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ABSTRACT

Post Mortem Interval (PMI) estimation is one of the most important questions the forensic pathologist must answer. To date, it is not possible
to establish exactly the hour of death, but only to calculate a period (PMI), during which death most likely occurred. In the forensic field,
several laboratory methods can be used to perform this calculation more accurately. However, there is still no biomarker that is universally
validated and accepted by the forensic community. In the literature, researches about the application of proteomics for forensic purposes are
on the increase. Proteomics is a branch of molecular biology that allows the systematic identification of the proteome from a quantitative and
qualitative point of view. Below, we propose the operating model of an experimental study currently underway at the Department of Legal
Medicine of the University of Catanzaro. The model is based on taking of peripheral blood samples from patients who died at the Intensive
Care Unit (AO “Mater Domini” of Catanzaro). The proposed operating model has several advantages including the evaluation, for the first
time, of human biological samples from the exact moment of death. The analysis would allow to identify new potential biomarkers expressed
in peripheral blood and validate the forensic application of markers already known in the literature. The knowledge of the exact moment of
death (time 0) would allow us to evaluate the proteomic profile more accurately on the human model, overstepping the limits of some extrinsic
variables evidenced in the literature.
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there is no biomarker that has been universally validated by
the forensic community for the diagnosis of the time of
death. Various scientific studies have been carried out for this

1. Introduction

Time of death is one of the greatest forensic enigmas. The
evaluation of the time of death is performed by the forensic
pathologist through the Post Mortem Interval (PMI)
estimation, i.e. a time range in which death likely happened.
This estimate is based on the calculation of a time interval
that is formulated by studying the abiotic and transformative
processes occurred on the corpse [1-2]. For the calculation of
the PMI, supportive tests such as laboratory analysis on
biological fluids, like the measurement of K + concentration
in the vitreous humor, can also be used. To date, however,

purpose. Among them, many methods were analyzed in the
literature, focusing on the post-mortem modifications of
DNA, microRNA and protein modifications. Specifically, the
number of studies proposed on protein analysis for PMI
estimation is steadily increasing and have shown promising
results.

Proteomics is the discipline that takes care of studying
proteins from a systematic point of view. It can provide
information about the structure, function, protein-protein
interactions and quantitative variations with different
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methods. Among them there are: ELISA assay, Western
Blotting, 2D PAGE (Two Dimensional Polyacrylamide gel
Electrophoresis) method used in combination with mass
spectrometry and LC-MS/MS (Liquid chromatography-
tandem mass spectrometry) strategies .

As part of the study of PMI, multiple proteins expressed in
various animal and human tissues, such as skeletal muscle,
heart and brain, have been analyzed. The scientific evidences
published so far in the literature revealed the potential of
some proteins as possible biomarkers related to the time
elapsed since death [3-5].

The great limitations associated with proteomic
investigations so far have to do with the exposure of the
corpse to the outside temperature, as it is an extrinsic
variable that can alter the kinetics of protein degradation
but, above all, the lack of proteomic analysis on humans
from the exact time of the death. Indeed, this evaluation has
so far been carried out only on tissues and organs of animals
and never on humans. This is due to the obvious difficulty of
knowing the exact time of death on human (time 0), the
inability to obtain in humans an estimation of proteins
expressed from the exact time of death and the difficulty of
analyzing the corpse for a long-time interval. The exact
knowledge of the time of death would allow us to accurately
estimate the variation of one or more proteins without the
interference of some variables, such as the time elapsed
before the corpse's finding and the exposure temperature.

In this paper, we want to propose an operating model, still
being applied and analyzed, using human blood as biological
sample. This protocol is estimated to be easy to reproduce
and it could be used as a reference model for post-mortem
proteomic analysis on humans. This protocol, applied on
humans, would greatly contribute to the studies of the
relationship of one or more proteins with PMI.

2. Material and Methods

The proposed operating model was accepted by the Ethical
Committee of the A.O. Mater Domini of Catanzaro. The
procedure involved taking peripheral venous blood samples
from deceased patients at the U.O. of Anesthesia and
Resuscitation of the University Hospital of Catanzaro. The
samples were taken at the U.O. of Anesthesia, so the
exposure temperature of the corpses was the Room
Temperature (around 25° C). The blood draws were only
performed after the signed informed consent of the patient's
family members. Specifically, venous blood drawings from
cephalic vein were carried out on patients who have cardiac
arrest and then die. From the exact time of death (time 0),
blood samples were collected at predetermined time
intervals, up to 2 hours after death. This time interval was
chosen because corpses can be held by law in the
Department of Anesthesia only up to 2 hours after death.
Furthermore, the primary aim of the work was to evaluate
the so-called "early post mortem interval”. The samples were
immediately centrifuged (2500 rpm for 5 minutes) and the

plasma was extracted and stored in appropriate tubes (2 ml
centrifuge tubes) at -80 °. Samples were subjected to
proteomic analysis by ELISA immunoenzymatic method
ongoing. In our project, the levels of the following proteins
will be measured:

¢ HMGB-1 (High Mobility Group Box 1);
e Cardiac Troponin T..
There are also other candidates:
e Cardiac Troponin I;
o GFAP (Glial fibrillary acidic protein);
e Talin.

24 cases were collected in total. The analyzed cases were
broken down by age, sex, comorbidities, and cause of death.

3. Results

Although the experimental study is still ongoing, we
expect to find consistent results both with the time interval
examined and the data already known in the literature. In
fact, a review of literature on this topic has already shown
that several proteins can undergo quantitative changes in
terms of increase or reduction directly proportional to the
post mortem interval investigated, but also qualitative ones.
According to the available scientific evidences in the
literature, the expected results of the study are related to the
search for quantitative and/or qualitative alterations from
the exact moment of death of some markers, that showed
time dependent variations such as:

1. Ubiquitous cellular proteins, like HMGB1 (High
Mobility Group Box 1): in serum samples, this
protein has already proved to progressively increase
with respect to time [6];

2. Specific organ proteins:

e Muscle proteins due to progressive degradation,
such as ¢Tn I (Cardiac Troponin-I) and ¢TnT
(Cardiac Troponin-T) [7-8];

e Proteins of the brain tissue, such as GFAP (Glial
fibrillary acidic protein) or talin, respectively with
an increase and a reduction [9-10].

This is the first work that aims to measure the levels of
these proteins in human plasma after death. To date, only
HMGB-1 has been evaluated on animal serum [6]. These
proteins are not typical plasma proteins. This data could
have some benefits and some limitations. The benefit is that
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the finding of these proteins in the plasma after death is not
influenced by pre-existing plasma levels of the same
proteins. The limitation is that the proteins could be not
detectable in human plasma.

4, Discussion

In the literature, it has been shown that several proteins
may undergo quantitative variations after death. Some of
them exhibit a linear or pseudolinear kinetics of reduction
due to the progressive degradation of the protein [8]; others
of them show a post-mortem increase [6]. Several proteins
expressed in both ubiquitous and specific tissues, whether
animal or human, have already been evaluated [3-5].

For example, Kikuchi et al. have shown that the HMGB-1
protein progressively increases after death, using the mouse
blood as analytical sample. It is a ubiquitous and abundant
protein in the cell nucleus. ELISA assay showed that this
protein may also increase up to seven days after death, with
temperature-dependent kinetics variations [6]. These results
have not yet been validated on a human model.

In the cardiac tissue, it has been shown that both the
degraded cTnl intact protein and the degraded cTnT
percentage decrease progressively analyzed after death,
proportionally to the elapsed time interval. These analyzes
were carried out, in the first case on an animal and human
model, in the second case on a human model [7-9].

Concerning the brain tissue, interesting results regarding
GFAP and talin proteins have been obtained. GFAP is a
protein that has shown to increase in human samples of
substantia nigra; talin has shown to diminish in the human
brains analyzed after death. Both analysis were performed
using Western Blotting [10-11].

All the results described and obtained on humans point
the limitations related to some variables, such as the
temperature, the cause of the death, but above all the time
elapsed since death before the analysis was performed.

No research has thus far been conducted to analyze the
variation of one or more proteins on the human model from
the exact moment of death. For this purpose, we have
proposed an experimental operating model under analysis
that tries to overcome many of the limitations described.

Indeed, this protocol provided for the taking of peripheral
venous blood drains on the corpse knowing the exact time of
death (time 0), from patients who had a cardiac arrest and
subsequently died. The pros of the analysis of the cardiac
arrest group is that we were certain of the exact moment
when the cardiac activity stopped. The possible cons is that
cardiac arrest could have influence on the levels of some
markers that are related to the cardiac damage, such as
Troponin T. The analyzed cases were divided by age, sex,
comorbidities, and cause of death in order to standardize the
data obtained and to better estimate the influence of
extrinsic variables on proteic variation in time.

The samples were taken at predetermined standard time
intervals and with a constant exposure temperature of the

corpse (Room Temperature). In addition, all the samples
taken were subjected to the same procedure for analysis, i.e.
immediate centrifugation, plasma extraction and subsequent
storage at -80 ° C. In addition, the sample that has been
selected for analysis (blood) is extremely easy to draw and
can also be analyzed with other proteomic methods such as
Western Blotting or Mass Spectrometry.

The next step in the protocol involves the performing of
ELISA immunoassay for all the samples taken and is still
being analyzed. The investigation would reveal the
qualitative and quantitative variations of all selected proteins
between the different post-mortem intervals. This would
allow not only to confirm the data already available literature
but also to discover new candidate proteins to become
potential biomarkers of PML

5. Concluding Remarks

Our study has several advantages:

e Identify new potential biomarkers of time elapsed
since death, expressed in human blood;

e Verify and evaluate in detail the variation of the
proteomic profile of markers already known in the
literature;

e TFocus on the analysis of the so-called "early post-
mortem interval" for forensic purposes;

e Know the kinetics of one or more proteins after death
from time 0.
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