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ABSTRACT

Aim of the work: To assess the applicability of estimated levels of tumor necrosis
factor-o. (TNF-a) and interleukin (IL)-6, and gene expression levels of microRNAS
(MiR)92a and MiR-214a in tissue homogenate (TH) of skin biopsies harvested from
wound for discrimination between antemortem and post-mortem wounds and to suggest
the post-injury interval (PII).

Material and methods: A 2-cm skin incision was made under anesthesia and full
thickness punches were obtained from wound edge immediately (C-group) and at 30-
min, 2-h, 6-h and 24-h after wounding in living animals (L-group) or animals were
decapitated immediately after wounding and biopsies were obtained at the same periods
after decapitation (D-group). Tissues were homogenized to be used for ELISA
estimation of TNF-a and IL-6 levels and gqRT-PCR expression levels of MiR-92a and
MiR-214a.

Results: TNF-a, IL-6 and MiR-92a levels were significantly higher in L-group than
other groups. Estimated TNF-o and IL-6 levels showed biphasic increases at 30-min
and 2h, respectively and at 24h for both, while the peak levels of MiR -214a and MiR
-92a were at 2h and 6h, respectively. MicroRNAs levels showed non-significant
differences between all D-group specimens. Regression analysis defined high 1L-6
levels as the significant variate to identify PII as either 2h or 24h and high levels of
MiR-214a could suggest PII of 2h, while high levels of MiR-92a and TNF-a as the
significant variate to suggest PIl of 30-min and 6h, respectively. Multivariate analysis
defined high IL-6 as the persistently significant predictor for victim's vitality at
wounding, while ROC curve analysis defined high MiR-214a levels as the sensitive
identifier for victim's viability during wounding.

Conclusion: Estimation of expression levels of MiR-92a and MiR-214a in TH might
define the probable PIl and differentiate antemortem from postmortem wounds,
respectively. However, estimated TH levels of TNF-a and IL-6 alone are undependable
for provision of knowledge about vitality and timing of wound, so combined markers
might increase the accuracy of wound-dating.
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Wound dating and vitality by measuring cytokines & MicroRNAS

I-Introduction

The wounding process in the
living subject due to insult to skin
integrity stimulates multiple cellular
and extracellular cascades that are
tightly regulated and occur in a
coordinated fashion (Wilkinson &
Hardman, 2020). Injury of epithelial
cells with resultant loss of intra-cellular
adhesion usually triggers the epithelial
cells' migratory machinery upon their
neighbors (Chen et al., 2022). In-vivo
wound healing requires the reduction of
the generation of pro-inflammatory
cytokines, especially interleukin-6 (IL-
6), and upregulating the anti-
inflammatory cytokines as IL-10 with
the release of angiogenesis-related
cytokines (Wei et al., 2022).

The differentiation between
antemortem (AM) and postmortem
(PM) wounds is still a matter of debit
and controversy especially if the wound
was alleged to be the cause of death
(Tickle et al.,, 2023). Further, the
estimation of post-injury interval (PII),
which is the time passed since wound
inflection has a significant impact in the
medicolegal context (Tsellou et al.,
2022).

Determination of vitality and
wound dating is the primary goal of a
forensic pathologist in trauma deaths
(Khalaf et al., 2019). Multiple
techniques to examine the
morphological, cytological, and
biological changes were applied to
techniques used to assess wound vitality
(Han et al, 2021). However,
estimations of markers involved in vital
and supravital reactions increase the
accuracy of wound age estimation
(Pennisi et al., 2022).

MicroRNAs (MiR) are non-
coding 18-24 nucleotides RNAs that
have regulatory functions for many
biochemical mechanisms in the human
body and their levels in body fluids and
tissues may alter through varied
pathophysiological mechanisms, and
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thus might be employed as biomarkers
for various diseases and conditions
(Rocchi et al., 2020). Further, MiR are
involved in the process of skin wound
repair, so could be used as biomarkers
for the estimation of the time of skin
injury (Cheng et al., 2021). This
animal-model study tried to evaluate the
role of microRNAs and inflammatory
cytokines for differentiation between
AM and PM wounds and assessment of
PII.

I1-Material and methods:

1.1 Setting and Ethical
considerations:

This study is a prospective animal
model comparative study at
departments of Forensic and Clinical
Toxicology, and Medical Biochemistry
and Molecular Biology, Faculty of
Medicine, Benha  University. It
followed the Guidelines for the Care
and Use of Laboratory Animals (Clark
et al.,, 1996) and the protocol was
approved by the Local Ethical
Committee in the Faculty of Medicine,
Benha University by RC: 4.12.2022.

11.2.The study Animals
The study included 54 healthy,

normally growing adult male albino
rats, weighing 200-250 g and aged 8-10
weeks that were purchased from The
Animal Farm and were grown in the
Animal House, Faculty of Veterinary
Medicine, Benha University for two
weeks before the start of the experiment
to be acclimatized to the new farming
conditions. Rats were provided with a
standard diet and free water supply
under standard living conditions at a
temperature of 20°C, humidity rate of
60%, and 12-hs day/night cycle.
111.3.Methods:
A) Surgical wound inflection: All

animals were anesthetized with
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B)

intramuscular injection of a mixture
of xylazine and  ketamine
hydrochloride in a dose of 5 and 50
mg/kg body weight, respectively.
The dorsal skin was shaved and
sterilized using povidone-iodine
and a 2-cm long skin incision was
made using a scalpel as previously
described (Guan et al., 2000).

Specimen harvesting: Two full-
thickness skin punches (0.5 x
0.5cm) were obtained one from
each of the wound edges at the

2. The living group (L-Group;
n=24). The wounds were
dressed without edge
approximation, this group was
subdivided into 4 subgroups
according to time of obtaining
the specimens: at 30-min, 2-h,
6-h, and 24-h after making the
surgical incision under
anesthesia.

3. The dead group (D-Group;
n=24). these animals were
anesthetized and after making

predetermined times after the skin wounds, the animals
wounding. were immediately killed by
C) Grouping: Animals were divided cervical dislocation and then

Decapitation

into three groups as shown in Figure

1:

1. The control group (C-Group;
n=6): the specimens were
obtained immediately after
skin wounding and the wound
edges were approximated and
allowed to heal.

this group was subdivided into
4 subgroups according to time
of obtaining the specimens: at
30-min, 2-h, 6-h, and 24-h after
death to equalize the P1I in both
living and dead animals.

| Studied Animals (n=54) |

| Surgical wound creation (n=>54) |

‘ Group C (n=06) ‘

Time of specimen
harvesting

4

T

‘ No decapitation (n=30) |

/\

Immediate
Decapitation (n=24)

| Group L (n=24) ‘

Group D (n=24)

L 4 L 4

Immediate after
wounding (n=6)

30-min, (n=6), 2-h (n=0) 30-min, (n=6), 2-h (n=6)
6-h (n=6) & 24-h (n=~6) 6-h (n=6) & 24-h (n==6)
After wounding After decapitation

Figure (1): Study Flowchart

D) Specimen Preservation:
Immediately after specimen taking,
it was put in a dry sterile clean tube
and kept frozen at -80°C till being
processed.

E) Tissue Processing for obtaining
tissue homogenate (TH): Tissues
processing was performed as
previously described (Zubaidi et
al., 2010) as follows: after thawing
of each tissue specimen, it was
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F)

G)

rinsed five times using 5 vol. of
phosphate-buffered saline (PBS)
containing 2 mM
phenylmethylsulfonyl fluoride and
2 mM sodium azide at pH 7.2. Then,
it was centrifuged for 5 min at 1000
g, the tissue pellet was
homogenized in PBS to which 1
mM EDTA [5 vol. (wt/vol.)] was
added. Homogenization  was
performed on ice in a Polytron
(Kinematic PT, Dispersing and
Mixing  Technology; Lucerne,
Switzerland) at 5-10 x speed for 4
times with 10-sec intervals. The
obtained homogenate was
centrifuged for 20-min at 2000 g for
removal of the large tissue particles
and re-centrifuged for 90-min at
13,200 g to obtain a clear
supernatant. Supernatants of each
tissue specimen were divided into 2
aliquots in clean dry tubes and
labeled by specimen label and
numbered according to the number
of the animal. Both aliquots were
stored at —80°C. Before each
experiment, the extracts were
thawed and re-centrifuged for 5-min
at 13,200 g to remove debris.

ELISA estimation of TH levels of
IL-6 and Tumor necrosis factor-
alpha (TNF-a): estimation of TH
levels of IL-6 and Tumor necrosis
factor- alpha (TNF-a) by enzyme-
linked immunosorbent assay Kits
(ELISA kits, Abcam Inc., San
Francisco, USA; Cat No. 222503
and 46105) according to the

manufacturer's instructions and
were read using a 96-well
microplate ELISA reader

(Dynatech MR 7000).

Estimation of expression levels of
MiR-92a and MiR-214a in TH:
using the quantitative reverse-
transcriptase  polymerase  chain
reaction (QRT-PCR) as described
previously (Yang et al., 2021)
according to the manufacturer's
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instructions. Extraction of the total
RNA in the homogenate including
microRNA was performed using the
MiRNeasy Mini Kit (QIAGEN,
Germany). The relative quantitation
of MiR-92a and MiR-214a was
conducted using the 2-step Real-
time PCR by Maxima SYBR Green
(QuantiTect SYBR Green PCR Kit:
QIAGEN). The c¢DNA was
synthesized using miScript Il RT
Kit (QIAGEN, Germany). The
mixture of RNA starting amounts,
buffers for reverse transcription
reactions for quantization of
MiRNAs, and the recommended
RNA input were incubated for 60
min at 37°C, for 5 min at 95°C to
inactivate the miScript Reverse
Transcriptase Mix then placed on
ice and later diluted by 40 pl RNase-
free water to the 10 pl reverse
transcription reaction and mixed
gently then briefly centrifuged and
continued with real-time PCR using
QuantiTect SYBR Green PCR Kit
according to manufacturer's
instructions (SYBR). The PCR
reaction mix was prepared in a total
volume of 25ul/tube (12.5 pl of 2x
QuantiTect SYBR Green PCR
Master Mix, 2.5 pl of 10x miScript
Primer Assay, 2.5 ml of 10x
miScript Universal Primer,
Template cDNA up to 250 ng and
RNase-free water). The real-time
cycler was programmed using ABI
7900HT Fast Real-Time PCR
System,  (Applied  Biosystem,
Singapore). The amplification level
for MiR-92a was programmed with
a denaturation step at 95°C for 30
sec, followed by 40 cycles at 95°C
for 10 sec and 60°C for 30 sec, and
for MiR-214a was programmed as
initial activation for 15-min at 95°C,
denaturation at 94°C for 15-sec,
annealing at 55°C, for 30-sec and
extension at 70°C for 30-sec, and
the process is repeated for 40 cycles.
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The  expression levels  of
microRNAs in each sample were
determined after correction with the
GAPDH expression level. Controls
were chosen as the reference
samples, and fold changes in the

levels of microRNAs  were
determined by the 2-*CT (cycle
threshold) method and expressed as
fold change (FC) using Step One
software  (Applied Biosystems,
USA).

The sequences of the used primers for the detection of the expression levels of the studied

microRNA

Items Sequences
MiR-92a-F 5'-CACCTATATTGCACTTGTCC-3'
MiR-92a-R 5'-TGCGTGTCGTGGAGTC-3’
MiR-214a-F 5'-GACAGCAGGCACAGACA-3’
MiR-214a-R 5'-GTGCAGGGTCCGAGG-3’

GAPDH-F 5'-CCACCCATGGCAAATTCCATGGCA-3’

GAPDH-R 5'-TCTAGACGGCAGGTCAGGTCCAC-3’

Statistical analysis

Software used for statistical
analyses was IBM® SPSS® Statistics
(Version 22, 2015; Armonk, USA).
Results were analyzed using One-way
ANOVA test, Tukey post- hoc test and
Regression analysis (Stepwise Method)
of variate was performed to determine
the significant predictors. The receiver
characteristic curve (ROC) was used to
determine the significant predictors as
judged by the significance of the
difference between the variate area
under the curve (AUC) versus the area
under the reference area (AUC=0.5).
The cutoff point for significance was
P<0.05 (Franklin & David, 1995).

I11-Results

Mean values of TH levels of
TNF-a and IL-6 group L specimens
were significantly higher than estimated
levels of control group and of the
corresponding subgroups in group D
specimens. Estimated levels of IL-6 in
specimens obtained at 2-h and 6-h were
non-significantly lower than control
levels while TH levels estimated in
other specimens were significantly
higher than control levels. Estimated
levels of TNF-o showed time-course
decreasing values till 6-h specimens but
in 24-h specimens’ level of TNF-a re-
increased than levels estimated in 6-h
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specimens. On contrary, levels of 1L-6
showed two peaks in TH of specimens
obtained at 2-h and 24-h in group L and
specimens of group D obtained at 30-
min and 24-h (Table 1, Figure 2).
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Table (1): comparison between control and studied groups regarding mean values of ELISA estimated
levels of TNF-a and IL-6 and gRT-PCR estimation of expression levels of Mir-92a and Mir-214a in
tissue homogenate by using one way ANOVA test andTukey post- hoc test.

Mean Living groups (L) Dead groups (D)
P | control - - o o
barameter group Living Living Living | Living | Dead Dead Dead Dead
group group group group | group | group | group group
(30-m) (2h) (6h) (24h) | (30-m) (2h) (6h) (24h)
TNF-o 32445 | 314+36.1 102.5+2 | 121+1 | 225+2 | 86.5+2 | 23.5+6 | 72+11.5
(pg/ml) A 191274 3.8A 4.8~ 9,248 4,878 .87 AB
IL-6 (pg/ml) 114+18.2 | 193426.2 | 113423, | 311+3 | 103+1 | 53+18 | 68.5+1 | 103+15.
69+8.9 A A 4A 247 5.3A8 B 3.88 318
MiR-92a 0.63+0. | 1.65+0.2 3.67+0. | 2.27+0 | 0.8+0. | 0.78+0 | 0.65+0 | 0.62+0.
25 8A 2+0.474 794 447 248 268 3B 278
MiR-214a 0.079+0 | 0.1240.0 | 0.18+0.0 | 0.145+0 | 0.13+0 | 0.09+0 | 0.08+0 | 0.07+0 | 0.067+0
.026 284 684 .076 ! .05 .038 .02 .03
A: indicates significant difference in comparison to control group; B: indicates significance versus
the corresponding living group; SD: Standard deviation ANOVA: Analysis of variance TNF-a.:
Tumor necrosis factor-a, (IL)-6: interleukin- 6, MiR: microRNAs
Living Dead
325
300
275
250
225
200
175
150
125
100
75
50
25
0
30 min 2h 6h 24h 30min 2h &h 24h
TNF (pg/ml) IL-6 (pe/ml)

Figure 2: Time-course changes in the levels of TNF & IL-6 in TH of studied specimens

Estimated tissue expression
levels of MiR -92a in TH of group L
specimens were significantly higher in
comparison to control and to the
corresponding subgroups in group D
specimens. Dead specimens with
significantly higher levels in TH of
specimens obtained at 6-h than other
specimens of animal of group L. On
contrary, expression levels of MIR -
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214a in TH of group L specimens that
were obtained at 30 min and 2-h were
significantly  higher than control
specimens. Specimens obtained at 2-h
were higher than the corresponding
subgroup in group D. However, the
differences between TH levels of MiR -
214a in other group L specimens
showed non-significant differences.
(Table 2).
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Figure 3: Time-course changes in the gene expression levels of Mir-92a & Mir-214a in TH of

studied specimens

The ROC curve analysis defined
high levels of TNF-o and I1L-6 and high
gene expression levels of MiR-92a in
TH of all of the 4-time specimens as
predictors for the post-injury interval,
but unfortunately, their AUCs are equal
(Figureda-d). Also, Regression analysis
using the Stepwise method defined high
IL-6 levels in TH of specimens obtained
at 2h or 24h as the only significant
variate to identify wounds inflected
since either 2h or 24h, but could not
identify which is the most probable.
High levels of gene expression of MiR-
214a could only suggest a time-lag of
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two hours since trauma inflection as
suggested by its significant AUC, while
its AUCs for other times were non-
significant and thus if coupled with a
high TH level of IL-6 may determine
which wound was inflected since 2h or
24h. Regression analysis defined high
TH levels of MiR-92a in specimens
obtained at 30-min as the significant
variate to suggest that the wound was
inflected since 30-min and high levels
of TNF-a in TH may indicate that the
wound might be inflected since 6h
(Table 2).
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Table (2): The Receiver Operating Characteristic Curve and Regression Analysis of TH levels
of TNF-a, IL-6, MiR-92a and MiR-214a as a predictor of Post-injury Interval

Receiver Operating Characteristic Curve Regression
Probable PII Variate Analysis analysis
AUC SE | P-value 95% ClI B P-value
TNF-a 1.000 0 0.004 1.000-1.000 | 0.401 0.085
IL-6 0.944 | 0.067 | 0.010 | 0.814-1.000 | 0.299 | 0.189
30-min MiR-92a | 1.000 0 0.004 | 1.000-1.000 | 0.872 | <0.001
MiR-
214a 0.639 | 0.176 | 0.423 | 0.295-0.983 | 0.192 | 0.246
TNF-a 1.000 0 0.004 1.000-1.000 | 0.347 0.045
IL-6 1.000 0 0.004 | 1.000-1.000 | 0.956 | <0.001
Two hours MiR-92a 1.000 0 0.004 | 1.000-1.000 | 0.319 | 0.020
MiR-
214a 0.986 0.027 | 0.005 0.932-1.000 | 0.078 0.584
TNF-a 1.000 0 0.004 1.000-1.000 | 0.984 | <0.001
_ IL-6 1.000 0 0.004 | 1.000-1.000 | 0.171 | 0.056
Six hours MiR-92a 1.000 0 0.004 1.000-1.000 | 0.160 0.332
MiR-
214a 0.750 0.159 | 0.150 0.439-1.000 | 0.033 0.652
TNF-a 1.000 0 0.004 1.000-1.000 | 0.218 0.437
IL-6 1.000 0 0.004 | 1.000-1.000 | 0.976 | <0.001
Twenty-four hours MiR-92a 1.000 0 0.004 1.000-1.000 | 0.121 0.455
MiR-
214a 0.639 0.171 | 0.423 0.303-0.975 | 0.041 0.594
e e —— B —

0.8 0.8

0.6

]
]
]
)
]
]
|
]
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P |
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c |
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]
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Figure (4a): ROC curve analysis of TH Figure (4b): ROC curve analysis of TH levels
levels of estimated variate in 30-min of estimated variate in 2h specimen as
specimens as predictors for PlI predictors for Pl
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Figure (4c): ROC curve analysis of TH levels
of estimated variate in 6h specimen as

Figure (4d): ROC curve analysis of TH levels
of estimated variate in 24h specimen as

predictors for PII

The Multivariate Regression
analysis using the Stepwise method
defined high IL-6 and TNF-a levels and
high levels of MiR-92a gene expression
levels as significant positive predictors
for the vitality of the victim at the time
of trauma inflection, while levels of
MiR-214a gene expression were
excluded in model-1 of analysis. In
model-2 of analysis, high levels of IL-6
and MiR-92a gene expression were the
positive predictors. In model-3 of

Zagazig J.Forensic Med.& Toxicology

predictors for PII

analysis, high IL-6 levels were the
persistently  significant variate for
indicating viability of the victim during
wound inflection. On contrary, ROC
curve analysis defined high MiR-214a
gene expression levels in the specimen
as the probable sensitive identifier for
viability of the victim during wound
inflection  with significant AUC
(0.215+0.084, p=0.035; 95%CI for
AUC= 0.050-0.381), while the other
variate showed zero AUC (Figure 5).
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Figure (5): ROC curve analysis of TH levels of MiR-214a as a predictor for AM wound

I'V- Discussion

Determination of wound dating
and whether it was inflected
antemortem (AM) or postmortem (PM)
is still a challenge; multiple trials were
performed to provide solutions for this
dilemma. The current study reported
biphasic secretion of IL-6 and TNF-a
with the 1% phase of secretion of TNF-a
occurring earlier than that of I1L-6 and
these findings were detected in
specimens obtained from both AM and
PM wounds. The early detection of IL-
6 and TNF-o after wound inflection
even in PM wounds assured the
previously documented that
keratinocytes contain high amounts of
various cytokines, especially IL-6,
which are stored there as inactive
precursors or in the active form thus
acting as continuous sources for this
cytokine for a longer duration (Haroon
et al, 2000; Holzheimer &
Steinmertz, 2000) and this was also
documented recently (Giantulli et al.,
2021). The reported different time-
course releases of IL-6 and TNF-a
supported the previous studies, which
found TNF-a was the first cytokine to
be released and peaked at 30 min after

Zagazig J.Forensic Med.& Toxicology

surgery, while other pro-inflammatory
cytokines, such as IL-1p and IL-6, were
detected thereafter (Cibelli et al., 2010;
Terrando et al., 2010). The reported
biphasic secretion and the relation
between the phase of secretion and
wound vitality indicated different
pathogenesis for both phases. The 1%
phase of secretion of TNF-o. might be
attributed to the initiation of the
inflammatory phase of cutaneous tissue
response to injury, while that of IL-6
which peaks at 2h after injury might be
attributed to its release from injured
keratinocytes and as a component of the
inflammatory cascade. In line with
these findings, one study detected
elevated  cytokines levels  on
subcutaneous administration of
recombinant TNF-o and attributed this
to its activating action on Toll-like
receptors 4 (TLR4) (Fei et al., 2020).
Regarding the late phase, in
living tissue may be attributed to
starting the response to infection
secondary to keeping the wound
exposed without any line of local or
systemic treatment, similarly, a recent
study detected the increased release of
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inflammatory  cytokines, especially
TNF-oo and decrease in anti-
inflammatory  cytokines due to
bacterial-dependent induction of the
transcription factor Krippel-like factor-
4 in polymorphonuclear neutrophils
which is the first line of humoral
immunity released in infected injured
sites (Bhattacharyya et al., 2021).

The suggested pathways for
secretion of inflammatory cytokines by
injured keratinocytes were variant, one
study found activation of TLR 5 in
keratinocyte led to intra-nuclear
translocation of nuclear factor-xB
(NFxB), which bind to IL-6 promoter
leading to activation of IL-6 production
by the keratinocyte (Ryu et al., 2019).
Another in-vivo study found the
released intracellular adhesion
molecule-1 and heat shock protein
family A member 8 from keratinocyte
on skin wounding, in mouse and
humans, act as costimulatory molecules
for the proliferation of the epidermal
resident Y& T cells with subsequent
interleukins’  production and  up-
regulation of its receptors (Johnson et
al., 2022).

Statistical analyses defined high
tissue homogenate TNF-a levels as a
predictor of recent injury at 30-min,
while IL-6 might identify wound
inflected since either 2h or 24h and both
could predict vitality during the
wounding process especially IL-6. In
line with these data, a previous study
indicated that the expression of
inducible nitric oxide synthase and IL-6
proteins in AM-burnt skin showed a
time-dependent course with
significantly  different  expression
patterns from PM burn (Abo EI-Noor
et al., 2017). Thereafter, another study
detected significantly higher cytokines
levels in vital than PM wounds and
suggests that cytokines might be used as
useful biomarkers of skin wound
vitality and estimation of cytokines'
levels using the immunoassays is more
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sensitive than immunohistochemistry to
identify wounds with short survival
time (Peyron et al., 2021).

Estimated levels of gene
expression of MiR-92a and MiR-214a
in TH were higher in AM and PM
wounds, but the difference was
significant only with MiR-92a. Further,
the expression levels of MiR-92a were
the significant predictor for wound
creation at 30-min, thus it can
differentiate between early and late
inflected wounds, but its role to
determine the vitality was negligible.
However, ROC curve analysis defined
the expression of MiR-214a as the only
significant predictor for AM inflection
of the wound. Similarly, one study
detected overexpression of the MiR-
214a and MiR-92a in the ligature
marked skin samples than the non-
injured skin samples and attributed the
statistical significance in expression
levels of these microRNAs with anti-
inflammatory activity as a body defense
against the induced inflammation by
hanging process (Neri et al., 2019).
Another study showed significantly
higher expression levels of other
microRNAs in skin samples 24-h PM
and was continuously expressed up to
48-h PM but their levels decreased with
time progress, however, this study
could not detect a relationship between
the time passed after death and MIR
expression (Ibrahim et al., 2019).

The obtained results spotlight
the possibility of using the expression
levels of microRNAs as discriminators
for wound vitality and dating. In
support of this assumption, multiple
earlier studies recommended the use of
microRNA as a forensic tool for the
determination of PM interval for the
advantage of their stability at varying
temperatures and in various tissue and
organ specimens (Li et al., 2014; Pan
et al., 2014; Li et al.,, 2016; Tu et al.,
2019), while this stability was lacking
for DNA, RNA and protein samples (Lv
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et al., 2017; Tozzo et al., 2020). Also,
a recent systemic review demonstrated
a difference in the differential MiR
expressions in AM and PM wounds and
recommended  further studies to
evaluate their reliability as
distinguishing markers for wound
vitality (Manetti et al., 2021).

Interestingly, the current study
found high expression level of MiR-
214a could predict injury date at 2h and
thus in combination with high levels of
IL-6 could assure this timing. Thus,
using a combination of markers might
increase the diagnostic yield for wound
dating. In support of this suggestion, a
recent review article concluded that the
use of microRNASs is promising and its
application with other markers may
increase the sensitivity and specificity
to validate systems or models for
determining wound vitality in forensic
practice (Pennisi et al., 2022).

V- Conclusion

Biomarkers could be used as
tools for forensic medicine to resolve
the dilemma of wound dating and
vitality. Estimated TH levels of TNF-a
and IL-6 could provide knowledge
about vitality and timing of wound.
Estimation of expression levels of MiR-
92a and MiR-214a in specimens'
homogenates might define the probable
post-injury interval and differentiate
AM from PM wounds, respectively.
Combined markers might increase the
accuracy of wound dating.

VI- Recommendations

Wider scale studies are
mandatory to establish the obtained
results and verify the best biomarkers
combinations to be used. Further,
similar trials for the estimation of these
biomarkers in human specimens are
required to establish their clinical utility
in forensic practice.

Conflicts of interest: no conflict of
interest.

Zagazig J.Forensic Med.& Toxicology

Funding: This research did not receive
any financial assistance or specific
grant from funding organization.

VII. References

Abo  El-Noor, M., Elgazzar, F.
and Alshenawy, H. (2017): Role of
inducible nitric oxide synthase and
interleukin-6  expression in  the
estimation of skin burn age and vitality.
J Forensic Leg Med., 52:148-153. Doi:
10.1016/}.jflm.2017.09.001.

Bhattacharyya, A., Herta, T., Conrad,
C., Frey, D., Garcia, P., Suttorp,
N., Hippenstiel, S. and Zahlten, J.
(2021): Induction of Kriippel-Like
Factor 4 Mediates Polymorphonuclear
Neutrophil Activation in Streptococcus
pneumoniae Infection. Front
Microbiol., 11:582070. Doi:
10.3389/fmich.2020.582070.

Chen, Y., Hsu, U., Chu, C., Chang, Y., Fan,
J., Yang, M. and Chen, H. (2022): Loss
of cell-cell adhesion triggers cell
migration through Racl-dependent
ROS generation. Life Sci Alliance,
6(2): e202201529. Doi:
10.26508/1sa.202201529.

Cheng, J., Suo, L., Wang, L., Zhao, R.
and Guan, D. (2021): Application
Prospect of MicroRNA in Skin Wound
Age Estimation. Fa Yi Xue Za Zhi.,
37(6):841-846. Doi:
10.12116/j.issn.1004-
5619.2020.4007009.

Cibelli, M., Fidalgo, A., Terrando, N., Ma,
D., Monaco, C., Feldmann, M., Takata,
M., Lever, I., Nanchahal, J., Fanselow,
M. and Maze, M. (2010): Role of
interleukin-lbeta in  postoperative
cognitive dysfunction. Ann Neurol.,
68(3):360-8. Doi: 10.1002/ana.22082.

Clark, J.D., Gebhart, G.F.,, Gonder,
J.C., Keeling, M.E. and Kohn, D.F.
(1997): Special Report: The 1996 Guide
for the Care and Use of Laboratory
Animals. ILAR J., 38(1):41-48. doi:
10.1093/ilar.38.1.41.

Vol. (21) No. (1), 2022


https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=200&term=Fanselow+MS&cauthor_id=20818791

Wound dating and vitality by measuring cytokines & MicroRNAS

Fei, X.,, Wang, J., Wu, Y., Dong, N.
and Sheng, Z. (2020): Sevoflurane-
induced cognitive decline in aged mice:
Involvement of toll-like receptors 4.
Brain Res Bull.,, 165:23-29. Doi:
10.1016/j.brainresbull.2020.08.030.

Franklin, D. and David, C.H. (1995):
analysis of statistical test to compare
among groups. Anesthesiology, 82:4-9.

Giantulli, S., Tortorella, E., Brasili,
F., Scarpa, S., Cerroni, B., Paradossi,
G., Bedini, A., Morrone, S., Silvestri, 1.
and Domenici, F. (2021): Effect of 1-
MHz ultrasound on the
proinflammatory interleukin-6
secretion in human keratinocytes. Sci
Rep., 11(1):19033. Doi:
10.1038/s41598-021-98141-2.

Guan, D-W., Ohshima, T. and Kondo, T.
(2000): Immunohistochemical Study on
Fas and Fas Ligand in Skin Wound
Healing. Histochem J., 32:85-91.

Han, L., Li, W., Hu, Y., Zhang, H., Ma,
J., Ma, K., Xiao, B., Fei, G., Zeng,
Y., Tian, L. and Chen, L. (2021): Model
for the prediction of mechanical
asphyxia as the cause of death based on
four biological indexes in human
cardiac tissue. Sci Justice, 61(3):221-
226. Doi: 10.1016/j.scijus.2021.02.003.

Haroon, Z.A., James, A., Raleigh, M.,
Charles, S., Greenberg, F, and Mark, W.
(2000): Early Wound Healing Exhibits
Cytokine Surge Without Evidence of
Hypoxia. Annals of Surgery, 231(1):
137-47.

Holzheimer, R.G. and Steinmertz, W.G.

(2000): Local and systemic
concentration of pro- and anti-
inflammatory cytokines in human

wounds. Eur. J Med. Res., 5: 347-55.

Ibrahim, S.F., Ali, M.M., Basyouni, H.,
Rashed, L.A., Amer, E.A.E. and Abd
El-Kareem, D. (2019): Histological and
MiRNAs Postmortem Changes in
Incisional Wound. Egypt J. Forensic
Sci., 9, 37.

Johnson, M., Otuki, M., Cabrini,
D., Rudolph, R., Witherden, D. and
Havran, W. (2022): Hspa8 and ICAM-

Zagazig J.Forensic Med.& Toxicology

1 as damage-induced mediators of y6 T
cell activation. J Leukoc
Biol.,111(1):135-145. Doi:
10.1002/JLB.3AB0420-282R.

Khalaf, A.A., Hassanen, E.l., Zaki, A.R.,
Tohamy, A.F. and Ibrahim, M.A.
(2019): Histopathological,
immunohistochemical, and molecular
studies for determination of wound age
and vitality in rats. Int. Wound J., 16,
1416-1425

Li, W.C., Ma, K.J., Lv, Y.H., Zhang, P.,
Pan, H., Zhang, H., Wang, H.J., Ma, D.
and Chen, L. (2014): Postmortem
interval determination using 18S-rRNA
and microRNA. Sci. Justice, 54, 307—
310.

Li, C., Wang, Q., Zhang, Y., Lin, H.,
Zhang, J., Huang, P. and Wang, Z.
(2016): Research progress in the
estimation of the postmortem interval
by Chinese forensic scholars. Forensic
Sci. Res., 1, 3-13.

Lv, Y.H., Ma, J.L., Pan, H., Zeng, Y., Tao,
L., Zhang, H.L., Ma, K.J. and Chen, L.
(2017): Estimation of the human
postmortem  interval using  an
established rat mathematical model and
multi-RNA markers. Forensic Sci.
Med. Pathol., 13, 20-27.

Manetti, A.C., Maiese, A., Baronti,
A., Mezzetti, E., Frati, P., Fineschi, V.
and Turillazzi E. (2021): MiRNAs as
New Tools in Lesion Vitality
Evaluation: A Systematic Review and
Their Forensic Applications.
Biomedicines,  9(11):1731. Doi:
10.3390/biomedicines9111731.

Neri, M., Fabbri, M., D’Errico, S., Di
Paolo, M., Frati, P., Gaudio, R., La
Russa, R., Maiese, A., Marti, M.,
Pinchi, E., Turillazzi, E. and Fineschi,
V. (2019): Regulation of MiRNAS as a
new tool for cutaneous vitality lesions
demonstration in ligature marks in
deaths by hanging Scientific Reports,
9:20011

Pan, H., Zhang, H., L{, Y.H., Ma, J.L., Ma,
K.J. and Chen, L. (2014): Correlation
between five RNA markers of rat’s skin

Vol. (21) No. (1), 2022



Wound dating and vitality by measuring cytokines & MicroRNAS

and PMI at different temperatures. Fa
Yi Xue Za Zhi, 30, 245-249.

Pennisi, G., Torrisi, M., Cocimano,
G., Esposito, M., Salerno, M. and Sessa,
F. (2022): Vitality markers in forensic

investigations: a literature review.

Forensic Sci Med Pathol., Doi:

10.1007/s12024-022-00551-9.
Peyron, P., Colomb, S., Becas,

D., Adriansen, A., Gauchotte, G., Tiers,
L., Marin, G., Lehmann, S., Baccino,
E., Delaby, C. and Hirtz, C. (2021):
Cytokines as new biomarkers of skin
wound vitality. Int J Legal Med.,
135(6):2537-2545. Doi:
10.1007/s00414-021-02659-z.

Rocchi, A., Chiti, E., Maiese, A., Turillazzi,
E. and Spinetti, 1. (2020): MicroRNAs:
An Update of Applications in Forensic
Science. Diagnostics (Basel), 11(1):32.
doi: 10.3390/diagnostics11010032.

Ryu, Y., Kang, K., Pio, J.,Ahn, M., Yi, J.,
Hyun, Y., Kim, S., Ko, M., OokPark, C.
and Hyun, J. (2019): Particulate matter
induces inflammatory cytokine
production via activation of NFxB by
TLR5-NOX4-ROS signaling in human
skin keratinocyte and mouse skin
Redox Biology, 21:101080. doi:
10.1016/j.redox.2018.

Terrando, N., Monaco, C., Ma, D., Foxwell,
B., Feldmann, M. and Maze, M. (2010):
Tumor necrosis factor-alpha triggers a
cytokine cascade yielding postoperative
cognitive decline. Proc Natl Acad Sci U
S A, 107(47):20518-22.  Doi:
10.1073/pnas.1014557107.

Tickle, J., Sen, J., Adams, C., Furness,
D., Price, R., Kandula, V., Tzerakis, N.
and Chari, D. (2023): A benchtop brain
injury model using resected donor
tissue from patients with Chiari
malformation. Neural Regen
Res., 18(5):1057-1061. Doi:
10.4103/1673-5374.355761.

Tozzo, P., Scrivano, S., Sanavio, M. and
Caenazzo, L. (2020): The Role of DNA
degradation in the estimation of post-

Zagazig J.Forensic Med.& Toxicology

mortem interval: A systematic review
of the current literature. Int. J. Mol. Sci.

, 21, 3540.
Tsellou, M., Dona, A., Antoniou,
A, Goutas, N., Skliros,

E., Papadopoulos, 1., Spiliopoulou, C.
and Papadodima, S. (2022): A
comparative autopsy study of the injury
distribution and severity between
suicidal and accidental high falls.
Forensic Sci Med Pathol., 18(4):407-
414. Doi: 10.1007/s12024-022-00496-
z.

Tu, C.,Du, T,, Ye, X,, Shao, C., Xie, J. and
Shen, Y. (2019): Using MiRNAs and
CircRNAs to estimate PMI in an
advanced stage. Leg. Med., 38, 51-57.

Wei, Q., Ma, J., Jia, L., Zhao, H., Dong,
Y., Jiang, Y., Zhang, W. and Hu, Z.
(2022): Enzymatic one-pot preparation
of  carboxymethyl chitosan-based
hydrogel with inherent antioxidant and
antibacterial properties for accelerating
wound healing. Int J Biol Macromol.,

S0141-8130(22)02936-1. Doi:
10.1016/j.ijbiomac.2022.12.035.
Wilkinson, H.N. and Hardman, M.J.
(2020):  Wound healing: cellular
mechanisms and pathological
outcomes. Open
Biol.,10(9):200223. Doi:

10.1098/rsob.200223.

Yang, J., Wang, S., Liu, L., Wang, J. and
Shao, Y. (2021): Long non-coding
RNA NEAT1 and its targets
(microRNA-21 and microRNA-125a)
in  rheumatoid arthritis:  Altered
expression and potential to monitor
disease activity and treatment outcome.
J Clin Lab Anal., 35(12): e24076.

Zubaidi, A., Buie, W.D., Hart, D.A. and

Sigalet, D. (2010):  Temporal
expression of cytokines in rat
cutaneous, fascial, and intestinal

wounds: A comparative study. Dig Dis
Sci., 55:1581-8.

Vol. (21) No. (1), 2022


https://www.sciencedirect.com/journal/redox-biology
https://pubmed.ncbi.nlm.nih.gov/?sort=pubdate&size=200&term=Furness+DN&cauthor_id=36254993

Wound dating and vitality by measuring cytokines & MicroRNAS

g—.‘J‘J‘ gdlall

gl g paad B aclug B gal) (6958l (daeall p LS glaal) Sl glasa Gl
Adajy

dana plasd 240 Une Al A 2l g) dglal oL lida dana g o2 jladl) gl
1@3@)&\ gﬂ.u czd‘AAJ.“A,G

L gl gl g Adal) 4 gl sl andd? ASLIEY) 0 gacall g (& ) ulal) anddl
Lass el 5 el ol A0S - iyl

(6-CuS S AN 5 (Wil sl AT Jale (e Badaa cuead (Gaadai AlB o Al pal) 038 Ciags oY)
Ay (uilaiall aliiuall 412140 192 383 (6ol il paeall dal) patl) g giwag
O Lo B (o 385 Byaail g B8 1) day g 08 Aasall) 7 g ) G sl 7 sad) (e B gALAY) Agala) dial)

Al o Jgandl gz ) &ilaa)

ide o Jguaanlly Sl padal) 8 et aw 2 Algh gala (3 Jas ol shaddliaal) 3] gal) g (3 okl
goal &) (e delu 245 6.9 il g ABBI 3 g o() A ganall) B dilia 7 o) ilaa aay alal) (e
de ganall) 7 all a8 pdilia ) gead) (aly e (e ) gl (i dry gf ¢ A gaall) Al Gl gl B
st AR Jale cily gia uld b daladiny dpalad) ddad) Ay Guiladiall paliiwal) dae) a3 (7
Il ol paaall el jyeill fdl) e ara abdly 5N LI aladialy 6-CnS sl AN g (il

Sradedial) ) gpad gal) JoliS aladinly 1-214¢1-92 (384

(@) 4o sanall clise B dilian) AN gd (3L Ao Lpld a3 A1 Jal gl asan Y ara o 22 g silidl)
—rasl) AT Jalad 5 il canail) i ana gl (o AY) (e gaaall cilie b AulBAl cy sl oo
Aol 24 2y ( Mgl Ao Cpplalal) NS i lug (ABBa 30 die gkl AU 3L 30 6-CuS slAN) g (Wl
s la 223 214-1 €921 @B (g 3am ) gl paaall all il fadl) N ara caly alalal) M
ol s 9sill paaall ad) el Gl ciaee cpgll AY) qilal) Ao | gl e clela 6
uadll &) () Al Al Juladh LS () A sanall e aran G Wk BSER 12214 (1-92 (@84
(lelu 6 gl (licbu o) Alay) 2 Le 3458 mudagil aal) padall el G-CuS sl AN (e dadli yal)
o o O Saal) e 1292 (3831 (5 sm N (5 968l (aaall ) juaanll Gl Y ana dad jal) Gudll g
sl sl paeall ad) el Zudl) c e U ) i) Lali cGlislu LlaY) 2 La 338 ¢
69 ALa 30 £L) AlaY) 2y La B gl aaY) digall oA Wl eaysh AL Jale 5 192 380
LAY el A 6-0nS SAN) (e Aad yal) ) o i piial) ot Jladl) ciaas gl e clelu
G35 Gaaall adl yuetill Zdl) c¥ v (e adi el (5 ghaal) i) £1a0U Jradd) Aadad) aaa g 48

Aoal) sla U Giaa 7 jad) 7o) Eigand (ubua jdigas 1214384 (5 s )

oaliiual) 31214 1-92E8a 53 sm0 5955 Gaaall ) il fadl) cYare ki sAaadAd)
Adpl) o Jgaall g Alal) cple B Al paad A selud o) GSaal) (e dalad) Al Ay (uilaiall
a5 483 (e Aaanall @l pdigall 835 ) S LaS Al i) o L0 gl a9 S8 Aaadl) g sad) G Jasaill g
gl ady

Saad A Laadiioid) 4 gaad) eV aal saait cilad 3 81 ) B gl Al jall 028 s 3 s ilua gil)
) el sl Cara pafi Gl Al (e Lja 8l ak el LS (ol Gl B 7oAl jes
Clial) b dgatal) dlal) ¥ (uilaial) paldieall 41214 292384 (55 5u ) (595l Gaeall
S A Galal) A jlan (B & peal) Lgrailh LEY A )

Zagazig J.Forensic Med.& Toxicology Vol. (21) No. (1), 2022



