Clin Exp Immunol 2000; 122:257-263

Macrophage inflammatory protein-l1a (MIP-1a), MIP-183, and RANTES
mRNA semiquantification and protein expression in active demyelinating
multiple sclerosis (MS) lesions
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SUMMARY

MS is a demyelinating disease characterized by infiltration of monocytes and lymphocytes into the brain
parenchyma, destruction of oligodendrocytes and loss of myelin. Since chemokines play a major role
in the migration of monocytes and T cells, we here investigated the expression of the CC chemokines
MIP-1a, MIP-18, and RANTES in brain tissue from MS patients using reverse transcriptase-polymerase
chain reaction techniques. Both MIP-1 as well as RANTES were found to be significantly elevated in
brain tissue of MS patients. In addition, MIP-1a was also increased, although not significantly.
Immunohistochemistry revealed that, whereas RANTES was mainly localized in reactive astrocytes,
MIP-1e and MIP-18 immunoreactivity was predominantly found in perivascular and parenchymal
macrophages, containing myelin degradation products. Thus, chemokines appear to be associated with
MS and an increased chemokine expression may further enhance disease progression by attracting more
leucocytes into the brain parenchyma and by activation of effector functions of astrocytes and microglial

cells.
Keywords CC chemokines macrophages astrocytes reverse transcriptase-polymerase chain
reaction immunohistochemistry
INTRODUCTION demyelinating disease of the central nervous system (CNS),

Chemokines are low molecular weight molecules (8—10 kD) that
are able to attract various cell types to sites of infection and
inflammation. They play an important role in this chemoattraction
and subsequent activation of these cells by binding to specific
cell-surface receptors that belong to a superfamily of G protein-
coupled seven-transmembrane-segment receptors [1]. Two major
chemokine families, the CC and the CXC chemokines, can be
distinguished based on their function, sequence, and chromosomal
location. CC chemokines preferentially attract monocytes and
lymphocytes, whereas CXC chemokines mainly have a chemo-
tactic effect on neutrophils.

The CC chemokines, that are associated with chronic
inflammation, have been implicated in diseases characterized by
monocyte-rich infiltrates, such as atherosclerosis [2], rheumatoid
arthritis [3], AIDS dementia complex [4,5] and might also
participate in the pathogenesis of MS [6,7]. MS is a chronic
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characterized by neurological symptoms caused by impaired nerve
conduction. Clinical signs of MS are a result of inflammatory
lesions in the CNS. Early in lesion development there is break-
down of the blood—brain barrier (BBB), allowing mononuclear
cells to enter the CNS. Neuropathology of MS is characterized by
an inflammatory perivascular infiltrate, predominately consisting
of macrophages, a large number of parenchymal macrophages,
astrocytic gliosis and loss of myelin in the white matter [8].
Macrophages are believed to play an active part in demyeliniza-
tion by stripping of myelin lamellae [9] and phagocytosis of the
myelin proteins [10]. Since the recruitment of blood monocytes
into the brain parenchyma appears to be correlated with disease
progression, mechanisms of this recruitment are currently studied
intensively. Chemokine expression, and in particular monocyte
chemoattractant protein-1 (MCP-1), has been studied in demye-
linating MS lesions by various groups using immunohistochem-
ical techniques [7,11,12] and chemokine levels have been
measured in the cerebrospinal fluid (CSF) of MS patients [13].
In addition, McManus et al. have demonstrated MCP-1 mRNA
expression by reactive astrocytes and inflammatory macrophages
using in situ hybridization techniques [7]. However, this is the first
study that compares mRNA expression levels of the CC
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chemokines, MIP-1a, MIP-13, and regulated upon activation,
normal T cell expressed and secreted (RANTES), in post mortem
brain tissue of MS cases with chemokine mRNA expression levels
in brain tissue of normal cases. Furthermore, we performed
immunohistochemical staining on frozen tissue sections derived
from actively demyelinating MS lesions to determine the cellular
localization of different CC chemokines.

MATERIALS AND METHODS

Human brain tissue samples

Human brain tissue was obtained at autopsy (with short post
mortem intervals; see Table 1) from six MS cases and six age-
matched cases without a history of brain disease. The autopsies
were performed under the management of the Netherlands Brain
Bank, Amsterdam (coordinator Dr R. Ravid). In all MS cases,
multiple tissue samples were taken from lesions located in the
brain. Tissue samples from non-neurological control cases were
taken from the subcortical white matter or corpus callosum.
Subsequently, for all samples, 10 serial sections were obtained for
RNA isolation. The clinical diagnosis of MS was confirmed
neuropathologically. Brain tissue samples were snap-frozen in
liquid nitrogen and stored at —196°C. Haematoxylin and eosin
(H-E)-stained sections were prepared from the obtained brain
tissue. Tissue samples derived from MS lesions were stained with
the neutral lipid marker oil red O (ORO) to delineate areas of
myelin breakdown and demyelination, with KP1 (CD68) and LCA
(CD45) to detect leucocyte infiltration, and with anti-glial
fibrillary acidic protein (anti-GFAP) to determine the extent of
astrogliosis (see below).

Reverse transcriptase-polymerase chain reaction detection of
chemokines

Brain tissue was homogenized and lysed in 1 ml TRIzol (Life
Technologies, Gaithersburg, MD) according to the manufacturer’s
guidelines. Total RNA was isolated and dissolved in diethyl-
pyrocarbonate (DEPC)-treated water and 1 ug of RNA was used
for the synthesis of complementary DNA and polymerase chain

Table 1. Details of MS and normal control autopsy brain tssue

NBB* no. Age, years Sex Post mortem delay

Multiple sclerosis cases:

96-040 35 F 5 h 45 min
96-074 40 F 7 h 00 min
96-076 81 F 4 h 15 min
96-121 53 F 7 h 15 min
97-160 40 F 7 h 00 min
97-050 85 F 4 h 00 min
Normal control cases:

94-113 82 F 6 h 30 min
94-119 51 F 7 h 45 min
94-125 51 M 6 h 00 min
95-007 54 F 9 h 15 min
98-125 58 F 6 h 15 min
98-127 56 M 5 h 30 min

*NBB, Netherlands brain bank.

reactions (PCR) were performed as described previously [14].
Amplification of the cDNA was accomplished using one primer
biotinylated on the 5’ terminal nucleotide to facilitate later capture
using streptavidin. To confirm single band product positive reac-
tions were subjected to 40 cycles amplification and electrophoresis
followed by ethidium bromide staining. For semiquantification,
all primer pairs were tested at different cycle numbers to
determine the linear range. GAPDH mRNA levels were measured
at 30 cycles, whereas cDNA had to be subjected to 32 cycles to be
in the linear range to detect MIP-1a, MIP-1f3, and 37 cycles for
RANTES.

Aliquots of 5 ul of the biotinylated PCR product were semi-
quantitatively analysed using a fluorescent digoxigenin (DIG)
detection ELISA kit (Boehringer Mannheim, Germany) according
to the manufacturer’s protocol as described previously [14]. In
short, the biotinylated strand of denatured PCR product was
captured by immobilized streptavidin. Then, a DIG-labelled
specific probe was added, followed by an alkaline phosphatase-
labelled antibody against DIG. After addition of the substrate,
fluorescence was measured in relative fluorescence units (RFU) in
a fluorescence multiwell plate reader (Perseptive Biosystems,
Framingham, MA) at excitation 450 nm/emission 550 nm. All
data were normalized against GAPDH mRNA levels, which was
used as an internal standard. Data were compared, and a Kruskal—
Wallis H-test was used to determine P values. Primer and probe
sequences are shown in Table 2.

Immunohistochemistry

Mouse anti-human MIP-1a (IgG2a), MIP-18 (IgG2b) and
RANTES (IgG1) were obtained from R&D Systems (Abingdon,
UK). Mouse anti-human KP1 (CD68; IgG1), mouse anti-human
leucocyte common antigen (LCA; CD45; IgG1) and rabbit anti-
cow GFAP were obtained from Dako (Glostrup, Denmark).
Purified mouse myeloma protein IgG1 (k), used as an isotype-
specific control antibody, was obtained from ICN Pharmaceuticals
(Aurora, OH).

Frozen sections (5 wm thick) of MS lesions and normal
control CNS tissue were mounted on poly L-lysine (PLL)-coated
glass slides, air dried and fixed in acetone for 10 min at room
temperature. All washes were carried out for 15 min with 0-01 m

Table 2. Sequences of the oligonucleotide primers and probes in reverse
transcriptase-polymerase chain reaction

Target

(product size) Sequence 5'-3'

GAPDH Sense CCATGGAGAAGGCTGGGG
(195 bp) Antisense CAAAGTTGTCATGGATGACC
Probe CTGCACCACCAACTGCTTAGC
MIP-1« Sense TGCATCACTTGCTGCTGACACG
(333 bp) Antisense CAACCAGTCCATAGAAGAGG
Probe CTGACTACTTTGAGACGAGC
MIP-1p Sense CCAAACCAAAAGAAGCAAGC
(310 bp) Antisense AGAAACAGTGACAGTGGACC
Probe ACATCTCCTCCATACTCAGG
RANTES Sense CTTTGTCACCCGAAAGAACC
(352 bp) Antisense GTTTCATCATGTTGGCCAGG
Probe TTGCTCTTGTCCTAGCTTGG
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PBS pH 7-4 and antibodies were diluted in PBS containing 1%
bovine serum albumin (BSA). To prevent aspecific binding,
sections were preincubated with 10% normal swine serum (for
polyclonal antibodies (pAbs)) or with 2% normal rabbit serum (for
MoAbs) for 10 min at room temperature. Primary antibodies were
diluted in PBS—-BSA as follows: MIP-1a 1:10, MIP-18 1:10,
RANTES 1:50, KP1 1:400, LCA 1:50 and GFAP 1:1000, and
incubated for 1 h at room temperature, followed by washing.
Control sections were incubated with mouse purified IgG1 (1:100
dilution). After washing immunolabelling with primary antibodies
was detected with biotinylated rabbit anti-mouse or biotinylated
swine anti-rabbit (Dako) for 30 min at room temperature and
avidin—biotin—peroxidase complexes (ABC; Vector Labs, Burlin-
game, CA) for 1 h at room temperature. Peroxidase activity was
demonstrated with 0-5 mg/ml 3,3’-diaminobenzidine tetrachloride
(DAB; Sigma, St Louis, MO) in 0-05 m Tris—HCl buffer pH 7-6
containing 0-03% H,0,. Sections were counterstained with
haematoxylin, dehydrated and mounted in Entellan (Merck,
Darmstadt, Germany).

All sections were evaluated by light microscopy, and the
immunoreactivity was scored by assignment of —, +/—, + or
++ for no, weak, moderate, and strong immunoreactivity,
respectively.

RESULTS

Neuropathological evaluation

Frozen sections from all MS lesions were histochemically stained
with ORO and immunohistochemically with KP1, LCA and
GFAP antibodies to evaluate MS lesion activity. The selected MS
lesions contained abundant phagocytic, ORO- and KP1-positive
foamy macrophages (Fig. 1A,B) and were classified as active
demyelinating. In normal control white matter (corpus callosum or
subcortical white matter) no activity of inflammatory cells was
detected. Reactive astrocytes immunoreactive for GFAP were
distributed throughout the lesion (Fig. 1C).

MIP-18 and RANTES mRNA levels are significantly elevated in
active demyelinating MS lesions

A semiquantitative fluorescence assay was used to study the levels
of expression of the three CC chemokines MIP-1«, MIP-183, and
RANTES in post mortem brain tissue of MS cases and age-matched
control cases (C). The mean mRNA levels after three PCR rounds
of all gene products, expressed in RFU, are depicted in Fig. 2. MIP-
18 and RANTES mRNA was detected in the MS group at
significantly higher levels than in the control group (P < 0-05 and
P < 0-01, respectively). RANTES mRNA was much less abundant
than MIP-1p, as indicated by the number of PCR rounds needed for
linear amplification. Furthermore, although MIP-1a levels were
increased in brain tissue of the MS patients compared with the
control patients, this increase was not significant (P < 0-2).

Immunohistochemical staining for MIP-1ca, MIP-13 and
RANTES on normal control brain tissue and in active
demyelinating MS lesions

In frozen tissue sections from the white matter derived from
normal control cases no immunoreactivity for MIP-18 could be
detected. RANTES was weakly expressed by astrocytes surround-
ing blood vessel walls (not shown) and MIP-1a was weakly
expressed by resident microglia (arrows) throughout the white
matter of control cases (Fig. 3).

In active demyelinating MS lesions a moderate staining
for RANTES was detected in cells morphologically resembling
reactive astrocytes (Fig. 4A). Adjacent normal appearing white
matter (NAWM) demonstrated weak immunoreactivity for
RANTES in reactive astrocytes. In a serial section astrocytes
were identified by GFAP staining (Fig. 4B). Furthermore, neither

Fig. 1. Frozen sections from active demyelinating MS brain lesions (case
no. 96-040; 97-160). The sections have been counterstained with
haematoxylin which stains nuclei blue. (A) Histochemical staining with
the neutral lipid marker oil red O (ORO). Abundant myelin debris-filled
ORO™ perivascular and parenchymal macrophages are distributed through-
out the demyelinated lesion. (B) A serial section showing numerous
phagocytic macrophages that are strongly immunoreactive for the macro-
phage-specific marker KP1 (CD68). (C) Reactive astrocytes are strongly
immunoreactive for glial fibrillary acidic protein (GFAP, arrows). (Mag.
x 180.)
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Fig. 2. Chemokine mRNA levels in the frontal cortex of post mortem brain tissue of MS patients and age-matched control patients (C)
expressed as relative fluorescence units (RFU). Significantly elevated gene expression for regulated upon activation, normal T cell expressed
and secreted (RANTES) ((a), P < 0-05) and MIP-18 ((b), P < 0-05) was found in MS patients compared with control patients. MIP-1a
mRNA levels were increased, although not significantly ((c), P > 0-05) in MS patients. P values were calculated using Kruskal-Wallis H-
test. Results are representative of at least three independent polymerase chain reaction experiments.
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Fig. 3. Frozen sections from the white matter of a normal control case
(case no. 94-119). The sections have been counterstained with haematoxy-
lin which stains nuclei blue. Immunohistochemical staining with a MIP-1«
MoAb of the subcortical white matter showing immunoreactive resident
microglia (arrows) distributed throughout the brain parenchyma. (Mag.
x 180.)

macrophages and lymphocytes present in perivascular infiltrates,
nor parenchymal phagocytic macrophages displayed RANTES
immunoreactivity. With the IgG1 isotype-matched control anti-
body no aspecific staining was detected (not shown). A moderate
immunoreactivity for MIP-la was detected in myelin debris-
containing perivascular and parenchymal macrophages distributed
throughout the demyelinated region (Fig. 4C), whereas weak
MIP-1a staining was found in microglia in NAWM. Strong
MIP-18 immunoreactivity could be detected in phagocytic

macrophages (Fig. 4D) in active demyelinating lesions. Staining
on serial sections using KP1 (CD68) antibodies confirmed the
phenotype of these cells (see Fig. 1B). Table 3 gives a summary
of chemokine distribution in normal control brain tissue, active
demyelinating MS lesions and adjacent NAWM. This Table
shows representative results from three areas for each sample, for
all cases.

DISCUSSION

Although both chronic and active demyelinating MS lesions con-
tain far more macrophages than T cells, the role of macrophages
in MS is still not completely understood. Macrophages have been
associated with neurotoxic as well as neurotrophic mechanisms in
MS [15] and are therefore probably important regulators of brain
homeostasis. Macrophage-associated neurotoxicity is also found
in neurodegenerative diseases that are characterized by macro-
phage infiltration, like AIDS dementia complex (ADC). In brain
tissue of patients suffering from ADC a variety of macrophage-
derived neurotoxins can be detected [16] and immune activation
may play a pivotal role in disease progression [14,17]. Similarly,
in MS patients mononuclear cells have been shown to secrete
proinflammatory cytokines [8,18] which are also likely to exert
detrimental effects. In experimental allergic encephalomyelitis
(EAE), a frequently studied animal model system for demyelina-
tion, it was shown that activated macrophages secrete molecules
that play a role in the development of the clinical and pathological
expression of EAE and depletion of macrophages even prevented
EAE [19,20]. Another major pathophysiological mechanism may
involve an elevated secretion of matrix metalloproteinases

Table 3. Immunohistochemical staining patterns of chemokine expression in normal control brain tissue and active demyelinating
lesions and adjacent normal appearing white matter (NAWM)

Resident microglia

Phagocytic macrophages

(Reactive) astrocytes

Antibody Control* NAWM+ MS lesioni Control NAWM MS lesion
RANTES - - - +/— +/—- +
MIP-1« +/- +/ + - - -
MIP-1p - - ++ - - —

—, No staining; +/—, weak staining; +, moderate staining; ++, strong staining.
*Control: brain tissue of non-neurological control cases.
TNAWM: normal appearing white matter of MS brains.

FMS lesion: active demyelinating lesions.
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Fig. 4. Frozen sections from active demyelinating MS lesions (case no. 96-040; 97-160). The sections have been counterstained with
haematoxylin which stains nuclei blue. (A) Immunohistochemical staining with a regulated upon activation, normal T cell expressed and
secreted (RANTES) MoAb of an active demyelinating MS lesion. A moderate immunoreactivity for RANTES was detected in virtually all
reactive astrocytes (arrows). (B) In a serial section, reactive astrocytes in active demyelinating lesions demonstrate strong immunoreactivity
for glial fibrillary acidic protein (GFAP) (arrows). (C) Immunohistochemical staining with a MIP-1o« MoAb of an active demyelinating MS
lesion. A moderate immunoreactivity for MIP-1a was detected in myelin debris-containing perivascular macrophages (arrowhead) and
parenchymal macrophages (arrows) distributed throughout the lesion. (D) On a serial section a strong immunoreactivity was detected for
MIP-18 in these foamy macrophages (arrows). (Mag. x 180 (D) and x 360 (A,B,C.)

(MMPs) by macrophages. MMPs are proteinases that may be
involved in various mechanisms leading to tissue destruction and
inflammation like degradation of myelin, breakdown of the blood—
brain barrier and subsequent leucocyte migration into the CNS,
and immune activation [21,22]. However, brain macrophages also
appear to have beneficial effects [23]. Cytokine signalling may
result in the induction of growth factors that may promote
proliferation of oligodendrocytes and myelin regeneration [24,25].
In fact, in EAE it was shown that insulin growth factor 1 can
reduce lesion severity and promote myelin regeneration, and
neurotrophic factors are being considered as potential therapy for
MS [26,27].

Thus, macrophages appear to play a determining role in the
progression of MS and it is essential that mechanisms of leucocyte
recruitment are studied. The results of this study strengthen the
current hypothesis that chemokines may be involved in lesion
formation by attracting lymphocytes and monocytes into the brain
parenchyma. Moreover, in addition to the recruitment of leuco-
cytes into a site of tissue damage, CC chemokines are involved
in the activation of effector functions of leucocytes. MCP-1

stimulates release of lysosomal enzymes and the respiratory burst
in monocytes [28]. It is also thought that CC chemokines, like
RANTES and MIP-1«, provide a necessary signal for T lympho-
cyte activation [29,30], thereby facilitating antigen presentation.
Recently it was shown that, besides chemokines, chemokine
receptor expression may also be modulated in different stages of
MS [31,32], which suggests that differential chemokine receptor
expression may be involved in disease development. Balashov
et al. also suggest an important role for MIP-1«, but do not study
MIP-18 and RANTES, nor do they quantify expression [31]. In
the present study, it is shown that brain tissue of MS patients
demonstrates a significant increase of MIP-138 and RANTES
mRNA expression. MIP-1a« mRNA expression levels were not
significantly increased, but were elevated, which corresponds with
the protein expression detected in normal control brain tissue and
in MS lesions. Considering the increase in CCRS5-positive cells
[31,32], which is the receptor for RANTES, MIP-1a and MIP-18,
this increase in chemokine expression is very likely to have major
consequences. By immunohistochemical analysis of serial post
mortem brain tissue sections we showed that both reactive

© 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 122:257-263
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astrocytes as well as phagocytic perivascular and parenchymal
macrophages and locally activated microglial cells are involved in
the production of chemokines. Although the results of the mRNA
semiquantification are in agreement with previous studies
[6,13,32], the localization varies. Whereas Hvas and colleagues
demonstrated RANTES immunoreactivity primarily in T cells, we
and others show RANTES staining in reactive astrocytes [11],
which is strengthened by an in vitro study that shows that local
inflammation can induce RANTES in astrocytes [33]. There are
also discrepancies in the localization of other chemokines,
although MIP-18 appears to be only associated with macrophages
[11,34]. These differences in the determination of the cellular
source of chemokines may be caused by suboptimal staining
techniques and different expression levels.

Thus, in addition to focusing therapeutic strategies on the
inhibition of pathophysiological mechanisms or on the enhance-
ment of neurotrophic mechanism, preventing massive infiltration
of macrophages into the brain parenchyma and inhibition of
macrophage effector functions may also provide a successful
strategy against MS. Blocking actions of molecules like chemo-
kines that enhance macrophage infiltration will therefore be an
important goal of future studies.
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