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WFZERCR-OMEBE (Z30) : This research aimed to establish the following three methods; (1)
new forensic diagnostic markers for diffuse traumatic axonal injury (TAI), (2)
differential diagnosis between traumatic axonal injury and hypoxic one, (3) estimation
for time interval after injury. For this purpose, we immunohistochemically examined
intracerebral expressions of transported proteins through axons such as B-amyloid
precursor protein (APP), Neuron—specific enolase (NSE), and expressions of proinflammatory
cytokines such as Interleukin—8 (IL-8), Tumor necrosis factor—o (INF-a) . Sections of
the corpus callosum from cases of head injury were immunostained for those markers. On
both APP and NSE immunostained sections, two patterns of immunoreactivity were identified
in several cases of head injury. The first pattern showed that labeled axons were oriented
along with white matter bundles; the second demonstrated that the axons were scattered
irregularly. Our results suggested that the first and second pattern may represent
traumatic axonal injury, and secondary hypoxic axonal injury, respectively. Moreover,
NSE was more sensitive procedure for detecting TAI than APP, because NSE immunostaining
could detect axonal injuries in cases of head injury that survived more than 2 hours (APP;
more than 9 hours). Furthermore, IL-8 and TNF-o immunostaining could detect axonal
injuries in cases of head injury that survived more than 3 days and 4 days, respectively.
Our results suggested that immunostaining of proinflammatory cytokines such as IL-8 and
TNF-o in the corpus callosum could be a new useful marker for estimating time interval
after traumatic axonal injury.
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D Abstract

Immunostaining for B-amyloid precursor
protein (APP) is widely recognized as an
effective tool for detecting diffuse
traumatic injury (TAI). APP
selectively labels injured axons, such as

axonal



axonal bulbs and varicose axons. However,
it has been reported that axonal bulbs are
detected in cases of cerebral hypoxia
without head injury. Therefore, we
examined whether there are differences in
the morphological pattern of axonal bulbs
between trauma and hypoxia. Sections of
the corpus callosum from 25 cases of head
injury and 23 control cases were
immunostained for APP. APP staining
detected axonal bulbs in 14 cases of head
injury, who survived more than several
hours, although it failed to label axons
in control cases. In addition, two
patterns of immunoreactivity were

identified in several cases of head injury.

The first pattern showed that labeled
axons were oriented along with white
matter bundles; the second demonstrated
that the axons were scattered irregularly.
The first pattern alone was found in 5 of
14 cases, while cases of the second pattern
alone were not observed. Both patterns
were detected in 5 cases and in the
remaining 4 cases, clear patterns were not
found. From these findings, we speculated
that the first pattern may represent TAI.
Further examinations are required for
determining whether these two patterns are
identical with patterns of trauma and
hypoxic brain damage as indicated by
Oehmichen et al. (2003) and Graham et a/
(2004).

® Introduction

APP is a transmembrane glycoprotein
synthesized within neuronal cytoplasm. It
is carried along axons to the synapse by
fast anterograde transport, and 1is
normally undetectable. However, APP may
accumulate in axonal bulbs, and reach
detectable levels when axonal transport is
disturbed. These APP-positive bulbs are
now used as a marker of diffuse traumatic
axonal injury (TAI). A survival period of
15-18 hours following head injury is
necessary before the axonal bulbs can be
detected using conventional hematoxylin
and eosin (H-E) or silver staining
However, immunostaining for APP can detect
axonal bulbs as early as 2-3 hours after
head injury.

Although diffuse axonal injury was
regarded as the only consequence of head
injury until recently, several
investigators have stressed that axonal
bulb formation may occur in the absence of
a head injury, usually in the presence of

both intracranial and systemic pathology.
Hypoxia, ischemic brain damage,
post—traumatic edema, and cerebral and
cerebellar herniation are often secondary
complication of head injury, and all may
have a role in the formation of axonal
bulbs. Accordingly, it is necessary to
distinguish traumatic axonal injuries
from other axonal injuries since APP
immunoreactivity is observed in both
cases.

In order to determine whether there are
differences in the morphological pattern
of axonal bulbs between trauma and hypoxia,
we compared APP immunostained sections of
the corpus callosum from head injury cases
and control cases showing hypoxia/
ischemia without head injury.

® Materials and methods

Twenty—five cases of blunt head injury
and 23 control cases showing hypoxia/
ischemia without head 1injury were
collected from our department. From each
case, paraffin—embedded section of corpus
callosum was immunostained for APP.
Briefly, immunohistochemistry for APP was
carried out on 4.5 um serial sections of
corpus callosum. After deparaffinization,
the sections were immersed in 0.3%
H,0,~phosphate-buffered saline (PBS; pH
7.2) for 30 minutes to block endogenous
peroxidase activity. All sections were
then rinsed in PBS and incubated with mouse
anti—APP monoclonal antibody (clone 22C11,
Boehringer, Mannheim, Germany) diluted in
PBS containing 1% normal goat serum and 5%
bovine serum albumin at 4° C, overnight
Thereafter, sections were incubated with
Envision® (Dako, Kyoto, Japan) for mouse
immunoglobulin at room temperature for 30
minutes, and positive signhals were
visualized with 3, 3’ -diaminobentizine
The sections were then dehydrated and
mounted without counter—-staining

Semiquantitation of axonal bulbs was
performed under X200 magnification using
a Nikon Optiphot microscope (field area
calculated as 0. 64 mm®). Axonal bulbs were
counted as an average of 10 fields in each
case.
@ Results

In all control cases without head injury,
APP  immunoactivity was not detected
regardless of the post mortem periods (9-
48 hours). On the other hand, in 14 out of
25 cases of head injury with more than 9



hours survival period, at least 1 axonal
bulb per X200 microscopic field was
labeled by APP. Injured axons, such as
varicose axons and waving axons, were also
detected by APP in head injury cases and
usually associated with axonal bulbs
Furthermore, two patterns of positive
staining for APP could be identified in
several cases of head injury. The first
pattern revealed that labeled injured
axons were regularly oriented along the
white matter bundles (Fig. 1). The second
pattern demonstrated that the injured
axons were scattered irregularly in the
white matter. The first pattern alone was
found in 5 out of 14 APP—positive cases
while cases of the second pattern alone
were not observed. Both patterns were
detected in 5 cases, in which more than 5
APP-labeled axonal bulbs per X200
microscopic field were observed. In the
remaining 4 out of 14 cases, clear patterns
were not observed.

Fig. 1 Immunostaining for APP in a head
injury case. APP-positive axons are
oriented along with white matter bundles
(left; Pattern 1). APP-positive axons are
scattered irregularly in white matter
(right; Pattern 2). Magnification, X50.

® Discussion

There are several studies that have
examined the different pattern of APP
immunoreactivity between trauma and
hypoxia. Graham et al. suggested that an
irregular or often ‘Z’ shaped pattern
indicates the boundary of an infarct and
therefore, result from the vascular
complications. Oehmichen et al. suggested
that a wave-like pattern should be
produced by the mechanical impact, and the
irregularly aggregated type should result
from hypoxic insult. In our cases, the

‘7’ shaped pattern was seldom observed
The results were thought to be appropriate
because H-E stained sections showed no
histological findings of infarction in any
case. In the wave-like pattern, the
injured axons were scattered, but confined
to individual white matter bundles, so

that the first pattern found in our study
may correspond to the wave—like pattern.
In addition, the irregularly aggregated
type was thought to resemble the second
pattern observed in our results. However,
it was difficult to distinguish the two
patterns in 4 out of 25 cases. Therefore,
further studies are needed to determine
whether those patterns indicate traumatic
and hypoxic axonal injury.

No APP-positive staining was observed in
any of  the control cases  with
hypoxia/ischemia in the absence of head
injury examined in this study. Kaur et al.
demonstrated that 12 out of 25 (43%) cases
of hypoxia without head injury showed
positive staining for APP in the corpus
callosum, although the specific APP
immunoreactive pattern was not mentioned
in their study. In their cases showing
positive staining for APP, the survival
time ranged from a few hours to 68 days
In 7 of 23 control cases in the present
study, the survival time ranged from 1 hour
to 9 days. Although no APP-positive
staining was observed in these control
cases in which the survival time was longer,
further investigation of the cases of
hypoxia alone with longer survival time
should elucidate the APP immunoreactive
pattern of hypoxic axonal injury.

In this study, we describe different two
patterns of APP immunoreactivity in head
injury cases with several different
survival times. The first pattern alone
was detected in b APP-positive head injury
cases, while cases of second pattern alone
were not found. These results suggest that
the first pattern may represent traumatic
axonal injury. However, further
investigations are required for
determining whether these two patterns are
identical with patterns of trauma and

hypoxic/ischemic brain damage
(Legal Medicine 11:171-173, 2009)
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