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INTRODUCTION 

To initiate an immune response after recognition of antigen presented in 
the context of class II antigens of the major histocompatibility complex (MHC) 
on macrophages, dendritic cells or B cells, T helper cells become activated. This 
process involves direct ceil-cell contact mediated by adhesion reactions, eg, 
between the lymphocyte function-associated antigen-one (LFA-l) on T cells and 
its ligand, the intercellular adheSion molecule-l (ICAM-l) on antigen presenter 
cells. This allows the triggering of the T cells by binding of antigen to the T cell 
antigen receptor/CD3 complex which transduces antigen-specific extracellular 
stimuli across the plasma membrane, generating intracellular Signals. These 
events render T cells competent to receive progression signals to enter from G 1 
the S phase, a process mediated by interleukin-2 binding to its receptor. In 
addition to direct cell-cell contacts, soluble factors released by lymphocytes, 
monocytes-macrophages or by cells not belonging to the immune system (eg, 
keratinocytes or fibroblasts) are also involved in the maturation, growth and 
activation of the cellular elements of the immune system. PrOvided their synthe
sis by parenchymal cells of different organs, cytokines, polypeptide mediators 
that transmit signals from one cell to another, may propagate local expansion and 
activation of lymphocytes having infiltrated the tissue through the vessel wall. In 
the brain, T cell infiltrates can be observed mainly in viral diseases and multiple 
sclerosis. Besides T cells, there is evidence also that monocytes and B cells 
invade the brain parenchyma and/or the meninges. The hypothesis of intracere
bral immune regulatory signals acting on infiltrating T and B cells is substantiated 
by the finding of (1) inducible expression of MHC class I and II antigens on 
astrocytes and microglial cells (reviewed in reference I, (2) the demonstration of 
cytokines released by glial cells in vivo and (3) the detection of cytokines in the 
cerebrospinal .fl~id (CSF) of patients with immune mediated brain diseases or 
experimental animals with infectious diseases of the central nervous system 
(CNS). 

In this review, we describe the recent demonstration of tumor necrosis 
factor a (TNFal. interferon-y(IFNy), interleukin-6 (IL-6)/B cell stimulatory factor-
2 (BSF-2) and interleukin-l (IL-I) in the CSF in inflammatory diseases of the 
CNS. 
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INTERFERON Y IN VIRAL DISEASES OF TIlE BRAIN 

IFNy has many of the antiviral. antiproliferative and immunomodulatory 
functions of other types of interferon. However. IFNy is unique in its ability to 
induce class II MHC antigens on. for example. monocytes enabling these cells to 
function as antigen presenter cells. In the CNS. cells bearing MHC class II 
antigens (la/DR) are underrepresented compared to other organs. However. IFNy 
injected directly into the brain of mice or added to cultured murine brain cells in 
vitro triggers the expression of Ia antigens on astrocytes and microglial cells. In 
experimental allergic encephalitis. as well as in multiple sclerosis. microglial 
cells/brain macrophages in addition to infiltrating monocytes but also some 
astrocytes have been identified as being Ia positive. The expression of Ia 
antigens may be triggered by infiltrating preactivated T helper cells type one. or 
by cytotoxic T cells. which release IFNy in the tissue. However. as recently 
coronavirus was found to induce Ia antigens on astrocytes. IFNy independent 
mechanisms triggered by virus directly may also give rise to Ia positive cells (for 
review see reference 1). 

In recent experiments we have shown that IFNy is produced in the CNS in 
mice infected intra cerebrally with lymphocytic choriomeningitis virus (LCMV).2 
Whereas no IFNy (measured by radioimmunoassay) was detected in the CSF 
samples during the first 5 days after infection. a sharp increase of IFNy was noted 
on Days 6 and 7. In contrast. serum levels of IFNy gradually increased between 
Days 2 and 5. However. the levels of IFNy were up to WOO-fold lower (Day 7) in 
the serum compared to CSF. This speaks in favor of IFNy to be produced within 
the CNS. The sources of the IFNy detected are very likely LCMV -specific T cells 
which penetrate into the CNS in the course of LCMV disease (see below). This 
conclusion is supported by the absence of IFNy in CSF of LCMV infected athymic 
nu/nu mice which do not develop disease (see below). 

Recently. the intrathecal synthesis of IFNy in CSF of patients with herpes 
encephalitis has been reported. 3 The synthesis was concomitant with that of 
interferon (X and switched off when the specific antiviral antibodies in the CSF 
increased. Interestingly. both acute postinfectious measles and postinfectious 
rubella encephalitis. as well as subacute sclerosing panecephalitis. were not 
paralled by measurable IFNy production in the CNS. 

Low IFNy in CSF has also been reported in all the CSF samples of 30 multiple 
sclerosis patients tested. However. no CSF controls were included in the study 
and the amount of IFNy was very low (0.3-1.4 U/ml).4 In the investigation on 
IFNy by Lebon et al5 none of 27 cases of multiple sclerosis was detected to be 
positive for IFNy - levels of 0.3 U/ml were found not to be IFNy specific. Taken 
together. these data provide evidence for intrathecal synthesis of IFNy in immune 
mediated diseases. the IFNy being produced may not only tum on facultative 
antigen presenting cells to fulfill their function but may also regulate the 
intracerebral immune response (eg. to enhance production of antiviral antibodies 
by infIltrating B cells). 

INTRATIlECAL SYNTHESIS OF B CELLS STIMUlATORY 
FACTOR 2/INTERLEUKIN 6 

There is substantial evidence for B cell activation in the CNS in viral 
diseases. In acute or chroniC viral infections or in multiple sclerosis. B lympho
cytes and plasma cells can be detected in the brain tissue. 6 .7 Production of 
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Table 1. Cytokines in CSF 

Cytokine Disease 

IFNy 

IFNy 

IFNy 

IFNy 

BSF-2 

BSF-2 

BSF-2 

TNFa 

TNFa 

IL-1 

IL-1 

IL-1 

Herpes simplex 
Postlnfectious encephalitis 
- measles 
- rubella 
SSPE 

Multiple sclerosis 

Multiple sclerosis 

Mice with acute LCMW disease 

Viral meningitis 
Herpes simplex encephalitis 
Neurolues 
SSPE 
Multiple sclerosis 
Lyme disease 
OND 

Viral meningitis 
Herpes simplex encephalitis 
Multiple sclerosis 
OND 

Mice with acute LCMW /VSV 
disease 

Bacterial meningitis 
Viral meningitis 
Multiple sclerosis 
OND 

Mice with 
- listeria meningitis 
- LCMV disease 

Degenerative spinal disease 

Severe head injury 
Degenerative spinal diseases 

Guinea pigs with chronic 
relapsing EAE 

IL-1 Cats treated with 
- LPS, iv 
- ll..-l, iv 
- LPS, ic 

CSF Authors 
pos./total 

14/16 

0/6 
0/7 
0/7 

30/30 

0/29 

Positive* 

25/42 
9/24 
0/11 
0/5 
1/30 
1/12 
0/65 

12/15 
4/4 
1/31 
0/16 

Positive* 

12/17 
0/15 
0/40 
0/16 

Lebon et al 19883 

Hirsch et al 19854 

Lebon et al 19875 

Frei et al 19882 

Houssian et al 198821 

Frei et al 19882 

Frei et al 19882 

Gallo et al 198828 

Positive* Leist et al 198827 
Negative 

12/13 Gorczynski & Keystone 
198640 

12/12 McClain et al 198741 
Of? 

Positive Symons et al 198742 

Negative Coceani et al 198843 
Negative 
Positive 

• CSF samples of 3 - 6 mice were pooled and tested for their lymphokine 
activity. 
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immunoglobulins (Ig) within the CNS is suggested by the finding of an increased 
IgG/albumin ratio in CSF compared to serum and by the detection of oligo clonal 
bands of IgG and abnormal kappa/lambda ratios in CSF (reviewed in references 
8-10). There is evidence that in viral brain diseases the IgG bands of apparently 
restricted specificity are directed against the etiologic agent. eg, measles virus in 
subacute sclerosing panecephalitis. In addition, however, in multiple sclerosis an 
unexplained generalized B cell stimulation with elevated CSF antibodies to multi
ple viruses has been described. The signals which trigger B cells in the brain 
tissue to undergo clonal expansion and maturation to synthesize and secrete 
antibodies are not known. 

Recently, the cloning of cDNAs of several factors involved in activation of 
resting B cells, and in growth or differentiation of activated B cells has been 
reported. 1 1 A T lymphocyte derived factor named B cell stimulatory factor 2 
(BSF-2) which is also known as hybridoma/plasmacytoma growth factor, 12 26 kDa 
protein, 13 interferon P2 14 or interleukin-6 11 was found to induce the final 
differentiation step of B cells to high-rate Ig secretion. 1 1 When tested on human 
lymphoblastoid cell lines BSF-2 induced an increase in both ~- and y-chain 
mRNA transcription specific for Ig-heavy chains. I5 Recombinant BSF-2 added to 
B blast cells induced syntheSiS of IgM, IgG and IgA. This effect could be inhibited 
with anti-BSF-2 antibodies. I6 Our studies demonstrate the production of BSF-2 
in the CNS, a finding which may explain effective intrathecal Ig production. 

In order to evaluate for BSF-2 as well as IFNy (see above) produced intrathe
cally in infectious CNS diseases, mice were infected with LCMV (100 to 300 pfu) 
or veSicular stomatitis virus (VSV) (5 x 103 pfu). The two model infections in 
mice differ in their pathogenesis. Acute experimental LCMV infection which 
leads to death within 6 to 8 days is characterized by an inflammatory response in 
the leptomeninges, the ependymal layer and chOrioid plexus. Many studies have 
implicated T cells as central to the development of LCMV disease. The presence 
of cytotoxiC T cells (Lyt-2+) with an almost absence of L3T4+ cells in the CSF has 
been shown by flow microfluorometry.I7 The crucial role of Lyt-2+ cells is evi
denced by the induction of disease by LCMV specific Lyt-2+ cells injected into 
immunosuppressed LCMV infected mice which as a result of the T cell transfer 
develop an acute CNS disease. IS In contrast, infection with VSV causes an acute 
encephalitis due to the cytopathogenic effects on brain parenchymal cells; death 
occurs in both T cell deficient athymic mice as well as in normal mice within 3 -
4 days after intracerebral infection. 

In the CSF, BSF-2 was measured by a bioassay using the BSF-2 dependent B 
cell hybridoma 7fDl. Both IFNy and BSF-2 can only be detected in CSF of 
normal ICR +/+ mice with acute LCMV disease. 2 In athymic ICR nu/nu mice, 
which do not develop LCMV disease neither IFNynor BSF-2 becomes measurable 
in the CSF. However, unlike IFNy - a product of activated T cells - BSF-2 was 
found in very high levels in the CSF of athymic nu/nu mice with acute VSV infec
tion, the amounts of BSF-2 being up to 60 times higher in CSF compared to 
serum. I9 These observations suggested that in the brain, syntheSiS of BSF-2 may 
take place not only by invading T cells but also by brain parenchymal cells. 
Indeed, both cultured astrocytes and microglial cells of ICR +/+ mice secrete 
BSF-2 when infected with LCMV.I9 Fibroblasts have recently also been found to 
secrete BSF-2 when infected with different RNA and DNA viruses. 20 As in mice, 
BSF-2 has been demonstrated in two independent studies of patients with viral 
meningitis and viral encephalitis.2 ,21 

The local production of BSF-2 by glial cells and/or by T cells/monocytes 
which have invaded; the brain parenchyma or meninges may amplify the 
maturation of infiltrating virus immune B lymphocytes and activate them in situ 
to a high rate of secretion of antiviral antibodies to prevent further spread of 
cytopathic virus. As BSF-2 was also observed to induce synthesis of nerve growth 
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factor (NGF) byastrocytes in vitro. BSF-2 production in the CNS may contribute 
to neurotrophic support. 19 

TUMOR NECROSIS FACTOR a AS AN INDICATOR OF BACTERIAL MENINGmS 

TNFa (for review see references 22.23) was initially discovered because of 
its tumor-killing activity in vivo. Some cultured cell lines. such as the La D9S. 
BT-20. MCF -7 and ME-ISO. are highly sensitive to the cytotoxic action of TNF in 
vitro. Many others are sensitive to the toxic action only when cotreated with 
interferon. particularly IFNy. It has to be pointed out that non-transformed cells 
remain unaffected by TNF treatment. However. when treated also with an 
inhibitor of transcription or protein synthesis or with interleukin-I. some of 
these normal diploid cells (eg. pancreatic islet cells) can also be lysed - except 
some transformed B cells. lymphocytes and erythrocytes nearly all cells are 
positive for TNF receptors. In the CNS. TNFa has been suggested to mediate 
macrophage induced demyelination. as TNFa had some cytotoxic activity on rat 
oligodendrocytes.24 Besides causing tumor regression in vivo. TNFa is also a 
central regulator of inflammation and immunity. In the context of the finding of 
TNFa in the CSF in bacterial meningitis (see below). it is interesting that TNFa 
has direct effects on granulocytes. increasing their attachment to the vessel wall. 
their migration into damaged tissue and their production of toxic oxygen 
products that destroy bacteria. On endothelial cells. TNFa induces the secretio? 
of procoagulant activity. the secretion of IL-Ia and IL-I~ and the expression of 
MHC class I antigens and of an adhesion molecule for lymphocytes termed RR-I. 
Upon injection into rats. high doses of TNFa cause hemorrhagic necrosis being 
indistinguishable from that resulting from endotoxin administration. Endotoxin 
shock and death can be prevented by antibodies against TNFa. These studies 
were all done with cachectin which later turned out to be identical to TNFa. By 
suppressing the lipoprotein lipase. cachectinjTNFa inhibits the normal storage 
of fact and causes cachexia (for review see references 22.23). 

In vivo TNFajcachectin was originally detected in the serum of mice 
infected with Bacillus Calmette-Guerin (BCG) and subsequently injected with 
endotoxin. When sera from patients with a variety of infectious diseases were 
examined (eg. various fungal and bacterial infections). only those from patients 
with visceral leishmaniasis (1S of 27 sera) or malaria (seven of 10 sera) showed a 
raised frequency of elevated TNFa levels.25 Of 79 serum samples tested of 
patients with meningococcal disease. IS contained TNFa. 26 In the group of 
patients with meningococcal meningitis. only four of the 41 sera were positive. 
In previous investigations we have searched for TNFa in CSF and serum of 
animals with experimental infectious meningitis or patients with acute 
meningitis. 

C57BLj6 mice which were infected intracerebrally with listeria mono
cytogenes (600 cfu) died between Days 3 and 4 after infection. The CSF showed 
marked pleocytosis with predominantly polymorphonuclear cells (>90%). In the 
brain an intense meningitis was observed. Already 3 hr after infection TNFa was 
detected in the CSF; the levels further increased over the next 24 - 4S hr.27 
Interestingly. TNFa was not detected in the serum of these mice suggesting 
intrathecal synthesis of TNFa Furthermore. TNFa was also not observed in mice 
infected with LCMV - this was even true prior to death of the animals (Day 6 to 
Day 7).27 Thus. bacterial meningitis was distinguishable from viral meningitis on 
the basis of the occurrence of TNFa in CSF. By in situ hybridization using an 
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antisense TNFa probe. however. low numbers of TNFa mRNA positive cells (3-
7.7%) were identified also in the inflammatory cell infiltrate in LCMV disease. 26 
Thus. the negative fmding of TNFa in CSF may reflect either post-transcriptional 
regulation of TNFa biosynthesis or consumption of TNFa at the lesion site. 

In analogy to the animal study. all samples of 12 patients with acute 
bacterial meningitis due to Neisseria meningitis, Haemophilus injluenzae or 
Streptococcus pneumoniae were positive for TNFa when tested by ELISA. Of five 
patients who had clinically improved (after Day 3 of admission to the hospital). 
the CSF did not contain TNFa. TNFa was also not detected in the CSF of patients 
with acute aseptic viral meningitis. subacute or chronic bacterial (Treponema 
pallidum. Mycobacterium tuberculosis). fungous and protozoan meningitis/ 
meningoencephalitis. 28 The intrathecal synthesis of TNFa in bacterial meningitis 
may contribute to the blood-brain barrier damage observed in meningitis. 
Furthermore. TNFa may exert direct cytotoxic effects and/or operate by 
activating polymorphonuclear cells to release toxic radicals. Sensitive ELISA 
techniques may be of diagnostic help to evaluate for the presence of TNFa in CSF 
from patients with acute meningitis of unknown or uncertain ethiology. 

INTERLEUKIN-l OR INTERLEUKIN-6 IN ACUTE EAE? 

IL-l is a polypeptide synthesized by a variety of cell types including those of 
hematological (mainly monocytes-macrophages). dermasomal (keratinocytes) and 
neuronal (astrocytes. microglial cells) origin. Many of the activities attributed to 
TNFa are also mediated by IL-l. which is an immunomodulatory molecule that 
promotes also fibroblast growth. regulates the hepatic acute phase glycoprotein 
synthesis and is a principal mediator of fever in mammalian species (endogenous 
pyrogen) (reviewed in reference 29). Most relevant to the investigations of IL-l 
CSF are the demonstration of IL-l (1) to induce prostaglandin synthesis when 
applied on cortical slices. 30 (2) to cause a febrile response and an increase of 
slow wave sleep (SWS) activity when injected intracerebro-ventricularly.31.32 (3) 
to influence neuro-endoctrine pathways by. for example. reducing opioid 
binding33 or inducing corticotropin releasing factor secretion.34 and (4) to 
induce an increase in astrocyte growth.35 The receptor for IL- 1 a has been shown 
to be identical to that for IL-l~ on both murine and human cells. Brain sections 
incubated with [l25Il-IL-l also demonstrated a distinctive pattern of IL-l 
receptor distribution mostly on neuronal cells that was widespread throughout 
the brain.36 Additionally. affinity crosslinking studies indicate that the rat brain 
IL-l receptor shares similarities with the IL-l binding sites described on T cells 
and fibroblasts.36 An IL-l like activity has been demonstrated in supernatants of 
cultured astrocytes37 as well as in extracts of brain from either mice being 
injected intraperitoneally with endotoxin38 or from rats with brain lesions. 39 A 
few studies have focused on IL-l in CSF samples. 

In a thorough study on CSF from patients with noninflammatory neurologic 
diseases (eg. disc herniation. cervical spondylosis. spondylolisthesis and 
degenerative disc disease) IL-l was detected when using the mitogen costimu
lation assay with mouse thymocytes or the IL-l dependent IL-2 secretion by 
LBRM-IA5B6 cells. Upon fractionation on G-I00 colunms most of the activity 
eluted in fractions with corresponding molecular weights of 15 kDa and 30 
kDa.40 This is in contrast to a recent study showing no IL-l like activity in CSF of 
control subjects undergoing myelograms. However. patients with severe head 
injury had detectable ventricular fluid IL-l activities as shown by testing 
Sephadex G-50 fractions of ventricular fluids in the thymocyte assay.41 In strain 
13 guinea pigs with chroniC relapsing experimental allergic encephalitis due to 
immunization with homologous spinal cord in complete Freund's adjuvant. 11-1 
was detected in the thymocyte assay in CSF of animals wiill postacute. relapse or 
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remission phases of disease. 42 On sephacryl S-200 the IL-l peak appeared in 
fractions with an apparent molecular weight of 15 kDa. 

In experiments with systemically administered IL-l or endotoxin no IL-l 
was detected in the CSF of the experimental animals. indicating impermeability 
of the blood brain barrier for IL- 1.43 This is in contrast to the studies with 
systemic IL-2 infusions which were followed by the appearance of IL-2 in lumbar 
CSF 4-6 hr later.44 The CSF pharmacokinetics contrasted with the rapid elimi
nation of IL-2 from plasma and demonstrated significant blood-CSF barrier 
penetration.44 

Taken together. there is evidence for an IL-l like activity in CSF or ventric
ular fluids of some patients or even non-inflammatory controls when tested in 
the thymocyte assay. However. at least one other cytokine. BSF-2. has been 
found to have effects on thymocytes which are not distinguishable from those 
observed with IL-1.45 Therefore. future studies have to be carried out by taking 
the advantage of the availability of antibodies against IL-la, 1L-113 and BSF-2/1L-6. 

CONCLUSION 

The analysis of CSF for the presence of cytokines offers a strategy which in 
general will help to define the role of cytokines in inflammatory reactions in-vivo. 
More specifically. the demonstration of intrathecal synthesis of cytokines will 
contribute to the question on possible participation of brain parenchymal cells in 
the regulation of immune processes taking place in the CNS. For instance. the 
detection of intrathecal production of BSF-2 in viral infections of the CNS. 
together with the in vitro finding of synthesis of BSF-2 by virus-infected 
astrocytes and microglial cells. strongly favors the hypothesis that the intrathecal 
synthesis of antiviral immunoglobulins by B cells infiltrating the brain 
parenchyma is supported by glial cells in the brain. Furthermore. high levels of 
IFN'Y in the CSF in T cell mediated viral diseases may induce the expression of 
MHC class I and II antigens on brain parenchymal cells and meningeal cells; this 
will enable facultative antigen presenter cells (APC) to fulml their function and to 
present antigens to T IB cells invading the CNS. TNFa produced intra the cally in 
bacterial meningitis may be the key mediator for the initiation of the meningal 
inflammatory response. In further studies the regulation of cytokine production 
in the CNS has to be addressed. 
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