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Abstract: The FLICE-inhibitory protein (c-FLIPL) (55 kDa) is expressed in numerous tissues and most
abundantly in the kidney, skeletal muscles and heart. The c-FLIPL has a region of homology with
caspase-8 at the carboxy-terminal end which allows the molecule to assume a tertiary structure similar
to that of caspases-8 and -10. Consequently, c-FLIPL acts as a negative inhibitor of caspase-8,
preventing the processing and subsequent release of the pro-apoptotic molecule active form.
The c-FLIP plays as an inhibitor of apoptosis induced by a variety of agents, such as tumor
necrosis factor (TNF), T cell receptor (TCR), TNF-related apoptosis inducing ligand (TRAIL), Fas and
death receptor (DR). Increased expression of c-FLIP has been found in many human malignancies and
shown to be involved in resistance to CD95/Fas and TRAIL receptor-induced apoptosis. We wanted
to verify an investigative protocol using FLIP to make a differential diagnosis between skin sulcus
with vitality or non-vital skin sulcus in hanged subjects and those undergoing simulated hanging
(suspension of the victim after murder). The study group consisted of 21 cases who died from suicidal
hanging. The control group consisted of traumatic or natural deaths, while a third group consisted of
simulated hanging cases. The reactions to the Anti-FLIP Antibody (Abcam clone-8421) was scored for
each section with a semi-quantitative method by means of microscopic observation carried out with
confocal microscopy and three-dimensional reconstruction. The results obtained allow us to state
that the skin reaction to the FLIP is extremely clear and precise, allowing a diagnosis of unequivocal
vitality and a very objective differentiation with the post-mortal skin sulcus.

Keywords: immunohistochemistry; c-FLIP; vitality; suicide; hanging

1. Introduction

In humans, defective regulation of the cell death program due to excessive or insufficient apoptosis
results in the development of various diseases, including cancer, neurodegenerative diseases and
autoimmune diseases [1]. When an organ is injured, a complex, highly-orchestrated healing process
starts, requiring the interplay and crosstalk of a multitude of cells and mediators. Each has a histological
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and biomolecular imprint that have been widely investigated; these are collectively termed as ‘vitality’
and relate to whether or not the victim was alive at the time the trauma was sustained.

A more general mechanism whose importance has only been discovered in recent years is
involved in the production of proteins that inhibit the transduction of the apoptotic signal. To prevent
uncontrolled cell death or tissue damage, apoptosis is strictly regulated by numerous inhibitors.
Many of these inhibitors have been identified because they are expressed by viruses as functional
homologues with the task of preventing the death of the host cell. The v-FLICE-inhibitory protein
(v-FLIP) produced by the herpes virus inhibits the recruitment and activation of caspase-8 in the
death-inducing signaling complex (DISC) [2,3].

The c-FLIPL (55 kDa) is expressed in numerous tissues and most abundantly in the kidney,
skeletal muscles and heart. c-FLIPL and c-FLIPS compete with procaspase-8 when highly expressed.
Several homologs of FLIP have been found in humans and all appear to have an anti-apoptotic role.
Specifically, the cellular FLICE inhibitory protein (c-FLIP) is abundantly expressed in a variety of
tumors as an endogenous inhibitor of receptor-induced apoptosis via the caspase-8 pathway [4,5].

The c-FLIP gene resides on chromosome 2q33-34 in a 200-kb cluster that includes both caspase-8 and
-10, indicating that these genes are evolved via duplication [6]. The c-FLIP is expressed in three main
forms: the long form (c-FLIPL), which is highly homologous to procaspase-8 and -10 and has
tandem amino-terminal death-effector domains (DEDs) and a catalytic protease domain inactive at
the carboxy-terminal; and the short forms (c-FLIPS and c-FLIPR), which are composed only of the
amino-terminal tandem DEDs followed by a short carboxy-terminal tract, with a similar structure to
v-FLIP [7,8]. The c-FLIPL has a region of homology with caspase-8 at the carboxy-terminal end which
allows the molecule to assume a tertiary structure similar to that of caspases-8 and -10 [9,10].

The Death Effector Domain (DED) present in the c-FLIPL protein binds to the Fas-associated protein
with the death domain (FADD) adapter protein, which then recruits c-FLIPL instead of caspase-8 to
the receptor complex. Consequently, c-FLIPL acts as a negative inhibitor of caspase-8, preventing the
processing and subsequent release of the proapoptotic molecule active form. Therefore, c-FLIPL forms
a heterodimer with caspase-8 by binding to it via two domains: DED and caspase-like-domain [11].
Thus, without FLIP, caspase-8 is initially recruited and then activated by an autocatalytic cleavage,
with a subsequent cleavage between the large and small subunits and between the caspase domain
and the DED of the neighboring caspase. Consequently, the caspase-8 protease active dimer is released
into the cytoplasm and initiates the apoptotic cascade [12,13].

At the same time, we acknowledge that gross and histological examination of these marks may
sometimes be unreliable and may mislead the forensic pathologist into deciding whether they are
due to hanging or post-mortem suspension of the body. For this purpose we wanted to investigate
whether the ischemia induced by the compression of the asphyxiogenic tool on the skin is likely to
determine the development of hypoxia with consequent hypo-expression of c-FLIP and activation of
the caspase-8 apoptotic pathways in the Death-Inducing Signaling Complex (DISC) [14,15].

This mechanism, if validated, could resolve one of the great uncertainties that still reign in the field
of forensic pathology, namely the demonstration (not to mention certainty) of the viability of the lesion.
In the present study, whether FLIP can be reliably used in forensic practice for differential diagnosis
between suicidal hanging and simulated hanging (hanging the victim after murder) was investigated.

2. Materials and Methods

2.1. Samples

We selected 8 women and 13 men, mean age 52.2 years, who died from suicidal hanging.
Regarding the type of hanging material used for ligature, we selected 11 cases in which broad, soft and
yielding materials were used and 10 cases in which hard materials used. The knot was situated over
the back of the neck (occipital position) in 7 cases, in 4 cases it was situated on the left side of the neck
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(left mastoid) and in 10 cases on the right side of the neck (right mastoid). Complete hanging occurred
in 15 cases and incomplete handing in 6 cases.

We chose as a control group adults (n = 13; six women, seven men, mean age 47.3 years) that
died from opioid overdose (n = 2), car accident (n = 3), sudden cardiac death (n = 5) and 3 cases of
post-mortem suspension of bodies (drug overdose as cause of death in all three cases). These deaths
were characterized by their rapidity. The post-mortem interval was ≤36 h in each case. The study
was carried out on skin samples. In all cases of hanging, skin sections were removed at the neck in
long strips perpendicular to the base of the ligature marks at the site of the major depth of the marks.
In control cases skin samples were taken from the anterior face of the neck [16,17].

Only bodies free of post-mortem changes were selected and, according to Italian Law
582/1994 regarding method of assessment and death certification, EKG was performed for 20 min so
as to certificate death as soon as possible; therefore, all skin samples were collected within 12–24 h
after death.

A routine microscopic histopathological study was performed using haematoxylin-eosin (H&E)
staining. In addition, immunohistochemical investigation of skin samples was performed utilizing
antibodies anti-FLIP (ab8421), anti-tryptase, anti-CD15, anti-Troponin I fast skeletal muscle.

2.2. Immunohistochemical Examination

Our method was as previously published and this study represents an implementation of our
previous studies [16,17]. Samples, 8 cm2, from each case were fixed in 10% buffered formalin,
then washed with phosphate-buffered saline (PBS) and subsequent dehydration was carried out using
a graded alcohol series. After dehydration, samples were cleared in xylene, and embedded in paraffin.
Sections were cut at 4 µm, mounted on slides and covered with 3-amminopropyltriethoxysilane (Fluka,
Buchs, Switzerland).

To test the Anti-FLIP antibody (ab8421), we used resistant prostate cancer and kidney samples.
Antigen retrieval was carried out using EDTA buffer in a pressure steamer at 100 ◦C for 90 min.
Slides were stained on an automated immunostainer (Dako Cytomation, Glostrup, Denmark), using a
polyclonal anti- FLIP antibody (Abcam clone ab8421 Cambridge, United Kingdom; 1:50 dilution).
(Tryptase: 5 min Proteolytic Enzyme (Dako, Copenhagen, Denmark), 20 ◦C 120 min, 20 ◦C 1:1000.
CD 15: (DAKO, Copenhagen, Denmark) boiling in 0.25 mM EDTA buffer; 120 min, 20 ◦C 1:50.)
Anti-Troponin I fast skeletal muscle (Abcam clone-134,838) was diluted 1:100. After removal of
the primary antibodies with three 5-min washes in PBS, sections were incubated for 40 min with
biotinylated horse anti-mouse IgG (Vector) diluted 1:200 in 1% NHS. After three 5-min washes in
PBS, sections were incubated for 30 min with horseradish peroxidase avidin D (HRP, Vector) diluted
1:1000 with PBS. After three 5-min washes with PBS, the sections were developed with DAB kit
(Vector), stopped with rinses of double-distilled water. Bound antibodies were detected with the
Dako EnvisionTM System Copenhagen, Denmark. As a negative control, primary antibody was
omitted and replaced with PBS. In addition, non- specific rabbit antibody was used, resulting in clean
negative results in all cases (not shown). The sections were counterstained with Mayer’s haematoxylin,
dehydrated, cover-slipped and observed in a Leica DM4000B optical microscope (Leica, Cambridge,
UK) connected to a computerized system with photo camera (DC 480 Leica) [18,19].

2.3. Quantitative Analysis

For quantitative analysis, in each immunohistochemical section we made 20 observations in
different fields/slides at 100-fold magnification. The samples were also examined under a confocal
microscope and a three-dimensional reconstruction was performed (True Confocal Scanner, Leica TCS
SPE, Cambridge, UK).

The staining intensity was evaluated using a semi-quantitative immunohistochemical (IHC)
scoring scale. A semi-quantitative evaluation of the immunohistochemical findings by two different
investigators (MN, AM) without prior knowledge was performed; all measurements were done at the
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same magnification of image (×10) and the following gradation of the immunohistochemical reaction
was used with a scale 0–3, as follows. The amount and extent of marker depletion was scored for each
section from 0 to −3:

• 0 = no loss of staining;
• −1 = minimal decrease in staining, compared to normally stained tissue;
• −2 = clear decrease in staining with some positivity (brown colour) remaining;
• −3 = no positive (brown) staining.

The grade was based on the maximum depletion of FLIP noted in the region. The evaluations
were carried out separately for each sample, using a double-blind method. In cases of divergent
scoring, a third observer decided the final score [16,17].

2.4. Statistical Analysis

Semi-quantitative evaluation of the immunohistochemical findings and gradation of the
immunohistochemical reaction were described with an ordinal scale and the median value
reported. Analysis of variance for the non-parametric data was performed using Kruskal-Wallis test.
When differences were found to be significant, analysis between the unmatched groups was elucidated
with a Dunn’s Multiple Comparison post hoc test. Significance level was set to 5% (SPSS ver. 16.01 for
Windows—SPSS Inc., Chicago, IL, USA).

3. Results

Our results allowed us to highlight some interesting and significant data.
The microscopic observation of the skin specimens from hanging marks presented flattening of

the epidermal layers, formation of intra-epidermal liquid-filled vesicles, and in a few cases dermal
mild leukocyte reactions and alteration of the musculature in the form of Zenker’s necrosis.

In the cases of post-mortem suspension of bodies, plethora of the dermal vessels and metachromasia
of the dermal and sub-dermal connective tissue were observed.

Preliminarily, we confirmed the positivity of the vital sulci with methods that are already
established to be reliable markers of vitality, such as the study of tryptase, CD15 and Troponin I fast
skeletal muscle, all used as reliable diagnostic tools in forensic practice. In the 21 cases in which the
anti-tryptase, anti-CD15 (Figure 1A–C) and anti-troponin I fast skeletal muscle antibodies were used as
positive control, we found significant positive reactions (Figure 2A–C).

In all cases (21 out of 21) of subjects who died by hanging, a clear, precise and evident
intracytoplasmic depletion of FLIP was appreciated in the epidermal layers with coexistence of
epidermal flattening (average value of intensity −2.71, statistically significant (p < 0.05)) (Figure 3A,B).

We did not find substantial differences in relation to the type of hanging (complete or incomplete)
or to the position of the knot or material used (Figure 4A,B) (Table 1).

In post-mortem injuries and in uninjured skin specimens of control skin, immunohistochemical
positivity was found which could not be confused with the reactions (hypo-expression) observed in
vital ligature marks. The positive control showed a lack of depletion of the anti-FLIP antibody in
samples of skin (Figure 5A,B) and a quantitative increase in the samples of resistant prostate cancer
(Figure 5C,D).
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Table 1. Quantitative analysis and circumstantial data: staining intensity was evaluated using a semi-
quantitative immunohistochemical scoring scale (average value of intensity−2.71, statistically significant
(p < 0.05)). In all cases we investigated the skin at the level of the “full of the loop” (greater compression
of the ligature mark).

Case
Number Gender Staining Intensity

Microscopic Results
Type of

Ligature Mark Type of Hanging Position of Knots

1 Man 3 Soft Complete Occipital
2 Woman 2 Soft Incomplete (partial) Occipital
3 Man 3 Soft Complete Right/Left side of the neck
4 Man 3 Hard Incomplete (partial) Right/Left side of the neck
5 Man 2 Hard Complete Occipital
6 Man 2 Soft Complete Occipital
7 Woman 3 Hard Incomplete (partial) Occipital
8 Woman 3 Soft Complete Right/Left side of the neck
9 Woman 3 Soft Complete Right/Left side of the neck

10 Man 3 Soft Complete Right/Left side of the neck
11 Man 3 Soft Complete Right/Left side of the neck
12 Woman 2 Soft Incomplete (partial) Right/Left side of the neck
13 Man 3 Hard Complete Right/Left side of the neck
14 Man 3 Hard Complete Right/Left side of the neck
15 Man 2 Hard Incomplete (partial) Right/Left side of the neck
16 Woman 3 Soft Complete Occipital
17 Man 3 Hard Complete Occipital
18 Man 3 Hard Incomplete (partial) Right/Left side of the neck
19 Man 2 Soft Complete Right/Left side of the neck
20 Woman 3 Hard Complete Right/Left side of the neck
21 Woman 3 Hard Complete Right/Left side of the neck
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Statistical analysis of the results via the Student test showed a statistically significant FLIP
depletion for hanging compared to post-mortem injuries and in uninjured skin specimens of control
skin (p < 0.05), and to samples of resistant prostate cancer (p < 0.01).

4. Discussion

The c-FLIP acts as an inhibitor of apoptosis induced by a variety of agents, such as tumor necrosis
factor (TNF), T cell receptor (TCR), TNF-related apoptosis inducing ligand (TRAIL), and Fas and death
receptor (DR) [20–22]. The intracellular expression of both c-FLIPL and c-FLIPS can be controlled
in cancer cells at different levels. Increased expression of c-FLIP has been found in many human
malignancies, such as colon, ovarian, breast and prostate cancer, as well as glioblastoma, and has been
shown to be involved in resistance to CD95/Fas and TRAIL receptor-induced apoptosis [23–26].

The results of the present study are notable; in 21 cases of subjects who died by hanging,
an intracytoplasmic depletion of FLIP was observed. This result confirms the intracytoplasmic
reduction of c-FLIP in cervical skin at the “full of the loop” level (greater compression of the ligature
mark) in subjects who died by hanging.

As shown by Dettmeyer, skin compression due to the asphyxiation medium determines a
hypervascularisation of the muscular and especially of the skin structures, with consequent ischemic
necrosis of the epidermis [27]. The ischemic insult would result in an under-expression of c-FLIP with
activation of necroptosis and the proteolytic cascade that leads to cell death [28–30].

Regardless of the evidence observed during autopsy, the definitive forensic diagnosis of hanging
is solely based on the finding of the vital reaction in the cervical skin sulcus. The major difficulties
of interpretation are because the time of lesion formation can be extremely limited and, therefore,
insufficient for the development of a clear vital reaction.

Hanging is generally performed as a means of suicide because it is an extremely simple method
to implement; however, cases of suspension of a corpse are not uncommon in forensic practice.
A definitive differential diagnosis between suicidal hanging and simulated hanging (hanging the victim
after murder) is very delicate and critical and a challenging issue for forensic pathologists [31,32].

The skin histology is generally characterized by slight integumentary hollowing, the epidermis
frequently detached from the stratum corneum, thinned, with poorly distinguishable elements, with a
mainly tangential course of the cellular assises, and flattening of the interpapillary digitations [33].

Skin analyses benefit from histochemical methods, especially when using Poley staining as
modified by Wenyou [34].

The immunohistochemical method is important for a correct diagnosis. The anti-fibrinogen
antibodies, anti-CD15, and anti-selectin p were shown to be more reliable [16]. The anti-tryptase
antibody shows a relevant positivity in cases with longer survival such as in strangulation. [17,35].

At the muscle level, the anti-myoglobin and anti-troponin antibodies are reliable indices of
vitality [36]. Similar findings were reported by Fineschi et al. on the wrist, ankle, and cervical furrows
caused by “incaprettamento” (18 cases): the immunohistochemical reaction (100% positivity at the
neck level) was particularly effective when using anti-actin, anti-desmin, and anti-miosin polyclonal
antibodies and, specifically, anti-myoglobin for muscular structures [37].

In previous studies, the possibility of a viable reaction using C5b-9, MRP14, IL-1β,
and AQP3 antibodies was investigated [38–40].

5. Conclusions

Based on the results of the present study, the FLIP antibody is a trusted candidate for a definitive
differential diagnosis between ante-mortem and post-mortem hangings and could be a foundation
for future studies to discriminate between suicidal or simulated hanging (hanging the victim after
murder). Therefore, to obtain statistically more significant and reliable results, studies with a larger
number of cases are necessary.
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In conclusion, the set of results obtained leads us to believe that the use of this antibody (FLIP)
is very promising in being able to make a certain differential diagnosis between ante-mortem and
postmortem indices of vitality.

Author Contributions: Conceptualization, V.F. and A.M.; methodology, E.T.; validation, G.B.; investigation,
A.D.M.; resources, A.D.M.; writing—original draft preparation, A.M.; writing—review and editing, V.F.; funding
acquisition, P.F. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Sapienza University of Roma, Progetto di avvio alla ricerca,
grant number AR11916B4BBEA472.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. Green, D.R.; Evan, G.I. A matter of life and death. Cancer Cell 2002, 1, 19–30. [CrossRef]
2. Bagnoli, M.; Canevari, S.; Mezzanzanica, D. Cellular FLICE-inhibitory protein (c-FLIP) signalling: A key

regulator of receptor-mediated apoptosis in physiologic context and in cancer. Int. J. Biochem. Cell. Biol.
2010, 42, 210–213. [CrossRef] [PubMed]

3. Krueger, A.; Baumann, S.; Krammer, P.H.; Kirchhoff, S. FLICE-inhibitory proteins: Regulators of death
receptor-mediated apoptosis. Mol. Cell Biol. 2001, 21, 8247–8254. [CrossRef] [PubMed]

4. Micheau, O. Cellular FLICE-inhibitory protein: An attractive therapeutic target? Expert Opin. Ther. Targets.
2003, 7, 559–573. [CrossRef]

5. Bin, L.; Li, X.; Xu, L.G.; Shu, H.B. The short splice form of Casper/c-FLIP is a major cellular inhibitor of
TRAIL-induced apoptosis. FEBS Lett. 2002, 510, 37–40. [CrossRef]

6. Wang, X.; Wang, Y.; Zhang, J.; Kim, H.P.; Ryter, S.W.; Choi, A.M. FLIP protects against
hypoxia/reoxygenation-induced endothelial cell apoptosis by inhibiting Bax activation. Mol. Cell Biol.
2005, 25, 4742–4751. [CrossRef]

7. Lavrik, I.N.; Golks, A.; Krammer, P.H. Caspases: Pharmacological manipulation of cell death. J. Clin. Invest.
2005, 115, 2665–2672. [CrossRef]

8. Yu, J.W.; Shi, Y. FLIP and the death effector domain family. Oncogene 2008, 27, 6216–6227. [CrossRef]
9. Kataoka, T.; Budd, R.C.; Holler, N.; Thome, M.; Martinon, F.; Irmler, M.; Burns, K.; Hahne, M.; Kennedy, N.;

Kovacsovics, M.; et al. The caspase-8 inhibitor FLIP promotes activation of NF-kappaB and Erk signaling
pathways. Curr. Biol. 2000, 10, 640–648. [CrossRef]

10. Safa, A.R. Roles of c-FLIP in Apoptosis, Necroptosis, and Autophagy. J. Carcinog. Mutagen. 2003, (Suppl. 6), 003.
[CrossRef]

11. Rasper, D.M.; Vaillancourt, J.P.; Hadano, S.; Houtzager, V.M.; Seiden, I.; Keen, S.L.; Tawa, P.; Xanthoudakis, S.;
Nasir, J.; Martindale, D.; et al. Cell death attenuation by ‘Usurpin’, a mammalian DED-caspase homologue that
precludes caspase-8 recruitment and activation by the CD-95 (Fas, APO-1) receptor complex. Cell Death Differ.
1998, 5, 271–288. [CrossRef] [PubMed]

12. Liu, X.; Kim, C.N.; Yang, J.; Jemmerson, R.; Wang, X. Induction of apoptotic program in cell-free extracts:
Requirement for dATP and cytochrome c. Cell 2006, 86, 147–157. [CrossRef]

13. Chang, L.; Kamata, H.; Solinas, G.; Luo, J.L.; Maeda, S.; Venuprasad, K.; Liu, Y.C.; Karin, M. The E3 ubiquitin
ligase itch couples JNK activation to TNFalpha-induced cell death by inducing c-FLIP(L) turnover. Cell 2006,
124, 601–613. [CrossRef] [PubMed]

14. Hillert, L.K.; Ivanisenko, N.V.; Busse, D.; Espe, J.; König, C.; Peltek, S.E.; Kolchanov, N.A.; Ivanisenko, V.A.;
Lavrik, I.N. Dissecting DISC regulation via pharmacological targeting of caspase-8/c-FLIPL heterodimer.
Cell Death Differ. 2020, 27, 2117–2130. [CrossRef]

15. Wang, Y.; Li, J.J.; Ba, H.J.; Wang, K.F.; Wen, X.Z.; Li, D.D.; Zhu, X.F.; Zhang, X.S. Down Regulation of c-FLIPL
Enhance PD-1 Blockade Efficacy in B16 Melanoma. Front. Oncol. 2019, 9, 857. [CrossRef]

16. Neri, M.; Fabbri, M.; D’Errico, S.; Di Paolo, M.; Frati, P.; Gaudio, R.M.; La Russa, R.; Maiese, A.; Marti, M.;
Pinchi, E.; et al. Regulation of miRNAs as new tool for cutaneous vitality lesions demonstration in ligature
marks in deaths by hanging. Sci. Rep. 2019, 9, 20011. [CrossRef]

http://dx.doi.org/10.1016/S1535-6108(02)00024-7
http://dx.doi.org/10.1016/j.biocel.2009.11.015
http://www.ncbi.nlm.nih.gov/pubmed/19932761
http://dx.doi.org/10.1128/MCB.21.24.8247-8254.2001
http://www.ncbi.nlm.nih.gov/pubmed/11713262
http://dx.doi.org/10.1517/14728222.7.4.559
http://dx.doi.org/10.1016/S0014-5793(01)03222-7
http://dx.doi.org/10.1128/MCB.25.11.4742-4751.2005
http://dx.doi.org/10.1172/JCI26252
http://dx.doi.org/10.1038/onc.2008.299
http://dx.doi.org/10.1016/S0960-9822(00)00512-1
http://dx.doi.org/10.4172/2157-2518.S6-003
http://dx.doi.org/10.1038/sj.cdd.4400370
http://www.ncbi.nlm.nih.gov/pubmed/10200473
http://dx.doi.org/10.1016/S0092-8674(00)80085-9
http://dx.doi.org/10.1016/j.cell.2006.01.021
http://www.ncbi.nlm.nih.gov/pubmed/16469705
http://dx.doi.org/10.1038/s41418-020-0489-0
http://dx.doi.org/10.3389/fonc.2019.00857
http://dx.doi.org/10.1038/s41598-019-56682-7


Diagnostics 2020, 10, 938 10 of 11

17. Turillazzi, E.; Vacchiano, G.; Luna-Maldonado, A.; Neri, M.; Pomara, C.; Rabozzi, R.; Riezzo, I.; Fineschi, V.
Tryptase, CD15 and IL-15 as reliable markers for the determination of soft and hard ligature marks vitality.
Histol. Histopathol. 2010, 25, 1539–1546.

18. Hassanzadeh, A.; Farshdousti Hagh, M.; Alivand, M.R.; Akbari, A.; Shams Asenjan, K.; Saraei, R.; Solali, S.
Down-regulation of intracellular anti-apoptotic proteins, particularly c-FLIP by therapeutic agents; the novel
view to overcome resistance to TRAIL. J. Cell Physiol. 2018, 233, 6470–6485. [CrossRef]

19. Turillazzi, E.; Karch, S.B.; Neri, M.; Pomara, C.; Riezzo, I.; Fineschi, V. Confocal laser scanning microscopy.
Using new technology to answer old questions in forensic investigations. Int. J. Legal Med. 2008, 122, 173–177.
[CrossRef]

20. Tschopp, J.; Irmler, M.; Thome, M. Inhibition of fas death signals by FLIPs. Curr. Opin. Immunol. 1998, 10,
552–558. [CrossRef]

21. Ricci, M.S.; Jin, Z.; Dews, M.; Yu, D.; Thomas-Tikhonenko, A.; Dicker, D.T.; El-Deiry, W.S. Direct repression of
FLIP expression by c-myc is a major determinant of TRAIL sensitivity. Mol. Cell Biol. 2004, 24, 8541–8555.
[CrossRef] [PubMed]

22. Stagni, V.; Mingardi, M.; Santini, S.; Giaccari, D.; Barilà, D. ATM kinase activity modulates cFLIP protein
levels: Potential interplay between DNA damage signalling and TRAIL-induced apoptosis. Carcinogenesis
2010, 31, 1956–1963. [CrossRef] [PubMed]

23. Shim, E.; Lee, Y.S.; Kim, H.Y.; Jeoung, D. Down-regulation of c-FLIP increases reactive oxygen species,
induces phosphorylation of serine/threonine kinase Akt, and impairs motility of cancer cells. Biotechnol. Lett.
2007, 29, 141–147. [CrossRef] [PubMed]

24. Rippo, M.R.; Moretti, S.; Vescovi, S.; Tomasetti, M.; Orecchia, S.; Amici, G.; Catalano, A.; Procopio, A.
FLIP overexpression inhibits death receptor-induced apoptosis in malignant mesothelial cells. Oncogene
2004, 23, 7753–7760. [CrossRef] [PubMed]

25. Ryu, B.K.; Lee, M.G.; Chi, S.G.; Kim, Y.W.; Park, J.H. Increased expression of cFLIP(L) in colonic
adenocarcinoma. J. Pathol. 2001, 194, 15–19. [CrossRef] [PubMed]

26. McCourt, C.; Maxwell, P.; Mazzucchelli, R.; Montironi, R.; Scarpelli, M.; Salto-Tellez, M.; O’Sullivan, J.M.;
Longley, D.B.; Waugh, D.J. Elevation of c-FLIP in castrate-resistant prostate cancer antagonizes therapeutic
response to androgen receptor-targeted therapy. Clin. Cancer Res. 2012, 18, 3822–3833. [CrossRef]

27. Dettmeyer, R.B. Forensic Histopathology: Fundamentals and Perspectives; Springer: Berlin, Germany, 2018;
pp. 120–123.

28. Nazim, U.M.; Yin, H.; Park, S.Y. Downregulation of c FLIP and upregulation of DR 5 by cantharidin sensitizes
TRAIL mediated apoptosis in prostate cancer cells via autophagy flux. Int. J. Mol. Med. 2020, 46, 280–288.
[CrossRef]

29. Silke, J.; Strasser, A. The FLIP Side of Life. Sci. Signal. 2013, 6, 2. [CrossRef]
30. Wang, Q.; Sun, W.; Hao, X.; Li, T.; Su, L.; Liu, X. Down-regulation of cellular FLICE-inhibitory protein (Long

Form) contributes to apoptosis induced by Hsp90 inhibition in human lung cancer cells. Cancer Cell Int. 2012,
12, 54. [CrossRef]

31. Legaz Pérez, I.; Falcón, M.; Gimenez, M.; Diaz, F.M.; Pérez-Cárceles, M.D.; Osuna, E.; Nuno-Vieira, D.;
Luna, A. Diagnosis of Vitality in Skin Wounds in the Ligature Marks Resulting from Suicide Hanging. Am. J.
Forensic Med. Pathol. 2017, 38, 211–218. [CrossRef]

32. Pollanen, M.S.; Perera, S.D.; Clutterbuck, D.J. Hemorrhagic lividity of the neck: Controlled induction of
postmortem hypostatic hemorrhages. Am. J. Forensic Med. Pathol. 2009, 30, 322–326. [CrossRef] [PubMed]

33. Schulz, F.; Buschmann, C.; Braun, C.; Püschel, K.; Brinkmann, B.; Tsokos, M. Haemorrhages into the back
and auxiliary breathing muscles after death by hanging. Int. J. Legal Med. 2011, 125, 863–871. [CrossRef]
[PubMed]

34. Niu, W.Y.; Hu, J.Z.; Zhang, X.M. A new staining method for constriction marks in skin. Forensic Sci. Int. 1991,
50, 147–152. [PubMed]

35. Santoro, P.; La Russa, R.; Besi, L.; Voloninno, G.; dell’Aquila, M.; De Matties, A.; Maiese, A. The forensic
approach to plastic bag suffocation: Case reports and review of the literature. Med. Leg. J. 2019, 87, 214–220.
[CrossRef] [PubMed]

36. De Matteis, A.; dell’Aquila, M.; Maiese, A.; Frati, P.; La Russa, R.; Bolino, G.; Fineschi, V. The Troponin-I fast
skeletal muscle is reliable marker for the determination of vitality in the suicide hanging. Forensic Sci. Int.
2019, 301, 284–288. [CrossRef]

http://dx.doi.org/10.1002/jcp.26585
http://dx.doi.org/10.1007/s00414-007-0208-0
http://dx.doi.org/10.1016/S0952-7915(98)80223-9
http://dx.doi.org/10.1128/MCB.24.19.8541-8555.2004
http://www.ncbi.nlm.nih.gov/pubmed/15367674
http://dx.doi.org/10.1093/carcin/bgq193
http://www.ncbi.nlm.nih.gov/pubmed/20876284
http://dx.doi.org/10.1007/s10529-006-9213-5
http://www.ncbi.nlm.nih.gov/pubmed/17146609
http://dx.doi.org/10.1038/sj.onc.1208051
http://www.ncbi.nlm.nih.gov/pubmed/15334061
http://dx.doi.org/10.1002/path.835
http://www.ncbi.nlm.nih.gov/pubmed/11329136
http://dx.doi.org/10.1158/1078-0432.CCR-11-3277
http://dx.doi.org/10.3892/ijmm.2020.4566
http://dx.doi.org/10.1126/scisignal.2003845
http://dx.doi.org/10.1186/1475-2867-12-54
http://dx.doi.org/10.1097/PAF.0000000000000322
http://dx.doi.org/10.1097/PAF.0b013e3181c17ec2
http://www.ncbi.nlm.nih.gov/pubmed/19901802
http://dx.doi.org/10.1007/s00414-011-0622-1
http://www.ncbi.nlm.nih.gov/pubmed/21935676
http://www.ncbi.nlm.nih.gov/pubmed/1721036
http://dx.doi.org/10.1177/0025817219861277
http://www.ncbi.nlm.nih.gov/pubmed/31564205
http://dx.doi.org/10.1016/j.forsciint.2019.05.055


Diagnostics 2020, 10, 938 11 of 11

37. Fineschi, V.; Dell’Erba, A.S.; Di Paolo, M.; Procaccianti, P. Typical homicide ritual of the Italian Mafia
(incaprettamento). Am. J. Forensic Med. Pathol. 2019, 19, 87–92. [CrossRef]

38. Ishida, Y.; Kuninaka, Y.; Nosaka, M.; Shimada, E.; Hata, S.; Yamamoto, H.; Hashizume, Y.; Kimura, A.;
Furukawa, F.; Kondo, T. Forensic application of epidermal AQP3 expression to determination of wound
vitality in human compressed neck skin. Int. J. Legal Med. 2018, 132, 1375–1380. [CrossRef]
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