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Tissue Factor Antigen in Senile Plaques of

Alzheimer’s Disease

Rodney D. McComb, Keith A. Miller, and
Steven D. Carson

From the Department of Pathology and Microbiology,
University of Nebraska Medical Center, Omaba, Nebraska

Tissue factor (tissue thromboplastin) is the primary
initiator of the extrinsic coagulation pathway, trig-
gering a proteolytic cascade when exposed to circu-
lating coagulation factors. In this study, the distri-
bution of tissue factor was examined immunobisto-
chemically in Alzbeimer’s disease (AD) and control
brains. Tissue factor was expressed diffusely in the
neocortex, but in AD there was enbanced immuno-
reactivity in senile plaques. Although tissue factor
might potentially contribute to the formation of se-
nile plaques, it could also accumulate in the plaques
as a secondary response to other biochemical pertur-
bations. (Am J Pathol 1991, 139:491—494)

Alzheimer's disease (AD) is characterized by the accu-
mulation of amyloid B protein (ABP) in senile plaques and
blood vessels. ABP is derived from an amyloid B protein
precursor (APP), which exists as an integral membrane
protein in the normal brain and other tissues. Recent data
indicate that production of an intact ABP involves altered
proteolytic processing of APP.'2

Several proteases and protease inhibitors have been
identified that may be involved in senile plaque patho-
genesis. The serine protease inhibitor a,-antichymo-
trypsin (a,-ACT),2“ multiple complement proteins,>” in-
cluding several with serine protease activity, and amyloid
P component,®° an elastase inhibitor,’® have all been
detected within senile plagues. APP, which contains a
Kunitz-type serine protease inhibitor domain, is also
present in a subset of plaques.’''® The secreted form of
APP is identical to protease nexin-I1.'5'7

Much like the complement system, coagulation pro-
teins comprise a catalytic cascade system that involves
the controlled generation of several serine proteases. Tis-

sue factor (coagulation factor lll, tissue thromboplastin) is
the primary initiator of the extrinsic coagulation pathway.
In contrast to other coagulation factors, it is an integral
membrane glycoprotein that does not circulate as a
plasma protein.® It functions as a cofactor for coagula-
tion factor Vli(a), resulting in the formation of a bimolec-
ular complex with serine protease activity, which can ini-
tiate the extrinsic pathway by activating factors IX and X.

Tissue factor (TF) is especially abundant in the brain.
Using TF purified from human brain, both monoclonal
and polyclonal antibodies have been developed and
used in immunohistochemical studies to examine the dis-
tribution of TF in normal tissues.'®-22 In this study, TF was
immunolocalized in brain tissue from patients with AD.
There was diffuse expression of TF throughout the gray
matter with focal accentuation of immunoreactivity in se-
nile plaques.

Materials and Methods

Brain tissue was obtained postmortem from eight pa-
tients with Alzheimer's disease, ages 66 to 87 years, and
four nondemented subjects, ages 35, 37, 61, and 80
years. Postmortem intervals ranged from 6 to 15 hours.
The brains were fixed by perfusion with 10% neutral buff-
ered formalin followed by immersion in the same fixative.
Diagnoses were confirmed with the modified Biel-
schowsky and thioflavin S stains on paraffin-embedded
tissue. >

Samples of neocortex (middle-frontal gyrus, superior-
temporal gyrus, or both) for immunohistochemistry were
taken before fixation of the brain and either frozen in
isopentane cooled by liquid nitrogen or immersed in cold
acetone and processed according to the AMeX proce-
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dure.2* Immunohistochemical assay for TF was carried
out using monoclonal antibody HTF1-7B8 (8 pg/mL) and
the avidin-biotin—peroxidase complex procedure.?® The
specificity of this antibody, which was raised against TF
purified from human brain, has been shown previ-
ously.’®2° |n control sections, the primary antibody was
replaced with an antibody of the same IgG subclass (y;,
k). Some slides were counterstained with thioflavin S after
the immunohistochemical reaction.

In a separate series of controls, portions of fresh kid-
ney and placenta were processed by rapid freezing or
the AMeX method and the patterns of TF localization us-
ing these two methods were compared.

Results

The frozen and AMeX immunohistochemical methods
yielded corresponding patterns of TF localization in
brain, kidney, and placenta. However, the AMeX method
provided better preservation of structural detail and bet-
ter visualization of senile plaques.

In normal brain, TF was expressed diffusely through-
out the cortex. Nonreactive neuronal perikarya stood out
sharply against the strongly stained neuropil, which
showed a delicate, uniform network of reactivity (Figure
1). The white matter had a fine, lacey pattern with accen-
tuation in the glial tissue surrounding blood vessels. The
adventitia of larger blood vessels was strongly stained.

In Alzheimer’s disease, there was diffuse neuropil re-
activity similar to that seen in the control brains. In addi-
tion, senile plaques showed enhanced immunoreactivity
for tissue factor and stood out against the background as
darkly stained structures (Figure 1). They exhibited a lin-
ear and granular meshwork with a texture similar to the
surrounding neuropil. Dilated, dystrophic neuritic pro-
cesses were not distinctly visualized. In classical
plaques, the amyloid core was nonreactive, although the
surrounding corona stained strongly (Figure 2). Some
plagues exhibited intense immunoreactivity at the edge
of the amyloid core, but not within the core. Thioflavin S
stained the amyloid core of classical plaques, but fluo-
rescence of immunostained structures, such as the
plague corona, was blocked by the prior immunohisto-
chemical reaction (Figure 2). When compared with con-
trols, the Alzheimer's cases also showed greater expres-
sion of TF in the pial-glial network at the surface of the
brain.

Discussion

Tissue factor is expressed uniformly in normal brain pa-
renchyma, more intensely in cortex than white matter.

Figure 1. A: There is no immunostaining of brain using IgG im-
munoglobulin as a negative control. B: Diffuse cortical reactivity
for tissue factor antigen is shown in normal brain using MAb
HTF1-7B8. C: In the AD brain, there is enbanced immunoreactivity
for tissue factor antigen in senile plaques. Immunoperoxidase,
all xX85.

This has been described by others.2"?? The pattern of
localization suggests that TF is expressed by both neu-
rons and astrocytes. Similar localization is seen in Alz-
heimer's disease, but in addition, there is enhanced im-
munoreactivity for TF in senile plaques.

At present, TF has one recognized function: it forms a
tight complex with coagulation factor Vll(a) and thereby
functions as a cofactor in the enzymatic activation of co-
agulation factors IX and X. TF is an integral membrane
protein that is normally sequestered from circulating fac-
tor VIl and other coagulation factors.2°2" The specific
activity of TF is highest in brain, lung, and placenta, and
much lower in liver, kidney, and spleen.?® Tissue injury



Figure 2. Tissue-factor antigen is detected in the corona of a clas-
sical senile plaque, but the amyloid core is nonreactive. Counter-
staining with thioflavin S shous the amyloid core in this same
plaque (inset), but the immunostained corona does not fluoresce.
Both, X340.

presumably exposes TF to circulating factor VII, resulting
in complex formation and initiation of the clotting cascade
via the extrinsic pathway. Alterations in the blood brain
barrier allowing access of plasma proteins to the brain
parenchyma could result in local coagulation factor acti-
vation.

Any of the cellular elements of senile plaques, such as
neurites, astrocytes, and microglial cells, might be in-
volved in the local accumulation of TF. Microglia are of
interest since they share many characteristics with mono-
nuclear phagocytes in other tissues, including the pro-
duction and response to numerous cytokines and the
production and release of various proteases.?”-2® Tissue
factor can be induced in peripheral blood monocytes by
interleukin-1 (IL-1),2%%° the C5a fragment of comple-
ment,3! and activated T-lymphocytes.? Similar induction
of TF in microglia could provide a local source of TF in
senile plagques. Although brain IL-1 is increased in Alz-
heimer's disease,® it has yet to be determined whether
microglia are capable of TF expression.

This study raises the question whether TF contributes
to the pathogenesis of the senile plaque, or whether its
excess in the senile plaque represents a secondary re-
sponse to local biochemical alterations. TF shares some
features with APP in that both are integral membrane gly-
coproteins with large extracellular portions, and both
show diminished expression after phorbol ester-induced
activation of protein kinase C.343% Alterations in protein
kinase C activity®**” and protein phosphorylation in
Alzheimer's disease provide mechanisms that could in-
fluence TF metabolism. Future studies are needed to de-
termine the activities of other coagulation proteins in the
brain, mechanisms of TF processing and degradation,
and the possibility of other functions for the TF protein.
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