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Microglial interleukin-1a expression in human head injury: correlations
with neuronal and neuritic f-amyloid precursor protein expression
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Abstract

Activated microglia containing IL-la-immunoreactive (IL-1a*) product were increased 3-fold in number in the acute phase
following head injury, a risk factor for later development of Alzheimer’s disease, and this increase was correlated with a 7-fold
increase in the number of neurons with elevated f-amyloid precursor protein (B-APP) levels (R = 0.78; P < 0.05). Furthermore,
clusters of B-APP* dystrophic neurites present in these patients were invariably associated with activated IL-1a™ microglia. These
findings suggest that early overexpression of IL-1a and S-APP is a priming event for later neuropathological changes evident at end

stages of Alzheimer’s disease.
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Head injury is an identified risk factor for later devel-
opment of Alzheimer’s disease [6,7,9,29]. Neuropathol-
ogical changes similar to those seen in Alzheimer’s dis-
ease, e.g., f-amyloid-containing plaques, dystrophic
neurites and intracellular neurofibrillary tangles, may be
seen following a single severe head injury [3,20] or
following multiple injuries such as those sustained by
boxers [19] or victims of domestic violence [22]. Recent
studies have shown an increase in f-amyloid precursor
protein (8-APP) immunoreactivity in neurons [8] and the
appearance of numerous f-amyloid protein-immunopos-
itive diffuse plaques within days following a severe head
injury in patients as young as 10 years of age [20]. These
alterations are not confined to areas of primary contu-
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sion or secondary damage, but are found throughout the
cortical ribbon. In addition, increased B-APP im-
munoreactivity and mRNA (specifically the f-APP 751
transcript) has been reported in animal models of brain
injury [7]. These findings not only suggest a molecular
link between head injury and Alzheimer’s disease, but
also support a role for S-APP expression in the brain’s
acute phase response to injury [9,20].

Interleukin-1 (IL-1) is a monocyte-derived cytokine
long recognized as an initiator of acute phase responses
in injured non-neural tissue, where chronic overexpres-
sion of IL-1 can produce pathologic reactions [5]. In the
central nervous system, IL-1 is synthesized and secreted
by microglia, and excessive microglial expression of 1L-1
has been implicated in the neuropathogenesis of Alz-
heimer’s disease [12,13,18,23,25,27,30]. Of potential rele-
vance to this neuropathogenesis is the fact that IL-1 in
vitro can induce expression of S-APP [11] and can stim-
ulate the processing of S-APP via the secretory cleavage
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pathway [2]. In this study, we establish a correlation
between activated IL-1-immunoreactive (IL-1") micro-
glia and B-APP* neurons in the early, reactive phase
following head injury in humans.

We evaluated formalin-fixed, paraffin-embedded sec-
tions of mesial temporal lobe, including hippocampus
from seven patients (4 males, 3 females), 23-65 years of
age, dying between 12 hours and 10 days following head
injury; these patients were previously described by us
[7,20]. Control tissue from six patients (5 males, 1 fe-
male), of similar ages (47-78 years), without significant
neurological or neuropathological alterations, was ana-
lyzed concurrently. Positive controls were analogous tis-
sue sections from 4 Alzheimer patients (59-73 years).
Glial fibrillary acidic protein (GFAP) immunoreactivity
was used to differentiate astrocytic populations from
those expressing IL-la” cells. We used a monoclonal
anti-f-APP antibody (Clone 22C11, Boehringer-
Mannheim, Indianapolis, IN) that recognizes f-APP but
not f-amyloid deposits (results not shown). A polyclonal
antibody specific for the a isoform of IL-1 (Cistron, Pine
Brook, NH) was chosen based on our previous studies
[27] showing ceilular localization of this uncleaved
isoform. Antibodies were diluted in Tris-buffered saline
containing 2% normal goat serum: rabbit anti-human
IL-1a (Cistron, Pine Brook, NH), 1:20; rabbit anti-bo-
vine GFAP (DAKO, Carpenteria, CA), 1:300; and
mouse anti-f-APP, 1:10, and tissue sections were proc-
essed as previously described, for single immunohisto-
chemical labeling [14] and for dual labeling, according to
manufacturer’s protocol in DAKO’s double immunola-
beling kit (K-665).

Data extracted from immunopositive glia, neurons,
and neurites in five 250 diameter fields per tissue section
from each case were expressed as the mean number of
immunopositive entities per mm? per case. Correlation
coefficients were calculated using the non-parametric test
of Spearman. Significance was calculated using Student’s
1-test.

IL-1a" cells were found throughout the sampled tem-
poral cortex in brains from head-injured patients, and
their numbers were increased 3-fold relative to those in
control samples (P < 0.05; Fig. 1A). In contrast to their
counterparts in analogous samples from controls, IL-1a*
cells in head-injured patients were activated, being en-
larged with euchromatic nuclei and prominent processes
[4] (Fig. 2A-C). Cells recognized by the IL-1a antibody
used here also showed lectin binding but seldom
co-express GFAP [27], or neuron or oligodendrocyte
markers (results not shown), suggesting that they are
microglia. As we previously reported [8], and under the
conditions used here, neuronal 8-APP immunoreactivity
is barely detectable in neurons in tissue sections from
control patients. In contrast, the number of f-APP* neu-
rons in tissue from head-injured patients was increased
by 7 fold over controls (P < 0.01, Fig. 1A). These cells
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Fig. 1. A: numbers (mean * S.E.M.) of IL-1a” microglia and S-APP*
neurons in mesial temporal lobe tissue sections from 7 head-injured and
6 control patients. *P < 0.05; **P < 0.01. B: correlation between num-
bers of activated IL-la” microglia and S-APP* neurons in 7 head-
injured patients (R = 0.78; P < 0.05).

were diffusely distributed throughout the sampled tem-
poral cortex. In addition to the widespread cortical dis-
tribution of 8-APP* neurons, there were clusters of §-
APP" structures (Fig. 2B) that were similar in appear-
ance to those of neuritic plaques in Alzheimer’s disease
(Fig. 2C) and middle-aged Down’s patients (not shown).
In head- injured patients these structures were invariably
associated with substantial numbers of activated I1L-la*
microglia (Fig. 2B,C).

The numbers of IL-1a™ microglia and S-APP* neurons
and neurites in head-injured patients did not correlate
with either patient age or survival time. However, the

number of IL-1a* microglia did correlate with the num-

ber of B-APP* neurons and neurites in these patients
(Fig. 1B, R=0.78; P <0.05). These results are consis-
tent with the idea that elevated levels of IL-1a in vivo
may be instrumental in effecting increases in f-APP ex-
pression in neurons.

The elevation in IL-1 expression reported here may be
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Fig. 2. f-APP" (red) neurites and IL-1a* (brown) microglia in dual-labeled immunohistochemically reacted tissue sections from mesial temporal lobe
of control (A). head-injured (B), and Alzheimer’s (C) patients. Bar = 15 ym.

related to the brain’s attempt to ameliorate damage
through induction of molecular processes leading to re-
pair or regeneration, as IL-1 is known to promote neu-
ron survival in vitro [1] and may be involved in restora-
tion of synaptic connectivity [28]. Similarly, a reparative
function for B-APP after brain injury is suggested by its
purported role in neural cell development [16] and its
presence at synaptic sites [26]. Although the exact tempo-
ral and functional relationship between the increase in
IL-1a expression in activated microglia and the appear-
ance of S-APP" neurons and dystrophic neurites is not
resolved in our study, correlative increases in the expres-
sion of these two proteins in adjacent cellular elements
so soon after injury suggest that these are early and key
events in the process of attempted repair and regenera-
tion following head injury. The ability of IL-1 to induce
excessive expression [11] and stimulate processing of
B-APP [2] suggests that the elevated levels of IL-la
shown here may be directly responsible for the increased
amounts of S-APP. Alternatively, or in addition, 1L-1
may contribute indirectly to f-APP expression through
astrocyte activation [10] with consequent synthesis and
release of neurotrophic factors such as the astrocytic
cytokine S1008, thus favoring neuron survival and
neurite outgrowth [17], with concomitant membrane
synthesis and S-APP expression.

These molecular and cellular events may be acutely

necessary to promote neuronal survival and regeneration
of synaptic connections following head injury. They may
also, however, form the basis for the increased risk of
later neurodegeneration in these patients. For instance,
microglial activation in response (0 an injury may prime
them and their target cells such that the post-traumatic
brain is overly susceptible to additional physical, meta-
bolic, or aging-associated insults. Further studies of
longer-lived survivors of head trauma may elucidate the
nature and extent to which such priming together with
other factors contribute to development of Alzheimer’s
disease subsequent to head injury.

Similarities found between the topographical alliance
of activated IL-la* microglia and S-APP' neurites in
plague-like structures in head injury and in Alzheimer’s
disease suggest that the development of neuritic plaques
and of Alzheimer’s disease in long-term survivors of
head injury may be related to microglial IL-1a promo-
tion of neurite growth and neuritic f-APP expression
after head injury. This alliance is reflected in the correla-
tion found between the numbers of [L-1a” microglia and
[-APP" neurons. These similarities and correlations in
head-injured patients are consistent with the idea that
chronic. above-threshold expression and processing of
B-APP, at the behest of IL-1 and possibly other priming
factors, could favor f-amyloid deposition, a seminal
event in Alzheimer pathogenesis [15]. Based on the swift
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and robust nature of IL-la expression in response to
head injury shown here, together with its potential rela-
tion to S-APP expression and processing, we propose
that IL-1 is a pivotal molecule in initiation of repair
functions and, at chronically elevated levels, in propaga-
tion of ultimately neurodegenerative effects. These con-
siderations immediately suggest novel avenues for treat-
ment to prevent progressive neurodegeneration via inter-
vention at the level of IL-1 expression or action [21,24].
Similar strategies have been proposed for systemic con-
ditions involving overexpression of IL-1 [5].
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