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Comparison of methods to identify microglial cells
and macrophages in the human central nervous

system
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SUMMARY The macrophage markers non-specific esterase, a ,-antitrypsin, a,-antichymotrypsin,
and lysozyme were compared with conventional microglial and macrophage stains in the human
central nervous system. In a series of specimens from cases of head trauma, conventionally fixed
and embedded, the modified Weil-Davenport stain was unequivocally best for demonstrating
reactive microglia. a,-antichymotrypsin, however, was the most effective for showing mac-
rophages in a series of specimens from patients with other conditions, which included inflammat-
ory, neoplastic, and non-inflammatory diseases. The non-specific esterase reaction was unsatis-
factory in tissues fixed in neutral formalin but was successful in fresh frozen tissue. In a series of
specimens from cases of multiple sclerosis, non-specific esterase showed demyelination clearly
and stained neuronal cytoplasm. It also stained macrophages but was less satisfactory for lipid-
bearing phagocytes in multiple sclerosis than oil red 0.

Identification of lymphoreticular cells in tissue sec-
tions has recently been considerably improved by
the use of immunohistological or histochemical
techniques which enable cell specific marker
molecules or enzymes to be detected. Thus his-
tochemical techniques which show the presence of
enzymes in macrophage or monocyte cytoplasm
have been used to good effect. One such enzyme,
non-specific esterase, has been shown in mac-
rophages in sections of lymphoreticular organs such
as tonsil and lymph node, lymphoreticular tumours,
and smears or sections of pellets of peripheral
blood monocytes.'-5 Lysozyme, a,-antitrypsin, and
ai-antichymotrypsin have likewise been shown
immunohistologically in macrophage cytoplasm in
tissue sections.68
Macrophages in the central nervous system

respond to tissue damage, invasion by foreign anti-
gens, and the presence of neoplasia. Many of these
macrophages clearly originate from blood borne
monocytes and invade the central nervous system
parenchyma via a vascular route. Other phagocytes
may arise from microglia resident in the brain which
are mobilised in the presence of injury.' These cells
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are well visualised by the use of silver stains such as
the Weil-Davenport stain.'0 Whether the cells which
have putatively evolved from microglia can also
function in the other ways that macrophages do is
not clear. It would be of considerable potential be-
nefit in understanding the pathogenesis of several
diseases of the central nervous system to know if the
enzyme markers used for identifying macrophages
in other tissues can also be applied to macrophages
in the central nervous system, whether these are of
recent vascular or microglial origin.

In this paper we describe the investigation of vari-
ous recently introduced methods to identify mac-
rophages in the central nervous system, compare
these with standard microglial and macrophage
stains, and describe their limitations.

Material and methods

TISSUES
Tonsil
Samples of tonsil obtained at routine tonsillectomy
were studied to establish conditions of fixation and
staining for various procedures and to provide con-
trol tissue containing macrophages which has been
well studied by other workers. Fresh frozen cryostat
sections and formalin-paraffin, and formalin-frozen
sections were prepared from this tissue.
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Central nervous system
Cases of head injury. Cerebral tissue from 10
patients dying after severe head trauma were
studied. The advantage of using such material is that
the time of injury (and therefore the response to
injury in the brain) can be precisely identified. We
considered that the lesions containing microglial
clusters originated from the time of injury. In the
cases studied the times of injury to death ranged
from 16 h to 13 days. Brains were fixed by suspen-
sion in neutral formalin for three to four weeks. Tis-
sue blocks from areas adjacent to contusions or from
the corpus callosum (known to be at risk in head
injury) were divided for paraffin embedding and
frozen sectioning. The time of appearance and ease
of discrimination of several cell forms were investi-
gated and compared with each of the stains used:
(1) in glial nodules containing microglial cells in
various forms-small cells with sparse short pro-
cesses, slightly larger cells with more elongated pro-
cesses, and cells with more cytoplasm (sometimes
honeycombed) and processes; (2) in phagocytic or
"Gitter' cells in parenchyma, perivascular spaces,
subarachnoid space, or areas of necrosis.
Cases ofother neurological disease. Central nervous
system tissue obtained at necropsy, formalin fixed or
fresh frozen, or both, was studied from patients with
a variety of central nervous system diseases. Forma-

lin fixed material was examined mainly in paraffin
sections. Conditions studied in formalin fixed mater-
ial included acute (pyogenic), tuberculous, and cryp-
tococcal meningitides; brain granuloma; acute dis-
seminated encephalomyelitis; herpes simplex virus
encephalitis; cerebral lymphoma; adrenoleucodys-
trophy; and multiple sclerosis. Fresh frozen cryostat
sections were examined from cases of multiple
sclerosis and the following non-inflammatory condi-
tions: Alzheimer' s disease, Huntington's disease,
Parkinson' s disease, and amyotrophic lateral
sclerosis.

STAINS
The following procedures were carried out on 8 ,um
formalin-paraffin sections: histochemical technique
for non-specific esterase (a-naphthyl acetate ester-
ase method with haematoxylin counterstain) ;"
haematoxylin and eosin; immunoperoxidase techni-
ques for a,-antitrypsin,8 a,-antichymotrypsin,7 and
lysozyme.6 Antisera were obtained from Dakopatts
and used at a dilution of 1/1000 with and without
preceding trypsin treatment (0.1% solution in Tris
saline with 0-1% CaCl2 (pH 7.4) for 40 min at
37°C). Control sections were treated with normal
rabbit serum or with specific antisera preabsorbed
with antigen. The following stains were applied to
20 Am formalin fixed frozen sections: oil red 0 and

-~~~ ~~~~~~~~4
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Fig. 1 (a) Fresh frozen section of tonsil germinal centre showing non-specific esterase activity in macrophages.
Counterstained with haematoxylin x 500. (b) Tonsil germinal centre showing staining of cells with Weil-Davenport stain.
Stained cells (arrows) are comparable to those shown by the non-specific esterase reaction X 500.
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modified Weil-Davenport.'2 On 8 ,um fresh frozen
cryostat sections non-specific esterase (a-naphthyl
acetate esterase) and oil red 0 stains were investi-
gated.

Results

TONSIL
Non-specific esterase activity was well visualised in
macrophages measuring 20-50,m in diameter in
germinal follicles in fresh frozen sections of tonsil, as
described by Crocker' (Fig. la). Fixation in neutral
formalin resulted in loss of demonstrable activity.
Although formol-calcium is the recommended
fixative, we used neutral formalin because we
wished to investigate the value of the stain in
routinely processed material.

Far fewer follicular macrophages reacted posi-
tively for a,-antichymotrypsin compared with non-
specific esterase. About the same number or slightly
fewer cells reacted for a,-antitrypsin as for a,
antichymotrypsin, but the reaction product was
much less intense. With anti-lysozyme antibody
there were fewer reacting cells and the reaction pro-
duct was weak. The intensity of reaction with these
antibodies appeared to change little, if at all, after
treating the sections with trypsin.

Esiri, Booss

The Weil-Davenport stain showed large (20-
50,um) heavily stained cells in germinal follicles.
These appeared to be equivalent in size, distribu-
tion, and number to the follicular macrophages
detected by the non-specific esterase reaction (Fig.
lb).

CENTRAL NERVOUS SYSTEM
Cases of head trauma
The Weil-Davenport stain showed scanty small mic-
roglial cells with short processes 16-20 h after
injury. These cells were undetectable with anti-
bodies to a1-antichymotrypsin, a,-antitrypsin, and
lysozyme or with any of the other stains used. In the
cases examined two to four days after injury the
Weil-Davenport stain showed a few microglia,
which were slightly larger and with more processes
than those seen earlier. These cells were also nega-
tive for a1-antichymotrypsin, a,-antitrypsin, and
lysozyme. There were occasional mononuclear cells
in perivascular spaces, which reacted positively for
a,-antichymotrypsin at this stage. These cells were
less strongly reactive for a,-antitrypsin and
lysozyme. The appearance of similarly positioned
cells with the haematoxylin and eosin stain sug-
gested that they were macrophages. Lysozyme and

.4"

_

Fig. 2 (a) Weil-Davenportstain showing reactive microglia (arrows) in frontal lobe in a case ofhead trauma
with 13 days' survival x 500. (b) Adjacent area to (a) from paraffin section treated with
anti-a,-antichymotrypsin antibody. Barely positive reaction is present in cells (arrows) comparable to those
seen in (a). Counterstained with haematoxylin x 500.
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a1-antitrypsin, but not a1-antichymotrypsin, were
detectable in scanty neutrophils also at this stage. In
tissue from patients who survived for six to 13 days
after injury the Weil-Davenport stain showed well
defined clusters of enlarged, plump bodied microglia
with elongated processes. These cells gave a weakly
positive reaction for a,-antichymotrypsin and incon-
sistent, even weaker reactions for a,-antitrypsin and
lysozyme (Fig. 2). Gitter cells and lipid-containing
macrophages were seen with haematoxylin and
eosin and oil red 0 stains respectively at this stage.
These cells gave a positive reaction for a,.
antichymotrypsin and to a lesser extent for a,.
antitrypsin and lysozyme.

Cases of other neurological diseases
In the material examined after formalin fixation and
paraffin embedding the main findings relate to the
use of the a,-antichymotrypsin, a,-antitrypsin and
lysozyme antibodies. The strongest reactions with
these antibodies were found in the macrophages
present in the subarachnoid space in chronic menin-
gitis and in brain parenchyma in acute encephalitis.
Of the three antibodies anti-a,-antichymotrypsin
gave the most satisfactory results in all conditions. In
chronic meningitis there was a strong positive reac-
tion for a,-antichymotrypsin in the cytoplasm of
some, but not all, Gitter cells and most epithelioid
cells, and there was a weak reaction in the cytoplasm

Fig. 3 Macrophages in the subarachnoid space from a case
oftuberculous meningitis. Paraffin section treated with
anti-a,-antichymotrypsin antibody. Many macrophages
show a positive reaction in the cytoplasm (examples
arrowed). The intensity of reaction is variable from cell to
cell and some Gitter cells are negative (*). Counterstained
with haematoxylin x 800.

of some, but not all multinucleate giant cells. Posi-
tive and negative reactions were sometimes
obtained in neighbouring cells with similar mor-
phological appearances (Fig. 3). In chronic mening-

~ Fig. 4 Inflammatory infltrate
4W
* - 4 in subarachnoid space from a

case of tuberculous meningitis.
Paraffin section treated with
anti-a 1-antichymotrypsin
antibody. Many cells including

* Ya epitheihoid cells have cytoplasm
which reacts positively.
Counterstained with
haematoxylin x 800.
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Fig. 5 Inflammatory infiltrate in
cerebral cortex from a case of
herpes simplex encephalitis.
Paraffin section treated with
anti-a,-antichymotrypsin
antibody. Many Gitter cells show
positive cytoplasmic reaction.
Counterstained with haematoxylin
x 500.
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Fig. 6 Case ofcerebral lymphoma. Paraffin section from
the edge ofthe tumour treated with
anti-aCantichymotrypsin antibody. Reactive astrocytes give
a positive but non-specific diffuse cytoplasmic reaction.
Counterstained with haematoxylin x 500.

itis positively reacting cells were present in well
defined granulomas and more diffusely within the
subarachnoid space (Fig. 4), ependymal regions,
perivascular spaces, and in damaged parenchyma.
Some flattened spindle shaped cells in the pia and in
the adventitial layer of blood vessels also reacted
positively for a1-antichymotrypsin. Cytoplasmic
staining varied considerably in intensity, was granu-
lar in appearance, and was sometimes confined to
perinuclear regions. In acute meningitis neutrophils
reacted positively for lysozyme and a1-antitrypsin,
but not usually for a,-antichymotrypsin. In a brain
granuloma of undetermined aetiology the zone of
epithelioid cells gave a moderately strong reaction
for a,-antichymotrypsin (less strong for a,-
antitrypsin and lysozyme). In acute disseminated
encephalomyelitis there were a few cells reacting
positively for a,-antichymotrypsin in perivascular
spaces and the subarachnoid space and occasionally
in the parenchyma, but most mononuclear
inflammatory cells were unreactive. In herpes simp-
lex encephalitis with two weeks' survival from onset
there were abundant a1-antichymotrypsin positive
Gitter cells in necrotic cerebral cortex (Fig. 5). In
adrenoleucodystrophy and multiple sclerosis there
were ai-antichymotrypsin positive macrophages in
perivascular spaces and, in adrenoleucodystrophy,
in white matter parenchyma. These cells reacted less
strongly for a,-antitrypsin and lysozyme. Tumour
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Fig. 7 Low power view offresh frozen section ofthalamus
from a case ofmultiple sclerosis showing non-specific
esterase activity in cytoplasm oflarge neurones.
Counterstained with haematoxylin x 350.

cells of the cerebral lymphoma were negative for all
the macrophage marker enzymes studied.

In addition to staining of macrophages described
above there was a considerable degree of staining of
other cellular elements which was presumed to be
non-specific. Heavy background staining of almost
all tissue was seen in areas of necrosis, and in other
areas astrocytes, particularly reactive astrocytes,
gave a strong positive reaction for al-
antichymotrypsin (Fig. 6), a,-antitrypsin, and
lysozyme. Swollen oligodendrocyte cytoplasm in a
few cases of head injury also stained weakly for
a,-antichymotrypsin. In autolysed tissue neuronal
cytoplasm and nuclei also reacted strongly. The
staining of all these structures was diffuse rather
than granular as in macrophages, but on occasion it
could give rise to confusion.

Fresh frozen sections stained for non-specific
esterase activity in multiple sclerosis showed a sur-
prisingly clear demarcation of demyelination. Mac-
rophages gave a weakly positive reaction. Lipid-
containing macrophages were generally shown more
successfully in sections stained with oil red 0. In grey
matter neuronal cytoplasm gave a strikingly positive
reaction which made detection of parenchymal mac-
rophages difficult (Fig. 7). This neuronal reaction
was particularly prominent in large neurones of
basal ganglia, thalamus, pontine nuclei, and spinal
cord anterior horns. As in the tonsil, we were unable
to obtain a positive reaction for non-specific esterase
after formalin fixation.

Discussion

It seems from the present study of cases of head
injury that none of the enzyme markers for mac-
rophages used here was as satisfactory as the Weil-
Davenport stain for identifying reacting microglial
cells of the type that appear in the lesions after head
injury described by Oppenheimer.'2 It was only at
the latest stage at which we examined these lesions
(two weeks after injury) that we obtained a weakly
positive reaction for a,-antichymotrypsin in these
cells, and antibodies to ac-antitrypsin and lysozyme
were even less satisfactory at showing them. We
have therefore failed to find convincing similarities
with regard to content of these enzymes between
reacting, Weil-Davenport positive microglial cells
and conventional macrophages. Oemichen et al'3
failed to obtain a reaction for human resting micro-
glia with an antibody raised against human
myelomonocytic cells, but studies comparable with
the present one on human reactive microglia have
not been performed. The mechanism of action of the
Weil-Davenport stain in demonstrating microglia is
not understood, but appearances of the stained cells
suggest that the stain may be deposited on the cell
membranes. It is of interest that the same stain gave
strongly positive results on tonsillar macrophages,
which are strongly non-specific esterase positive but
only a few of which gave a positive reaction for
a,-antichymotrypsin, a,-antitrypsin, and lysozyme.
It is possible that the Weil-Davenport stain precipi-
tates on the membranes of cells which have the
capacity to produce these enzymes. The related
question of whether reacting microglial cells show
non-specific esterase reactivity is one that we did not
investigate in this study. The question may be
difficult to answer at the level of resolution offered
by light microscopy because of the limited amount
of cytoplasm in many microglial forms.
The widespread use of non-specific esterase as a

monocyte-macrophage marker prompted this study
of its application to the central nervous system. It
worked well on fresh frozen material but not on
material routinely fixed in formaldehyde and
paraffin embedded. When used with haematoxylin it
provided unexpectedly good resolution of demyeli-
nation. The oil red 0 stain, however, was more satis-
factory in detecting lipid-containing phagocytes.
Furthermore, although macrophages were iden-
tified, care had to be exercised because of the strong
cytoplasmic reaction of neurones. These observa-
tions suggest that the application of the non-specific
esterase reaction to the central nervous system
needs further study.

In the study of inflammatory conditions the a,
antichymotrypsin antibody was clearly superior to
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the a1-antitrypsin or lysozyme antibodies to demon-
strate macrophages. The reaction was more intense
for a,-antichymotrypsin than for the other two
enzymes, and, in addition, ai,-antichymotrypsin,
unlike a,-antitrypsin and lysozyme, was generally
absent from neutrophils. Trypsin pretreatment of
sections did not appear to enhance reactions reliably
with any of these antibodies. Macrophages differed
considerably in the intensity of their reaction with
these antibodies. This may reflect differences in
enzyme content or accessibility to react. Isaacson
et al8 have produced evidence that a,-antitrypsin is
synthesised in macrophages, and the amount of
enzyme may well vary with the state of activity or
exhaustion of the cells. Papadimitriou et a17 consi-
dered that the intensity of immunostaining of mac-
rophages for a,-antichymotrypsin correlated with
their phagocytic activity.
We conclude that the a,-antichymotrypsin anti-

body may be useful in distinguishing macrophages
from other mononuclear inflammatory cells in the
central nervous system. Non-specific staining of glial
and in some circumstances, neuronal, elements
needs to be taken into account when these anti-
bodies are used as macrophage markers, but the
morphological differences between macrophages
and the other cells usually suffice to distinguish
them. There remains a need, however, for a specific
macrophage marker such as one detectable with a
monoclonal antibody, perhaps comparable to the
one recently described as specific for murine mac-
rophages.'4

Miss Margaret Reading provided excellent technical
assistance. This study was financially supported by
the Multiple Sclerosis Society of Great Britain and
Northern Ireland.
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