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SUMMARY

IL-15, produced by monocytes and epithelial cells, is a novel cytokine with actions similar to IL-2. IL-
15 induces T cell proliferation, B cell maturation and natural killer (NK) cell cytotoxicity, and is a
chemoattractant for T cells. We investigated the expression of IL-15 mRNA in blood and cerebrospinal
fluid (CSF) mononuclear cells (MNC) in MS, an inflammatory disease of the central nervous system
where cytokines are involved. MS patients had higher numbers of IL-15 mRNA-expressing blood MNC
than patients with aseptic meningo-encephalitis (AM) and healthy controls. In CSF, MS patients had
even higher numbers of IL-15 mRNA-expressing cells than in blood. This discrepancy between IL-15
mRNA expression between blood and CSF MNC was not seen in AM patients. Patients examined during
the secondary chronic-progressive phase of MS had higher numbers of IL-15 mRNA-expressing blood
MNC compared with patients examined during the relapsing-remitting phase. Levels of IL-15 mRNA-
positive blood MNC were similar in patients with AM, myasthenia gravis, non-inflammatory
neurological diseases and healthy controls. Taken together these data indicate that IL-15 mRNA
expression is up-regulated in MS, further suggesting a role for proinflammatory cytokines in the
pathogenesis of MS.
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INTRODUCTION

Currently, MS is considered to be an inflammatory immune-
mediated disease of the central nervous system (CNS), the aetiol-
ogy of which remains enigmatic. Perivascular mononuclear cell
infiltration and activation of the immune system are considered to
lead ultimately to demyelination and astrogliosis. Cytokines pro-
duced by infiltrating inflammatory cells and resident cells in the
brain are proposed to play a major role in directing and regulating
the immune response as well as mediating tissue damage [1]. There
exists ample evidence showing dysregulation of proinflammatory
cytokines, with an up-regulation of both T cell and macrophage-
derived cytokines, not only systemically but also locally in the
cerebrospinal fluid (CSF) and in MS brain lesions [1–5].

IL-15 is a recently characterized cytokine with biological
functions resembling those of IL-2, of which induction of T cell
proliferation might be the most important [6]. Although IL-15
shares no significant homology with IL-2, the three-dimensional
structures of the two cytokines are similar. The effects of IL-15 are
mediated through theb- andg-chains of the IL-2 receptor and a

unique IL-15 receptora-chain [7]. IL-15 mRNA is expressed in a
wide range of human tissues, including placenta, skeletal muscle,
kidney and liver. Activated T cells express no detectable levels of
IL-15 mRNA, while peripheral blood monocytes and epithelial
cells express this cytokine at high levels [6]. Besides acting as a T
cell growth factor, IL-15 can promote the induction of cytolytic
effector cells, including natural killer (NK) cells and cytotoxic T
cells, up-regulate the production of proinflammatory cytokines by
NK cells and T cells, and induce B cell maturation and isotype
switching [6,8–10]. IL-15 is also a potent chemoattractant for T
cells, and may protect these cells from apoptosis [11,12].

To our knowledge, no information about the involvement of
IL-15 in MS is available. We adopted the highly sensitive method
of in situ hybridization with synthetic oligonucleotide probes to
measure IL-15 mRNA expression in mononuclear cells (MNC)
separated from paired samples of blood and CSF from patients with
MS and control subjects.

PATIENTS AND METHODS

Patients
Blood and, in suitable patients, CSF were collected from four
different patient categories and one group of healthy volunteers.
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Thirty-two patients, aged 25–71 years (mean 45 years) had clini-
cally definite or laboratory supported MS [13]. Ten patients were
examined during exacerbation, which was defined as a sudden
appearance of new, or the abrupt reappearance or worsening of
previously present symptoms and signs, lasting>24 h and occur-
ring within 1 month before examination. Eight patients were
examined during remission and 14 patients were examined
during the secondary chronic-progressive phase of MS. The dura-
tion of MS varied between 1 and 31 years (mean 9 years). Fifteen
patients had no or slight disability defined as< 3 on the expanded
disability status scale (EDSS) [14], while 17 patients had moderate
or severe disability defined as an EDSS$ 3. CSF was obtained
from 18 of the patients. None of the patients was treated with any
immunomodulatory drugs or interferon-beta (IFN-b) during the
last year previous to examination.

Twenty-two patients, aged 21–83 years (mean 47 years) had
acute aseptic meningo-encephalitis (AM). The cause of AM was
neuroborreliosis in six patients and unknown in the remaining
patients. The duration between onset of AM and examination
varied between 2 and 45 days (mean 12 days). CSF was obtained
from 16 of these patients.

Thirteen patients, aged 21–76 years (mean 45 years) had myas-
thenia gravis (MG) based on the presence of characteristic mus-
cular fatigue, the results from laboratory tests that included
determinations of serum acetylcholine receptor (AChR) antibody
concentrations and single fibre electromyography (EMG), and the
positive response to treatment with choline esterase inhibitors.
Seven patients received treatment with immunosuppressive drugs
(azathioprine or cyclosporin A). These patients were included as
controls with a well defined autoimmune disease.

Eighteen patients, aged 32–77 years (mean 57 years) had non-
inflammatory neurological diseases (OND). The diagnoses were
cerebrovascular disease (n¼ 7), polyneuropathy (n¼ 4), Bells
paresis (n¼ 2), migraine (n¼ 2), dementia (n¼ 1), epilepsy
(n¼ 1) and cervical disc herniation (n¼ 1).

Twenty-three healthy volunteers consisted of staff from the

Department, matched with the MS patients regarding sex, age and
ethnic background.

Preparation of blood and CSF MNC
MNC were separated from peripheral blood through density
gradient centrifugation on Lymphoprep (Nycomed, Oslo,
Norway). The cells from the interphase were collected, washed
twice with Dulbecco’s modified Eagles’ medium (GIBCO, Paisley,
UK), and finally washed once with PBS and counted. CSF was
centrifuged for 10 min at 175g. After discharging the supernatant,
cells were counted. Cell viability as measured by trypan blue
exclusion was always>95%. Aliquots containing 1×105 blood
MNC or at least 1×104 CSF MNC were dried onto electrically
charged microscope slides (SuperFrost/Plus; Menzel-Gla¨ser,
Braunschweig, Germany). Slides were kept at – 208C until hybrid-
ization.

In situ hybridization to detect IL-15 mRNA expression in MNC
In situ hybridization (ISH) was performed as previously described
[15]. A mixture of two different 48 base long synthetic oligonu-
cleotide probes was used in order to increase the sensitivity of the
method. The oligonucleotide sequences were obtained from Gen-
Bank using the Oligo 5.0 System Software (IBI, New Haven, CT).
The human IL-15 probes (GenBank accession no. U540098 [6])
were complementary to bases 158–205 and 221–268. A constant
guanine/cytosine ratio of< 60% was used. Following ISH, slides
were rinsed in SSC, dehydrated through gradient ethanol, dipped in
Kodak (Paris, France) NTB2 emulsion, and exposed at 48C for
14 days. The emulsion-coated slides were developed in D19
(Kodak) and fixed in Unifix (Kodak). As negative control probe,
the sense sequence identical to bases 400–447 was used, without
revealing any positive cells. Coded slides were examined by dark
field microscopy for positive cells containing>15 grains per cell in
a star-like distribution (Fig. 1). The intracellular distribution of the
grains was always checked by light microscopy. The number of
cells used for ISH was not equal to the number of cells ultimately
detected on the slides, and to compensate for cell losses the total
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Fig. 1.Cytokine mRNA-expressing cell seen at light field microscopy, mag.
×640. Positive cells contain more than 15 grains evenly distributed over the
cell.
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Fig. 2. Numbers of IL-15 mRNA-expressing cells per 105 blood mono-
nuclear cells (MNC) in patients with MS, aseptic meningo-encephalitis
(AM), myasthenia gravis (MG), non-inflammatory neurological diseases
(OND) and healthy controls (HC).X, Remission;W, exacerbation;P,
progressive.



number of cells on the slides was counted. Cell losses varied between
10% and 50% from cell application to cell counting. The preferential
loss of certain cell types is not ruled out. Labelled cells practically
always contained more than 15 (usually 50–100) grains, while
negative cells almost always contained no or few grains which
were then scattered randomly over the cell and not distributed in a
star-like fashion. Consequently, it was only rarely difficult to
differentiate between IL-15 mRNA-positive and negative cells.

Statistical analysis
Kruskal–Wallis non-parametricANOVA test was used for multiple
comparisons. The non-parametric Mann–Whitney test and Wil-
coxon signed rank test for pairs were used for two-group compar-
isons. ReportedP values are two-tailed, andP< 0·05 was
considered statistically significant.

RESULTS

IL-15 mRNA-expressing MNC were found in peripheral blood in
21 of 32 (65%) of the MS patients under study (Fig. 2). MS patients
had higher numbers of IL-15 mRNA-expressing cells compared
with patients with AM (P<0·02) and healthy controls (P<0·01)
(Table 1). In contrast, there were no differences in the numbers of
IL-15 mRNA-positive cells in patients with AM, MG or OND
compared with healthy controls. Adopting the mean valueþ 2 s.d.
of the healthy controls as an upper reference limit, 11 of the MS
patients (34%) had elevated numbers of IL-15 mRNA-expressing
cells in blood, compared with two of the AM patients (9%), one of
the MG patients (8%) and none of the OND patients.

Paired blood and CSF samples were available from 18 MS
patients. Eleven patients had clearly elevated numbers of IL-15
mRNA-expressing cells in CSF compared with blood, whereas
seven patients had similar, or slightly lower numbers in CSF
(Fig. 3). Numbers of IL-15 mRNA-expressing cells were higher
in CSF than blood in MS (P<0·02) (Table 1).

In AM patients, no augmentation of IL-15 mRNA-expressing
cells could be detected in CSF compared with blood. The numbers
of IL-15 mRNA-positive cells in CSF were lower in AM compared
with MS (P<0·05).

When subgrouping the MS patients regarding clinical vari-
ables, the 14 patients examined during the chronic-progressive

phase were found to have higher numbers of IL-15 mRNA-expres-
sing blood MNC compared with the 18 patients examined during the
relapsing-remitting phase (P<0·02). In CSF, there was no difference
between patients in the chronic-progressive phase compared with
the relapsing-remitting phase, even though the small number of
patients examined (fiveversus13 patients) preclude any meaningful
statistical calculations. No differences were found in numbers of IL-
15 mRNA-expressing blood MNC between patients in exacerbation
versusremission, slightversusmoderate to severe disability (EDSS
<3 versusEDSS$ 3) or duration of MS (< 2 years (n¼ 8) versus
>10 years (n¼ 11)) (Fig. 2).
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Table 1.Numbers of IL-15 mRNA-expressing cells per 105 blood and cerebrospinal fluid (CSF) mononuclear cells (MNC)
from patients with MS and controls

MS AM MG OND Healthy controls

Blood Range 0–45 0–10 0–4 0–4 0–7
Median 1·5 0 0 0·5 0
Mean (s.d.) 4·3 (8·4) 1·1 (2·6) 0·8 (1·2) 0·9 (1·3) 0·8 (1·6)
No. examined 32 22 13 18 23

CSF Range 0–1114 0–26 ND ND ND
Median 17·5 0
Mean (s.d.) 149 (342) 3·7 (7·5)
No. examined 18 16

AM, Acute aseptic meningo-encephalitis; MG, myasthenia gravis; OND, other non-inflammatory neurological diseases;
ND, not done.
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Fig. 3. Numbers of IL-15 mRNA-expressing cells per 105 blood or
cerebrospinal fluid (CSF) mononuclear cells (MNC) in paired samples
from patients with multiple sclerosis (MS) and aseptic meningo-encepha-
litis (AM). Due to few available CSF MNC, each sample contained 104 CSF
MNC.



DISCUSSION

In MS, abnormal immune responses against a number of CNS
myelin antigens have been reported, perpetuated by the production
of cytokines from activated T cells and macrophages [16]. Using
ISH with radiolabelled oligonucleotide probes, elevated numbers
of blood MNC expressing mRNA for the proinflammatory cyto-
kine IL-15 were detected in patients with MS compared with AM
patients. MS patients had even higher numbers of IL-15 mRNA-
expressing MNC in CSF, i.e. in the immediate vicinity of the
diseased organ, compared with blood. When subgrouping the MS
patients regarding clinical phase of the disease, patients examined
during the chronic progressive phase had higher numbers of IL-15
mRNA-expressing blood MNC compared with patients examined
during the relapsing-remitting phase.

Being a proinflammatory cytokine, IL-15 could mediate nega-
tive, disease-promoting effects in MS. In analogy with IL-2, IL-15
promotes proliferation of activated CD4þ and CD8þ T cells, as
well asgd T cells [6]. IL-15 stimulates proliferation of NK cells,
and induces production of IFN-g and tumour necrosis factor-alpha
(TNF-a) by these cells [8]. Cell-mediated immune responses are
further promoted by the induction of cytolytic effector cells such as
cytotoxic T cells and lymphokine-activated NK cells [6]. In
addition, IL-15 is a selective chemoattractant for T cells, with no
effect on monocytes or B cells [11].

In human diseases, a role for IL-15 in the local immune
response to infection has been proposed. Patients resistant to
Mycobacterium lepraeinfections, with the potential of self-healing
of the disease, had higher levels of IL-15 expression in skin lesions,
and rIL-15 augmented T cell responses to the pathogen [17].
Similarly, rIL-15 facilitated the expansion of HIV-specific cyto-
toxic T cells in HIV-1-infected patients [18,19]. Patients with
rheumatoid arthritis (RA), a destructive inflammatory polyarthritis,
had high concentrations of IL-15 in synovial fluid with the capacity
to both attract and activate T cellsin vitro, suggesting a biological
role for IL-15 in the pathogenesis of RA [20].

ISH with radiolabelled oligonucleotide probes is a specific,
highly sensitive method for detection of cytokine mRNA expres-
sion at the cellular level [15]. Data must, however, be interpreted
cautiously, since cytokine mRNA expression may not necessarily
equal protein secretion. Another dilemma with cytokine measure-
ments in body fluids, regardless of method used, is to what extent
the results reflect ongoing processes in the target organ. In this
study, numbers of IL-15 mRNA-expressing MNC were further
elevated in CSF compared with peripheral blood, suggesting
enhanced IL-15 production also intrathecally. IL-15 is preferen-
tially produced by macrophages, which is the most abundant cell
type in MS lesions [21]. Besides macrophages, astrocytes and
microglia might be involved in IL-15 production, since human
fetal astrocytes and microglia have been shown to express IL-15
mRNA in cell cultures both spontaneously and, to an even higher
degree, after stimulation with IFN-g [22].

Up-regulation of cytokines is clearly not a phenomenon
specific for MS, since elevated levels of MNC expressing or
secreting cytokines, including IFN-g, IL-4 and transforming
growth factor-beta (TGF-b), have been observed also in patients
with AM, HIV infection and stroke [23–25]. In patients with AM,
high levels of cells expressing mRNA for these cytokines were also
found in the CSF [25]. This might indicate that many of the
immune deviations found in MS may reflect an inflammation
that is secondary to non-specific tissue damage rather than an

inflammatory process specific for MS. Notably in the present
study, however, no elevation of IL-15 mRNA-expressing blood
MNC was found in patients with AM, MG or OND. Moreover, no
augmentation of numbers of IL-15 mRNA-positive MNC was
found in CSF from patients with AM, an inflammation of the
CNS which, in contrast to MS, is self-limiting. Patients examined
during the chronic progressive phase of MS, usually representing a
later stage of the disease, also had high numbers of IL-15 mRNA-
expressing cells. Taken together, these data suggest that IL-15
could be one factor involved in the perpetuation and progression of
the immune deviation in MS, even though this is highly spec-
ulative.

In conclusion, our data show elevated numbers of IL-15
mRNA-expressing blood MNC in MS compared with AM and
healthy controls. IL-15 mRNA expression was further up-regulated
in CSF MNC in MS, which was not seen in patients with AM.
These data indicate that IL-15 is up-regulated in MS, and could
further suggest a role for proinflammatory cytokines in the patho-
genesis of MS lesions.
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