACTQATFC-3 (anti-
sense, nt 428-446) [22]. An IL-8 oligonucleotide probe was 5

15 years and were admitted to our hospital from June 1991 tol_
. : . . . - TTGAGAGTGGACCACACTGCGCCAACACAG-3(nt 265—294)
March 1994. The patients with the disease fit the following crlterla.[zz]. The primers and the cDNA probe f@ractin were made as

i) fever, headache, vomiting and stiff neck; (ii) cell court35/ul . . .
|(n) the CSF; (iii) sterile CSF found in bacte(rizalogic studies, The Previously shown [21]. The reaction consisted of 29 cycles (IL-8) or
' ; . g_l cycles g-actin) in a thermal cycler. The PCR products were

virus 30 in six patients, mumps virus in six, echovirus 9 in two andaﬁﬁt:ﬁgl?;ifsd and ransferred onto nylon filters and then hybridized

uncertain causes in 13 individuals. The symptomatic stage was
designated as the period when any of the meningeal symptoms tatistical analvsis
signs existed, and the recovery stage as the period after all of t% Y

symptoms and signs cisappeared. The fist day of the finess w2 B 51% PIRECECE B2 MOl (s BBt S B
determined as the day when all of the meningitis symptoms ha? 9

first occurred. The controls fit the following criteria: (i) cell counts |c_al :nalysest.hPr?\)Abablllt)\/Nch]f_ta S|_gtn|f|tca|rq1t ldltffererr]l_c € vt\)/ats deter-
<5/ul in the CSF; (ii) CSF negative for bacteriologic and viral mined using the Mann—-Whitney-test. Relationships between

studies. They consisted of two with epilepsy, four with febrile IL-8 Ie\{els and_c_)ther |n<_j|ces were assesseq using _Peg_rsons
convulsions, three with relapse-free acute lymphoblastic leukaecorrelation coefficients. Differences were considered significant
mia, two with Guillain—Barfesyndrome, three with tension head- when the two-tailedP value was<0-05.

ache and 12 individuals with fever, vomiting and headache.

Study subjects

. RESULTS
Sample collection

We obtained institutional approval from the responsible committeeStudy subjects

and a fully informed consent from the patients’ parents. To reducé>ender and age were not significantly different in the three groups
the patients’ risk throughout this study, we did lumbar punctureg(Table 1). Counts for total leucocytes, neutrophils and mono-
only when clinically indicated as previously shown [10]. When nuclear cells in CSF samples from meningitis were significantly
neutrophils in the CSF were dominant on admission, discontinuahigher than those from controls. Levels of glucose and protein in
tion of antibiotic therapy was decided by an additional puncture athe CSF during the symptomatic stage were not significantly
the symptomatic stage. During the recovery stage, three individifferent from those in controls.

duals received an additional evaluation of the CSF, since the

leucocyte counts in the prior CSF analysis were higher than idL-8 levels in the CSF

the previous tap. The CSF samples were spun down and th&-8 was detected in all CSF samples from patients with aseptic
supernatant was stored at30°C [10]. Serum specimens were meningitis and in 25 of 27 samples from controls (Table 2). When

collected simultaneously [19]. meningeal symptoms existed, IL-8 levels in the CSF were high
(1399+ 1600 ngl). These values were significantly higher than
Cell culture those either during the recovery stage or in contrBlg ¢-0001).

Mononuclear cells were separated by Ficoll-Hypaque gradienjgier meningeal symptoms disappeared, IL-8 levels in 16 of 18
centrifugation from the CSF or peripheral blood. The mononuclearsammes were low<(170 ngl, the mean (44} 2 s.d. (2x 63) of
cells (1x 10°ml) were incubated in RPMI 1640 supplemented controls). Figure 1 illustrates the kinetics of IL-8 levels in the CSF

with 10% fetal calf serum (FCS) for 24 h [10]. The culture super- i, gaseptic meningitis. Elevated levels of IL-8 were found in 25 of
natant was obtained by centrifugation and stored.

ELISAs for measuring cytokines Table 1. Clinical characteristics of study subjects
Duplicate samples were measured for IL-8 by ELISA (Toray-Fuji
Bionics, Tokyo, Japan) as previously reported [20]. Briefly ub0

of CSF, serum, culture supernatant or standard IL-8 were dis-
pensed into the plate precoated with a polyclonal antibody against

Aseptic meningitis

! . . Symptomatic Recovery Non-meningitis
human IL-8. The IL-8 was then sandwiched with an EL139 anti- stage stage (controls)
IL-8 MoAb conjugated with horseradish peroxidase. This ELISA
system specifically recognized human IL-8 of both the longer formpatient no. (M/F) 27 (19/8) 27 (17/10)
(77 amino acids) and shorter form (72 amino acids), and itsAge (years) @8=+39 66+ 51
measuring range was 12-300IhgConcentrations of G-CSF CSF samplesn) 32 18 27
were assessed by a chemiluminescent enzyme immunoassay akticocytes (101) 154+ 2401+ 68+ 85% 2+ 2
the minimal detectable concentration of this cytokine was IL ng/ Neutrophils (161 66+152*F  16x47% 1+1
(Chugai Pharmaceutical Co., Ltd., Tokyo, Japan) [19]. MdP-1 gmgo(sleoiﬂ])mov) 38 ;iiozl‘ri 352Zf gii 3: i(2)8
values were quantlfled b)_/ ELISA (Amersham, Aylesbury, UK) and Protein (gf) 020+ 011 017+ 010 018+ 020
the lower limits of detection were 6 rid@].

Reverse-transcribed polymerase chain reaction Data are expressed as the mearsd. MNC, Mononuclear cells.

Reverse-transcribed polymerase chain reaction (RT-PCR) was *P<0001; #P<0-05 (symptomatic stageersusrecovery stage);
done as previously described [10,21]. Briefly, first-strand cDNA 1P <0001 (meningitisversusnon-meningitis).
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Table 2.1L-8 levels in the cerebrospinal fluid (CSF) and serum

A. Ishiguroet al

MO .
Aseptic meningitis B
Symptomatic Recovery Non-meningitis 2 31
stage stage (controls) 2
CSF (ngf) 1399+ 1600 (32) 61+ 56 (18)* 47+ 64 (25) o i
t >
<12 (2) o
Serum (ng/) 32+ 14 (19)* 33+ 25 (6) 17+ 10 (5) o 2
<12 (5) = 5 r=0612
Culture medium 2315 715 (7) ND ND o o © O P <0-0001
)
e} @)
Data are expressed as the mearsd. ). Culture medium was 1 ‘ ‘ ‘ ‘ ‘
produced from CSF mononuclear cells in aseptic meningitis. ND, not done. 5 6 7 8 9
*P <0-0001 versusCSF at symptomatic stage of aseptic meningitis; Neutrophil counts (log/l)
TP = 0-0269versusCSF at recovery stage of aseptic meningitis.
27 samples before day 4 of the illness, but they decreased thereafter
in 20 of 23 samples. The mean IL-8 level on the first day of the 4 ()
°

disease (2864 2118 ngf) was the highest. In all of 17 correspond-
ing individuals examined longitudinally, IL-8 levels were the
highest on admission and then fell sequentially.

Relationships between IL-8 levels and clinical indices

Figure 2 shows a significant correlation between IL-8 levels and
neutrophil countsr(= 0-612) in the CSF of aseptic meningitis
(P <0-0001); but the correlations were not significant between IL-8

IL-8 levels (log ng/l)

w

r=0-873
P <0-0001

! ! !
0 1 2 3

G-CSF levels (log/l)

Fig. 2. Relationships between IL-8 levels and both neutrophil counts (a)
and granulocyte colony-stimulating factor (G-CSF) levels (b) in the

IL-8 levels (log ng/l)

N

Days from onset

Fig. 1. Kinetics of IL-8 levels in the cerebrospinal fluid (CSF) of indivi-

cerebrospinal fluid (CSF) of patients with aseptic mening@isSympto-
matic stage;O, stage without meningeal symptoms; solid line, linear
regression line.

levels and counts of total leucocytes or mononuclear cells (
0-248,r = 0:152). Significant relationships were found between
IL-8 levels and levels of both G-CSK & 0873, Fig. 2) and
MIP-1o (r = 0623, n=34) in the CSF P < 0-0001). IL-8
values in the CSF were not significantly correlated with clinical
features such as either the grade or duration of fever, headache
or vomiting, or the concentrations of glucose or protein in the
CSF. Only the correlation between IL-8 levels and body tem-
perature was significant (= 0691, P < 0-0001).

Serum IL-8 levels

While IL-8 was detected in all serum samples in aseptic meningi-
tis, mean levels were similar during the symptomatic and the
recovery stage (Table 2). They were much lower than in the CSF

duals with aseptic meningitis. Values of the same individuals are confrom all individuals with meningeal symptomB & 0-0001).
nected. Filled symbols, symptomatic stage; open symbols, period without

meningeal symptoms; circles, values in patients who received sequenti

Hroduction of IL-8 by CSF cells

lumbar punctures; triangles, values in patients who received a single IumbéFhe expression of IL-8 mR_NA in leucocytes .fr.om. the CSF or
puncture; hatched area, IL-8 values from the lower limit of detection to theperipheral blood was examined by PCR amplification. The CSF

meary- 2 s.d. in the CSF of controls.

leucocytes were collected on admission, and total RNA was
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Aseptic meningitis il
o

bp

IL-8 348

Fig. 3.Expression of IL-8 mRNA by cerebrospinal fluid (CSF) leucocytes without culture in individuals with aseptic meningitis. Signals for human IL-8 and
B-actin mMRNA were shown by reverse-transcribed polymerase chain reaction (PCR) amplification and hybridization. Lane 8, control sample obtained from
peripheral blood leucocytes (PBL) of a healthy volunteer.

directly isolated from them. Figure 3 demonstrates the human ILof Lépez-Coris et al. included individuals with AIDS-related
8-specific hybridization signals: prominent bands were observed icomplex and ischaemic stroke, having high levels of intrathecal
six of seven patients with aseptic meningitis (lanes 1-7). InIL-8 [15]. In any case, we suggest that IL-8 levels in the CSF
contrast, IL-8 mMRNA was not detected in blood leucocytes fromtransiently increase in most patients with aseptic meningitis.
a healthy volunteer (lane 8). Studies of IL-8 productiowitro by We showed a significant correlation between IL-8 levels in the
CSF mononuclear cells revealed high levels of IL-8 protein (738—CSF and body temperature. Intraventricular infusions of IL-8 at
2750ngl) in the culture supernatant from all of seven affected concentrations seen in meningitis in rats suppress food intake and
children (Table 2). However, IL-8 was not detectedl.2 ngl) in induce mild hyperthermia [24]. Fever can be caused by hypotha-
the supernatant from blood mononuclear cells of two healthylamic stimulation with IL-1 or IL-6; these cytokines are produced
volunteers. locally during meningitis [3—5]. Astrocytes in the central nervous
system can secrete IL-8 and IL-6 following IL-1 stimulation [25].
DISCUSSION Thus, IL-8, in coordination with IL-1 and IL-6, might induce fever
Our study revealed that IL-8 levels were high in 25 of 27 CSFin patients with aseptic meningitis.
samples (93%) at the initial stage (before day 4 from onset) of aseptic The new information that has emerged from our study is that
meningitis. IL-8 values were the highest on admission and thenL-8 levels were high in the CSF but low in sera during the
dropped sequentially with the improvement of meningeal signs osymptomatic stage of aseptic meningitis. These data are consistent
symptoms. This pattern of IL-8 kinetics is similar to recent observa-with a previous observation in meningococcal meningitis [18].
tions in bacterial meningitis [13,18], suggesting that IL-8 concentra-Serum IL-8 levels did not fluctuate throughout the course of the
tions in the CSF in aseptic meningitis had peaked before or oillness. Thus, the intrathecal IL-8 is unlikely to be derived from the
admission, at the same time as the neutrophils accumulate in the CSblood, but may be produced locally. Macrophages, obtained from
The significant correlations between IL-8 levels and neutrophilthe inflammatory sites in pulmonary fibrosis and RA, express IL-8
counts in the CSF of the illness were shown by us angeze  mRNA and release this chemokine [1,2]. We found that IL-8
Cortes et al. [15]. We found significant relationships between IL-8 mRNA was expressed in freshly isolated CSF leucocytes, and
levels and levels of both G-CSF and MIR-ih the CSF. In previous  that mononuclear cells collected from the CSF produced large
studies, elevated levels of G-CSF, MIR-Bnd IL-1 have been amounts of this chemokini vitro. Because CSF samples from
detected in the CSF [5,8,9,11]. In addition, intracerebral injectiongecovering patients and controls had too few cells to analyse,
of either IL-1, MIP-1x or IL-8 cause neutrophil recruitment to the peripheral blood cells from healthy volunteers were used as
meninges and CSF [4,12,23]. The IL-8 can modulate adherence aontrols. We detected neither IL-8 mRNA in blood leucocytes
neutrophils to vascular endothelium via integrin expression [2]. Thushor IL-8 protein in the culture supernatant from blood
we conjecture that transiently increased IL-8, perhaps in concert witnononuclear cells. These results provide evidence that mono-
G-CSF, MIP-Lx and IL-1, leads to neutrophil accumulation in the nuclear cells that migrate into the CSF are a cellular source of
CSF during human aseptic meningitis. IL-8 found in the CSF, in addition to local astrocytes and
Prominent levels of intrathecal IL-8 have been shown inmicroglial cells [25].
bacterial meningitis [13-18], but results in aseptic meningitis Because LPS strongly stimulates IL-8 production by
have been variable [13—16]. Sekt al. did not detect IL-8 monocytes/macrophages and endothelial cells [1,2], it can act in
(30ngl) in CSF samples of aseptic meningitis [16]. However, bacterial meningitis. In the CSF of individuals with aseptic
we detected IL-8%79 ngl ) in all CSF samples at the symptomatic meningitis, elevated levels of proinflammatory cytokines have
stage of the disease, as reported by several other investigators [1®een detected, including IL-1, G-CSF and granulocyte-macro-
15]. Significant differences in intrathecal IL-8 levels between phage colony-stimulating factor (GM-CSF) [3-5,8]. These cyto-
affected patients and control subjects were shown by us andlines can stimulate monocytes/macrophages to release IL-8 [1,2].
others [13,14], but not by lmez-Coris et al. [15]. The controls  IL-1 can also induce IL-8 production by endothelial cells and

© 1997 Blackwell Science LtdClinical and Experimental Immunolog$09426—430



430 A. Ishiguroet al

fibroblasts. In addition, viruses can stimulate IL-8 production by 10 Ishiguro A, Suzuki Y, Inaba ‘¢t al. Production of interleukin-10 in the
many types of cells, such as macrophages [2], fibroblasts [1,2] and cerebrospinal fluid in aseptic meningitis of children. Pediatr Res 1996;
T lymphocytes [26]. These viruses include respiratory syncytial ~40:610-4. _ . _
virus [2], measles [1], rubella [2], hepatitis C [26], influenza A 11 Shimoda K, Okamura S, Omorigt al. Granulocyte colony-stimulating

[27], and rhinovirus [28]. Thus, IL-8 production may be induced f7a7(_:;ozr1|2_c$rebrosplnal fluid from patients with meningitis. Blood 1991,
directly by viruses or indirectly via the cytokine network during 12 Saukkonen K, Sande S, Cioffed al. The role of cytokines in the

aseptic meningitis. _ _ o generation of inflammation and tissue damage in experimental Gram-
Although accumulated neutrophils can provide the first line of  positive meningitis. J Exp Med 199071:439-48.
defence against bacterial infections, it is unclear whether the acute3z Mastroianni CM, Paoletti F, Rivosecchi Réd al. Cerebrospinal fluid
neutrophil response functions against viruses [3,5]. The fact that interleukin 8 in children with purulent bacterial and tuberculous
activated neutrophils can produce IL-8 suggests that neutrophils meningitis. Pediatr Infect Dis J 19943:1008-10.
may induce their further recruitment [1,2]. IL-8 can also attract 14 Van Meir E, Ceska M, Effenbergeret al Interleukin-8 is produced in
monocytes and lymphocytes to a lesser extent [1,2]. Neutrophils Nneoplastic and infectious diseases of the human central nervous system.
can, in addition, produce MIPel and -13, which are potent Cancer Res 199%24297-305. o
chemoattractants for monocytes, lymphocytes and neutrophild® -opez-Corte LF, Cruz-Ruiz M, Geez-Mateos &t al. Interleukin-8in
[29]. Our previous study showed a transient increase in intrathecal _cerebro_splnal fluid from patlents with menl_ngms of different ethlogles..
. ) N . its possible role as neutrophil chemotactic factor. J Infect Dis 1995;
MIP-1« levels in aseptic meningitis [9]. These chemokines thus 175581 _4
may promote the subsequent accumulation and activation ofg seki T, Joh K, Oh-Ishi T. Augmented production of interleukin-8 in
monocytes and lymphocytes. In addition, studiesvitro have cerebrospinal fluid in bacterial meningitis. Immunology 1983333-5.
shown that IL-8 can support the survival of neural cells, and17 van Deuren M, van der Ven-Jongekrijg J, Bartelink AKa al.
enhance the growth of astrocytes and microglia that are major Correlation between proinflammatory cytokines and antiinflammatory
immunocompetent cells in the central nervous system [30]. IL-8 mediators and the severity of disease in meningococcal infections. J
also induces the production of leukotrienes, arachidonate metabo- Infect Dis 1995;172433-9. o
lites and platelet-activating factor, which can function in inflam- 18 Halstensen A, Ceska M, Brandtzaegtfal. Interleukin-8 in serum and
matory responses [3,5]. Taking all data together, we speculate that cerebrospinal fluid from patients with meningococcal disease. J Infect
IL-8 plays an important role in the inflammatory responses in1

Dis 1993;167:471-5.
- ) o 9 Ishiguro A, Inoue K, Nakahata &t al. Reference intervals for serum
concert with neutrophil accumulation in the central nervous system
during aseptic meningitis.

granulocyte colony-stimulating factor levels in children. J Pediatr 1996;
128208-12.

Ida N, Sakurai S, Hosoi K, Kunitomo T. A highly sensitive enzyme-
linked immunosorbent assay for the measurement of interleukin-8 in
biological fluids. J Immunol Methods 199256.27-38.

Ishiguro A, Spirin K, Shiohara Mt al. [d2 expression increases with
differentiation of human myeloid cells. Blood 199%7:5225-31.
Matsushima K, Morishita K, Yoshimura Tet al Molecular
cloning of a human monocyte-derived neutrophil chemotactic factor
(MDNCF) and the induction of MDNCF mRNA by interleukin 1
and tumour necrosis factor. J Exp Med 19887:1883-93.

Andersson P-B, Perry VH, Gordon S. Intracerebral injection of proin-
flammatory cytokines or leukocyte chemotaxins induces minimal
myelomonocytic cell recruitment to the parenchyma of the central
nervous system. J Exp Med 19976:255-9.

Plata-Salafma CR, Borkoski JP. Interleukin-8 modulates feeding by
direct action in the central nervous system. Am J Physiol 1993;
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