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TR OBEEE (3530) : We investigated neutrophil infiltration into several organs in cases
of child and elder physical abuse using immunohistochemistry for myeloperoxidase, a
marker for primed neutrophil, P-selectin, an adhesion molecule, and interleukin-8, a
chemotactic factor, and indicated that these analyses may represent supportive diagnostic
methods for the physical abuse of the child and elderly. We also indicated that infiltrating
primed neutrophils released elastase, a cytotoxic mediator, and suggested that patients
with physical abuse may be in a primed stage of multiple organ failure.
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multiple organs due to physical abuse to
the elderly: An immunohistochemical
study.)
1. Abstract: The infiltration of ‘primed’
polymorphonuclear neutrophils into
multiple organs has been reported in cases
of traumatic or hemorrhagic shock. Since
multiple injuries are usually observed in

cases of physical abuse of the elderly, we
investigated neutrophil infiltration into
the heart, lung, liver and kidney in cases of
abused elderly individuals using immuno-
histochemistry for myeloperoxidase (MPO).
In addition, we examined the expression of
molecules associated with neutrophil
infiltration, including P-selectin as the
adhesion molecule and IL.-8 as the chemo-
tactic factor. The number of neutrophils in
the physically abused elder cases was
increased significantly, particularly in the
lung and liver, compared with that of
control cases of sharp instrument injury,
single fatal blunt injury and polytrauma.
In addition, P-selection expression in the
endothelium and the presence of IL-8-
positive cells (mainly macrophages) in the
lung and liver of abuse cases were
significantly greater than those in control
cases. In contrast, the number of MPO-,
P-selectin- and IL-8-positive cells in cases
of multiple organ failure (MOF) due to
various causes was significantly greater
than that in abuse cases. It is known that
primed neutrophils accumulation may
undergo MOF by ‘activation’ due to second-
ary insults. Thus, our results suggest that
MPO immunostaining can distinguish
cases of elderly physical abuse from
non-abuse and MOF cases. In addition, our
results indicate that MPO is a potential
diagnosticmarker for elder physical abuse,
and that P-selectin and IL-8may be useful
for a more accurate diagnosis. Finally, our
results also suggest that elder cases of
physical abuse may be in a primed stage of
MOF, and are at risk of falling into MOF by
various secondary insults including those
following abuse.

2. Introduction: The abuse and neglect of
the elderly have been recognized as wide-
spread and growing problems. Previously,
we encountered an autopsy case of a
physically and financially abused elderly
person, and found it difficult to diagnose
the case of elder abuse. In addition, we
investigated the weight and histopatho-
logical findings of the thymus and adrenal
glands in abused elders in an attempt to
identify a diagnostic marker for elder
abuse. The aim of the present study was to
develop more reliable markers for elder
abuse. Evidence suggests that ‘primed’
polymorphonuclear neutrophils, which
migrate from the bone marrow and deposit
in end organs, may contribute to organ



injury in cases of extensive trauma and
following traumatic or hemorrhagic shock
by releasing inflammatory mediators such
as proinflammatory cytokines, neutrophil
elastase, and nitric oxide. In general,
neutrophil infiltration is a basic biological
response, and involves a multistep cascade
that includes rolling, adhesion, trans-
migration, and chemotaxis. The initial
rolling interaction between neutrophils
and the endothelium is mediated by the
selectin family, including P-, E-, and
L-selectin. Of these 3 selectins, P-selectin
mediates the rolling from the earliest
phase after stimulation of the endothelial
cells. The process of transendothelial
migration and chemotaxis are essential for
neutrophil infiltration into the tissues.
Neutrophils migrate mostly to the extra-
vascular space in response to a chemotactic
gradient. TNF-o and CXC chemokines
such as interleukin (IL)-8, have a strong
chemotactic effect on neutrophils. Evidence
also suggests that the primed neutrophil
infiltration into organs may lead to
multiple organ failure (MOF) due to
various secondary insults. In physical
abuse cases, multiple injuries of different
ages are usually observed over the whole
body. Therefore, we assumed that neutro-
phils may infiltrate into multiple organs
during the abused state, as in the cases of
traumatic or hemorrhagic shock. In this
study, we investigated neutrophil infilt-
ration into several organs in cases of elder
physical abuse using immunohistochemi-
stry for myeloperoxidase (MPO), a marker
for primed neutrophils. In addition, we
examined the expression of molecules
associated with neutrophil infiltration,
including P-selectin and IL-8, to confirm
that the cascade of neutrophil infiltration
was activated. We discuss whether these
immunohistochemical analyses may repre-
sent supportive diagnostic methods for the
physical abuse of the elderly.

3. Materials and methods:

3-1. Autopsy samples: Eleven autopsy
cases of elder physical abuse (65 years and
over of age; average age 77.5 y.0.) were
collected. The abuse cases were defined
based on the autopsy findings and police
reports. The degrees of physical abuse were
determined by estimating the whole area of
injured skin area on the entire body
surface based on the Lund-Browder chart,
and by calculating the Injury Severity

Score (ISS). In addition, the severity of the
final fatal injury was also estimated by ISS.
Eighteen age-matched elder control cases
(average age 76.0 y.0.) without any history
of abuse were also collected. The control
cases were divided into the following three
groups according to the cause of death:
sharp instrument injury (I-S, n=6), single
fatal blunt injury (I-B, n=6) and poly-
trauma (Poly, n=6). Cases in which a
primary focus of infectious disease was
detected and/ or serum C-reactive protein
levels were elevated pathologically were
excluded. Further, although age was not
matched with abuse cases, middle to elder
cases (average age 64.0 y.0.) of fatalities
due to MOF (n=6) were added. From each
case, heart, lung, liver, and kidney samples
were taken and were fixed in formalin,
embedded in paraffin, and sectioned.

3-2. Immunohistochemical analyses: Imm-
unohistochemistry for MPO, P-selectin,
and IL-8 was performed on the obtained
sections of the heart, lung, liver, and
kidney using rabbit anti-MPO pAbs, mouse
anti-P-selectin mAb, or mouse anti-IL-8
mAb. MPO or IL-8-positive cells were
counted on 10 randomly chosen visual
fields, and the average positive cells were
calculated. As for P-selectin, the intensity
of the immunohistological staining react-
ion was graded as absent (0), weak (1),
moderate (2) or strong (3) and the
percentage of blood vessels involved per
visual field was graded as absent (0), <10%
(1), 10-50% (2) or >50% (3). The total score
was achieved by adding both variables, and
the average score was calculated. The
relationships of the duration of abuse and
the ISS of the whole injury or final fatal
injury to the immunoreactivity of MPO,
P-selectin, or IL-8 were investigated.

3-3.  Double-color immunofluorescence
analysis: In order to determine the types of
IL-8-expressing cells in the lungs of abuse
cases, double-color i1mmunofluorescence
analysis was performed using anti-IL-8
mAb anti-MPO pAbs, anti-human macro-
phage Ab, and fluorochrome-conjugated
secondary Abs.

3-4. Statistical analyses: Statistical
analyses were performed using one-factor
analysis of variance to determine whether
differences existed among the group means,
followed by Scheffe test to identify
significantly different means. Regression
equation analysis was used to study the



relationships between pairs of parameters.
A value of p < 0.05 was considered to
indicate a significant difference.

4. Results

4-1. Immunohistochemical analysis of
MPO: There was no obvious difference in
the number of MPO-positive neutrophils in
each organ between the three control
groups. By contrast, in abuse cases, a large
number of neutrophils were detected in the
lung, liver and kidney. Semiquantitatively,
the number of neutrophils in the abuse
cases was increased significantly in the
lung and liver, compared with that of the
three control groups (Fig. 1).
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Fig. 1. Semiquantitation of MPO immuno-

reactivity. **p < 0.01; *p < 0.05 vs. abuse.
4-2. Immunohistochemical analysis of
P-selectin: In the abuse cases, P-selectin
showed a significant increase in the
intensity of the immunoreactivity and a
significantly higher number of immuno-
reactive blood vessels in the lung and liver,
compared with the control groups.
4-3. Immunohistochemical analysis of IL-8:
In the abuse cases, the number of IL-8-
positive cells was increased significantly in
the lung and liver, compared with that of
the control groups.
4-4, Double-color immunofluorescence ana-
lysis of IL-8-expressing cells: IL-8 was
detected in a small proportion of MPO-
positive neutrophils (Fig. 2a) in the lungs
of abuse cases. However, IL-8 immuno-
reactivity was detected mainly in macro-
phages (Fig. 2b).
4-5. The relationship of inflammatory cell
infiltration with the duration of abuse and
the severity of physical abuse: There was
no significant correlation between the
duration of abuse and the number of
infiltrating neutrophils in the lung and
liver. The number of neutrophils in the
lung and liver of abuse cases was not
correlated with the injured skin area. By

contrast, these values were correlated
positively with the ISS of the whole injury
(lung, r=0.715, p=0.0112; liver, r=0.766,
p=0.0043). There was a similar correlation
between the ISS of the whole injury and
P-selectin expression in the lung (+=0.602,
p=0.0488), and IL-8 immunoreactivity in
the lung (r=0.690, p=0.0165) and liver
(r=0.665, p=0.0233). However, neutrophil
infiltration was not correlated with the ISS
of fatal injury due to a final insult. In
addition, the ISS of fatal injury was
correlated negatively with survival time
after the final insult (r=-0.633, p=0.0485).

macrophage

Fig. 2. The lung samples of abuse cases were

double-color immunostained. Signals in 1

and 1i were digitally merged in iii.
4-6. Comparison of inflammatory reactions
between cases of abuse and cases of
fatalities due to MOF: The number of neu-
trophils in MOF cases in all organs was
significantly greater than that of abuse
cases. P-selectin expression and IL-8-
positive cells were also significantly great-
er in all organs of these MOF cases than in
the abuse cases.
5. Discussion: The results of the present
study indicate that a massive MPO-
positive neutrophil infiltration occurred in
the lung and liver of elder physical abuse
cases, and that the number of neutrophils
in the abuse cases was increased signifi-
cantly compared with that in the three
control groups. In accordance with the
massive neutrophil infiltration into the
lung and liver, the endothelial expression
of P-selection and the number of IL-8-



positive cells also increased significantly in
those organs of abuse cases compared with
that of the control groups.

These findings suggest that elder
physical abuse induces massive primed
neutrophil infiltration into the vital organs,
as in cases of traumatic or hemorrhagic
shock, and that this infiltration occurs
particularly in the lung and liver with
activation of a multistep cascade mediated
by P-selectin and IL-8. Neutrophils
predominate for the first 6-24 h in most
forms of acute inflammation. Therefore, it
is probable that the primed neutrophil
infiltration into the organs was not induced
by final fatal injury, since the survival time
of many of the control cases was less than 6
h and since the infiltration was also
observed in abuse cases with a short period
of survival time after the final insult.
Moreover, the ISS of final fatal injury was
negatively correlated with survival time
after the final insult, and was not
correlated with degree of the infiltration.
In contrast to final fatal injury, the severity
of physical abuse estimated by ISS of the
whole injury was positively correlated with
neutrophil infiltration. Accordingly, these
observations suggest that primed neutro-
phil infiltration may correspond to the
degree of accumulation of less fatal injuries
caused by repetitive physical abuse. In
addition, the infiltration was not correlated
with the duration of abuse. It is possible
that the number of neutrophils fails to
increase with a low frequency of abuse
because of the short cellular survival time
(less than 24-48 h) of neutrophils, even if
the duration of abuse was long.

Our results indicate the occurrence of a
massive neutrophil infiltration in the liver
as well as in the lung, although the lung
and kidney are known to be sensitive to
various types of shock. Abundant resident
macrophages such as alveolar macro-
phages and Kupffer cells are present in the
lung and liver, respectively. Recent studies
have demonstrated that alveolar macro-
phages and Kupffer cells are the primary
abundant source of proinflammatory
cytokines including IL-8 when activated by
antigens or inflammatory stimuli. Our
results also show that the number of IL-8-
postive cells increased significantly in the
lung and liver of abuse cases, and that IL-8
was produced mainly by macrophages in
the lung (Fig. 2).

Recently, it is becoming increasingly
clear that infiltrating primed neutrophils
not only release cytotoxic mediators such
as elastase and superoxide, but also
modulate the immune system by the
release of both proinflammatory and
counterinflammatory cytokines. Thus, infi-
Itrating neutrophils are involved in the
development of post-traumatic MOF, which
remains the leading cause of late post-
traumatic mortality. Numerous neutro-
phils were detected in multiple organs of
MOF caused by various pathophysiologies
including severe trauma in our study. The
number of neutrophils in MOF cases was
significantly greater than that of abuse
cases. Primed neutrophil accumulation
into several organs does not cause MOF
immediately after the insult, but is prone
to undergo MOF by secondary insults such

as trauma, infection, hypotension,
circulation failure, and disseminated
intravascular coagulation (DIC). This

mechanism is termed the “two-hit” model
of MOF. According to the model, priming
and activation of the inflammatory
response by the above insults are
considered to play a pivotal role in the
pathogenesis of MOF. Thus, the abused
elderly may be in a “primed stage of MOF”
and possibly fall into MOF by ‘activation’
due to secondary insults including
following physical abuse, even if fatal
trauma did not occur. Consequently, our
results suggest that primed neutrophil
infiltration induced by extensive trauma of
different ages due to elder physical abuse
may cause MOF and late post-traumatic
mortality. Further investigations are
needed to determine whether MOF occurs
in elder abuse.

Elderly people usually have more or less
chronic diseases on the background, in
which inflammatory cell infiltration into
organs may be observed. Although
mononuclear cells, but not polymorpho-
nuclear neutrophils, predominate in the
chronic inflammation, neutrophil infilt-
ration due to chronic infection must be
excluded when neutrophil infiltration is
evaluated for the diagnosis of elder
physical abuse.

In conclusion, massive primed neutro-
phil infiltration particularly into the lung
and liver was observed in elder abuse cases.
The demonstration of neutrophil infilt-
ration in the lung and liver by immuno-



histochemistry for MPO may be a new
diagnostic marker for elder physical abuse
when chronic infectious diseases are
excluded. The additional demonstration of
P-selectin and IL-8 may further support a
diagnosis of abuse. Furthermore, elder
patients with physical abuse may be in a
“primed stage of MOF” and may fall into
MOF by various secondary insults. Our
results emphasize the importance of
prevention against elder abuse.
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