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Figure 7. Photomicrographs of immunocytochemical staining for the SIVp27(gag) antigen. A to C: Brain sections of animals 230 and 181, re-
vealing positive perivascular cells, resembling macrophages (A, arrows), individual parenchymal cell, with the appearance of microglia (B, ar-
row), and multinucleated giant cells (C, arrows). Magnification, X 400. D: Lung ofanimal 230, showing positive staining ofgiant cells (arrows) in
SlVpneumonia. Magnification, X250. E: Lymph node of animal 181, with positive staining cells (arrows) in the expanded paracortical areas.
Magnification, X250.

infect monkeys trained to perform tasks measuring
cognitive performance should help us to understand
the pathogenesis of immunodeficiency virus-induced
CNS dysfunction, and such experiments form the ba-
sis of our current studies.
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NeurofibriUary tangles are observed in several
neurodegenerative disorders including Alzhei-
mer's disease, progressive supranuclear palsy,
andamyotrophic lateral sclerosis/parkinsonism-
dementia complex of Guam. The major compo-
nents of neurofibrillary tangles are hyperphos-
phorylated tau proteins that can be directly
detected in brain homogenates, using immuno-
blotting with specific immunological probes. To
investigate whether tauproteins differ biochemi-
caly among various neurodegenerative disor-
ders, we analyzed a series ofbrain samplesfrom
Guamanian patients in comparison with Alzhei-
mer's disease, progressive supranuclear palsy,
and normal aging. In Alzheimer's disease, these
hyperphosphorylated tauproteins are composed
of a triplet referred to as tau 55, 64, and 69,
whereas inprogressive supranuclearpalsy, neu-
rofibrillary degeneration is characterized by a
tau doublet (tau 64 and 69). In thepresent study,
characterization oftau proteins was performed
by immunoblotting, on different cortical and sub-
cortical regions ofpostmortem brain specimens
from Guamanian natives. In aU ofthe cases, bio-
chemical data were always consistent with neu-
ropathological findings. In contrast to Alzbei-
mer's disease patients where the tau triplet is

found mostly in cortical regions, a similar triplet
was strongly detected in both cortical and sub-
cortical areas in Guamanian patients. The tau

projile differed quantitativelyfrom case to case
demonstrating that the Alzbeimer's disease-
related tau triplet had a heterogeneous regional
distributiont These data suggest that the tau trip-
let found in amyotrophic lateral sclerosis/
parkinsonism-dementia complex of Guam is
similar to that observed in Alzheimer's disease,
and the regional distribution oftau proteins dif-
fers in these disorders. (Am J Pathol 1995,
68:924-932)

Amyotrophic lateral sclerosis/parkinsonism-demen-
tia complex (ALS/PDC) is a chronic neurodegenera-
tive disorder highly prevalent in the native Chamorro
population of Guam in the Western Pacific ocean.1-3
The etiopathogenesis of this disorder has not yet
been elucidated, although it has been hypothesized
that environmental factors such as aluminum or neu-
rotoxins might be involved.4 Clinically, Guamanian
amyotrophic lateral sclerosis (ALS) is undistinguish-
able from sporadic ALS and presents with fascicu-
lations and lower and upper motor neuron signs.
Parkinsonism-dementia (PD) is characterized by an
insidious progressive mental decline and extrapyra-
midal signs.35 Both aspects of the disease are fre-
quently associated, but they are known to occur
separately.6

Supported by grants from the National Institutes of Health
(AG08802, AGO5138), the Brookdale Foundation, Sanofi-
Diagnostics Pasteur, and Assistance Publique-HOpitaux de Paris
(Biologie du Vieillissement 94.00.05). V. Bu6e-Scherrer is the re-
cipient of a Fellowship from the French Research Ministry.
Accepted for publication January 6, 1995.

Address reprint requests to A. Delacourte, Ph.D., INSERM
U422, Place de Verdun, 59045 Lille Cedex, France.

924



872 DiPietro et al
AJP April 1995, Vol. 146, No. 4

D

Figure 3. Photomicrograph of in situ hybridization of dermal punch wounds. Hybridization was performed with either antisense (A and B) or
sense (C and D) probes specificforJE. Arrows inidicate examples ofheavily labeled monocytic and macrophage-like cells. A: 12-hour wound; mag-
nification, X 200. B: 12-hour wound; magnificationi, X 400. C: 12-hour uwound; magnification, X 200. D: 12-hour wound; magnification, x 400.

ported by the observation that some fibroblasts in
close approximation to the early wound bed do ex-
press JE/MCP-1.
An increase in the production of JE/MCP-1 has

been documented in a variety of inflammatory patho-
logical situations, including pulmonary fibrosis, ath-
erosclerosis, allograft rejection, delayed-type hyper-
sensitivity, and rheumatoid arthritis.27-33 Therefore,
the abundant expression of JE/MCP-1 in the inflam-
matory setting of acute wounds is perhaps not un-
expected. However, as opposed to pathological situ-
ations in which sustained JE/MCP-1 expression is
observed, JE/MCP-1 mRNA expression is swiftly
down-regulated in the normal healing wound. As
such, dermal wounds might provide a valuable in vivo
model in which to further investigate the physiological
modulation of JE/MCP-1 gene expression. The rapid
increase in JE/MCP-1 expression in the early wound
could reflect the monocyte response to early inflam-
matory mediators that are produced during hemosta-

sis. One likely trigger of JE/MCP-1 expression within
wounds is thrombin, as thrombin has been shown to
be a potent inducer of JE/MCP-1 expression in mono-
cytes.34'35 Both thrombin and thrombin receptor-
activating peptides have been shown to augment the
wound repair process, but the mechanism by which
these proteins accelerate the repair process has not
yet been investigated.36 If the addition of thrombin
induces increased levels of JE/MCP-1, the subse-
quent recruitment of increased numbers of macroph-
ages would lead to a more rapid repair. In addition to
tMrombin, numerous cytokines that up-regulate JE/
MCP-1 expression, such as tumor necrosis factor-a,
interleukin 1, and platelet-derived growth factor, are
present in wounds.6'37'38 However, the peak produc-
tion of cytokines within wounds most probably occurs
at a later time point than that observed for JE/MCP-1
production, suggesting that the active synthesis of
cytokines is not responsible for the observed early
induction of JE/MCP-1.
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Figure 4. Photomicrograph ofin situ hybridization ofdermalpunch wounds. Hybridization was performed with an antisense probe specificforJE.
Arrows indicate examples of heavily labeled monocytic and macrophage-like cells (A to C) orfibroblast-like cells (D) A: 1-day wound; magnifica-
tion, X 200. B: 1-day wound; magnification, x 400. C: 2-day wound; magnification, X 400. D: 2-day wound; magnification, X 400.

Figure 5. Photomicrographs of serial sections of 1-day wotunds that
had been subjected to either in situ hybridization with an antisense
probe specific for JE (A) immunostaining with F4180, a rat mono-
clonal antibody specific for mature murine macrophages (B). Arrouw
indicates cell of identity in serial sections. Note that, as expected, not
all cells appearing in one section arefouind in the sequential section.

If thrombin is the primary stimulus for JE/MCP-1
production in wounds, the decrease in JE/MCP-1 pro-
duction in the later phases of wound repair could be
indicative of a gradual decrease in the levels of throm-
bin. Alternatively, the resolution of repair might involve
the production of anti-inflammatory cytokines such as

interleukin 10 or interleukin 13. The production of such

anti-inflammatory cytokines within wounds, and their
potential role in the resolution of repair, has not yet
been investigated.39

In these studies, the production of JE/MCP-1 is
linked temporally to maximal macrophage infiltration
into the wound. The observed peak in JE/MCP-1
mRNA expression occurs at 12 hours to 1 day after
wounding and is followed by a peak in macrophage
infiltration at day 3. The lag between maximal JE/
MCP-1 mRNA levels and maximal macrophage num-
bers may reflect the time required for JE/MCP-1 to be
synthesized and secreted. However, in vitro studies
have shown that JE/MCP-1 mRNA levels correlate di-
rectly with protein production,25 suggesting that the
detection of mRNA in situ will be closely linked to ac-
tive protein production. One possibility is that murine
JE/MCP-1, which is known to be a heavily glycosy-
lated protein,23 remains within the wound bed for an
extended time. Thus, the tissue protein levels of JE/
MCP-1 within the wound may peak later than mRNA

-!-- - -1 I
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levels and may correspond more directly to maximal
macrophage infiltration. A direct correlation between
JE/MCP-1 protein levels within the wound and macro-
phage infiltration awaits the availability of a neutral-
izing anti-JE antibody preparation.

Other molecules that are strongly chemoattractant
for monocytes may also preferentially facilitate
macrophage egress into sites of active wound repair.
Two notable macrophage chemoattractants that may
play a role in wound repair are MIP-1 and MIP-2. Re-
verse transcription polymerase chain reaction analy-
sis of inflammatory cells derived from early wounds
has documented the expression of both MIP-1 at days
1 through 7 and MIP-2 at days 1 through 3, suggest-
ing that either or both of these proteins might recruit
macrophages to sites of repair.6 However, because
the reverse transcription polymerase chain reaction
used to detect MIP-1 and MIP-2 in wound cells was
not quantitative, the relative level and temporal
course of production of these two chemokines are not
known. Another potent monocyte chemoattractant
that has been shown to be produced within wounds
is gro-j.19 mRNA for gro has been detected in rat
wound tissue at day 3 after wounding, which, in our
model, is the peak of macrophage infiltration. The in
vivo source of this cytokine has not yet been identi-
fied.

The present investigation adds JE/MCP-1 to the
growing list of chemoattractants that might favor
monocyte migration into wounds. Recent investiga-
tions have shown that JE/MCP-1 is also chemoattrac-
tant for T lymphocytes, yet few lymphocytes are ob-
served within the dermal wounds described here.40
This observation might be interpreted as proposed by
Springer41 and others, who suggest that cellular mi-
gration is a multi-step process. In wounds, as in other
tissues, the sum of several variables most probably
dictates which specific cell type will migrate. These
variables would include not only which chemoattrac-
tants are present but also endothelial activation state
and the presence of other influencing cytokines. In
the context of the healing wound, the early param-
eters, including the expression of JE/MCP-1, might
preferentially attract monocytes to wounds. Addi-
tional study will be necessary to unravel the relevant
contributions of each of these potential chemoattrac-
tants to the process of macrophage recruitment in
wound repair.
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