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Abstract: In a previous immunohistochemical (IHC) study, we documented the reaction of lung
tissue vessels to hypoxia through the immunodetection of HIF1-α protein, a key
regulator of cellular response to hypoxic conditions. Findings showing that asphyxia
deaths are associated with an increase in the number of mast cell (MC)-derived
tryptase enzymes in the blood suggests that HIF1-α production may be correlated with
MC activation in hypoxic conditions. This hypothesis prompted us to investigate the
possible role of pulmonary MC in acute asphyxia deaths.
Lung of 47 medico-legal autopsy cases (35 asphyxia/hypoxia deaths, 11 controls and 1
anaphylactic death) were processed by IHC analysis using anti-CD117 (c-Kit) antibody
to investigate peri-airway and peri-vascular MC together with their counts and features.
Results showed a significant increase in peri-vascular c-kit+ MC in some asphyxia
deaths, such as hanging, strangulation and aspiration deaths. A strong activation of
MC in peri-airway and peri-vascular areas was also observed in lung samples from the
anaphylaxis case, which was used as a positive control.
Our study points to the potential role of MC in hypoxia and suggests that an evaluation
of MC in the lungs may be a useful parameter when forensic pathologists are required
to make a differential diagnosis between acute asphyxia deaths and other kinds of
death.

Author Comments: The present study was inspired by a previous one, published on IJLM 128(1):117-125,
that investigated possible markers of acute mechanical asphyxia deaths using an
immunohistochemical analysis (IHC). The results obtained have encouraged us to
seek other possible markers of asphyxia, which are of great importance in forensic
pathology. In the present study, in which we worked also with double immunostaining
merged with confocal microscopy, we try to explain the role of mastcells in acute
asphyxia, asssuming that recently these cells are considered to have many unexplored
functions.
We hope that the topic will be of interest for your journal, and that the paper could be
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the second published in IJLM of many others dealing with the problem of asphyxia
deaths.

Response to Reviewers: Dear Editor and Reviewers,
Thank you very much for your valuable comments and suggestions, which have been
very useful for improving the paper.
We are pleased to submit the revised manuscript entitled “Are mast cells implicated in
asphyxia?”.
Below you will find the list of corrections made to the manuscript, highlighted below by
"....", and in red in the text, and a rebuttal against each of the points raised by the
Reviewers.
Kind regards,
 Rossana Cecchi

Reviewer #1
1) Due to the division in several subgroups the case number is rather low for a reliable
interpretation
In the original text we specified in the conclusions that : These findings highlight the
potential role played by MC in acute hypoxic conditions, which deserves further
investigation as a pathognomonic histological event.
In the reviewed text we added at the end of the discussion: “Although the case number
for each subgroup is low", it is noteworthy that hanging deaths, "which were all
complete hangings", yield "statistically" significant results as regards the number of
both HIF1-α+ pulmonary vessels and perivascular CD117+ MC, which further
highlights the importance of the role played by both vessels and MC in acute asphyxia
death.
2)  The study group should be described in detail:
- what kind of hanging / strangulation
Hangins were all complete, please see answer 1)

3) information on the estimated duration of asphyxia/ischemia
In the Discussion we added: Our results confirm that even short periods "(few
minutes)" of lack of oxygen in humans (acute asphyxia/hypoxia)

4) The control group should be described in detail: the question arises, whether e.g.
cardiac deaths are included, which can also be accompanied by terminal hypoxia.
In Material and methods we added: head trauma "due to gunshot or traffic accident in
which the death occurred rapidly" (n=3) or natural death "without agony and signs of
lung and cardiac involvement" (n=8).
3) It lacks a detailed presentation of the results.
It is not clear what the reviewer intend with “detailed presentation”. We reported all
information available from the observation of  the histological slides.
4) Figure 1 is of poor quality. The different distribution of the MC cells (small vessels,
medium vessels, large vessels)is not visible.
We improved the quality of figure 1

4) In several references the term "MC" needs to be written out.
We wrote out all MCs. Sorry!

Reviewer #2
1) the fixation time of the lung samples in buffered formaldehyde should be added
In Histology and immunohistochemistry we added: Lung tissue samples from each
case, taken from the central and subpleural areas of each lobe, were fixed in 10%
neutral-buffered formalin solution "for 3 to 5 days"
2) what means "acute"? Is it possible to conclude 1 or 2 minutes, or 5 minutes, or more
minutes? It would be helpful if this question could be answered more precisely.
In the Discussion we added: Our results confirm that even short periods "(few
minutes)" of lack of oxygen in humans (acute asphyxia/hypoxia)”
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Are mast cells implicated in asphyxia?  
 
Barbara Muciaccia, Cristina Sestili, Stefania De Grossi, Annarita Vestri, Luigi Cipolloni, Rossana 

Cecchi 

Abstract 
In a previous immunohistochemical (IHC) study, we documented the reaction of lung tissue vessels 
to hypoxia through the immunodetection of HIF1-α protein, a key regulator of cellular response to 
hypoxic conditions. Findings showing that asphyxia deaths are associated with an increase in the 
number of mast cell (MC)-derived tryptase enzymes in the blood suggests that HIF1-α production 
may be correlated with MC activation in hypoxic conditions. This hypothesis prompted us to 
investigate the possible role of pulmonary MC in acute asphyxia deaths. 
Lung of 47 medico-legal autopsy cases (35 asphyxia/hypoxia deaths, 11 controls and 1 
anaphylactic death) were processed by IHC analysis using anti-CD117 (c-Kit) antibody to 
investigate peri-airway and peri-vascular MC together with their counts and features.  
Results showed a significant increase in peri-vascular c-kit+ MC in some asphyxia deaths, such as 
hanging, strangulation and aspiration deaths. A strong activation of MC in peri-airway and peri-
vascular areas was also observed in lung samples from the anaphylaxis case, which was used as a 
positive control.  
Our study points to the potential role of MC in hypoxia and suggests that an evaluation of MC in 
the lungs may be a useful parameter when forensic pathologists are required to make a 
differential diagnosis between acute asphyxia deaths and other kinds of death.  
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Introduction 
 
A previous study investigated possible markers of acute mechanical asphyxia deaths using an 
immunohistochemical analysis (IHC). The immunodetection of hypoxia-induced factor1-α (HIF1-α) 
protein proved to be the most reliable marker. High numbers of vessels expressing HIF1-α in 
autoptic lung samples from individuals who died of asphyxia indicate that pulmonary vessels play 
an important role in the reaction to O2 deprivation [1]. Moreover, following evidence in the 
literature showing that asphyxia deaths are associated with an increase in the blood of the mast 
cell (MC)-derived tryptase enzyme [2], we decided to investigate the possible role of mast cells 
(MC) in acute asphyxia deaths and to assess whether this role is connected to vessel reaction to O2 
deprivation.  
 
MC reside in several tissues, in which they are involved in innate and acquired immunity [3]. 
Moreover, they play a role in various physiological and pathological processes, such as tissue 
remodelling, angiogenesis and tumor growth [4 – 5], anaphylaxis and allergic inflammation [6-7]. 
Studies indicate that they are also involved in various conditions not related to hypersensitivity [8], 
including those associated with local hypoxia, such as asthma, rheumatic diseases, arthritis [9-10] 
and some types of cancer [11].  
Although it is not clear how hypoxia affects MC function and activation, the literature contains 
reports supporting a role of MC in the development of hypoxia-induced inflammation [12-13]. 
Pulmonary vasoconstriction induced by hypoxia is a physiological mechanism that optimizes the 
imbalance between ventilation and perfusion in the lungs during acute hypoxia [14]. Hypoxia in 
tissues leads to a marked MC activation and to the release of proteolytic enzymes, such as serine 
proteases [tryptase, chymase and metalloproteases, angiogenic factors and growth factors that 
mediate the destruction and remodelling of tissues [15]. In animal models and in humans this 
happens in a plethora of physiological and pathological conditions [16], such as airway remodelling 
in asthma [17], myocardial hypertrophy [18], chronic liver diseases [19], chronic pancreatitis [20], 
and pulmonary vascular remodelling in chronic hypoxia [21].  
The role of MC in the remodelling of lung vessels exposed to chronic hypoxia as well as in 
pulmonary hypertension has been investigated in previous experimental studies [16, 22-25]. 
Hypoxia produces oxidative stress [26], which plays a critical role in the pathogenesis of hypoxic 
pulmonary hypertension [27]. Administration of antioxidants in the early stages of exposure to 
hypoxia attenuates the structural remodelling of peripheral lung vessels and the development of 
hypoxic pulmonary hypertension [28]. A high number of MC containing collagenase is found in the 
artery walls of remodeled lungs [29]. These findings point to a potential correlation between the 
reaction of vessels and MC in the lung response to hypoxia, which may prove useful in the field of 
forensic pathology.  
Lastly, the typical distribution of MC in areas affected by chronic hypoxia (e.g. fibrotic areas of 
lungs), as well as their involvement in various inflammatory reactions, indicates that MC activation 
is induced by an insufficient oxygen supply.  
Few studies have investigated the role of MC in acute asphyxia. Edston et al. [2] found an increase 
in MC tryptase haematic levels in the femoral blood of subjects who died as a result of acute 
mechanical asphyxia, and Fineschi et al. [30] documented a similar increase in heroin-related 
deaths in which acute hypoxia was believed be involved. 
On the basis of these observations, we decided to investigate, by means of an 
immunohistochemical analysis, the presence, number and distribution of pulmonary MC in deaths 
due to acute asphyxia. If confirmed, the correlation between MC and acute asphyxia may be of 
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help to forensic pathologists when a differential diagnosis between acute asphyxia and other kinds 
of death is requested by the court.  
The CD117 (c-Kit) is a tyrosine kinase transmembrane receptor expressed, in its full-length form, 
on the surface of MC, melanocytes, some hematopoietic stem cell progenitors, [31-32] and germ 
cells, and in its truncated form (TR-Kit), in the haploid male germ cells during spermatogenesis, in 
ejaculated human sperm cells [33] and by several human cancer cell types [34]. Metz [13] 
demonstrated the potential involvement of c-kit positive cells in idiopathic pulmonary arterial 
hypertension (IPAH) by promoting the accumulation and degranulation of perivascular MC in the 
lungs. The tyrosine kinase inhibitor (imatinib) may therefore be a good therapeutic target in 
pathological conditions characterized by pulmonary hypertension (chronic obstructive pulmonary 
disease, idiopathic pulmonary fibrosis, idiopathic pulmonary arterial hypertension) [35-36].   
 
 
 
Materials and methods 
 
Cases 
 
Forty-seven medico-legal autopsy cases examined at the Department of Anatomical, Histological, 
Legal Medical and Orthopaedic Sciences of the Sapienza University of Rome, Italy, between 24 and 
72 hours post-mortem or, in cases of drowning, between 24 and 72 hours after the discovery of 
the corpse, were examined. Primary pulmonary diseases were excluded by histological 
investigations. Causes of death were based on routine macromorphological, histological and 
toxicological findings. The cases were divided into two groups as follows: group 1 which included 
cases who had died of asphyxia/hypoxia (AHC) [total n=35: drowning (n=11), hanging (n=5), 
strangulation (n=4), smothering (n=3), aspiration (n=6), carbon monoxide (CO) intoxication (n=3), 
pneumonia (n=3)], and group 2, which served as a control group (CC) and contained the remaining 
11 cases who had died of either head trauma due to gunshot or traffic accident in which the death 
occurred rapidly (n=3) or natural death without agony and signs of lung and cardiac involvement 
(n=8). One anaphylactic death was used as a positive control case. The cases of pneumonia were 
included in the AHC group on the assumption that there could be a reaction to hypoxia in the 
areas presenting parenchymal exudates.  
 
Histology and immunohistochemistry 
 
Lung tissue samples from each case, taken from the central and subpleural areas of each lobe, 
were fixed in 10% neutral-buffered formalin solution for 3 to 5 days, dehydrated by alcohol and 
paraffin-embedded; 5μm-thick paraffin-embedded sections were cut from each lung specimen, 
mounted on polylysine-coated slides and processed for morphological evaluation using 
hematoxylin-eosin (HE) staining and for immunohistochemistry analysis (IHC) using the polyclonal 

rabbit anti-human CD117 c-Kit (1:400 by Dako) and or human anti-hypoxia-induced factor 1 

(HIF1-:400 clone ESEE122 by Abnova), as previously described [37, 1]. Briefly, de-waxed and re-
hydrated sections from all lung samples were subjected to the antigen retrieval procedure using 
Tris-EDTA citrate buffer pH 7.8 for 15 minutes in microwave and, after quenching endogenous 
peroxidase and blocking non-specific binding sites, incubated with the primary antibody for 1 hour 
at room temperature (RT). After washing, sections were processed using the avidin-biotin 
peroxidase complex (ABC) procedure, according to the manufacturer’s instructions (UltraTek HRP 
Anti-Polyvalent kit, ScyTek Laboratories). Negative control experiments were performed using 
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rabbit IgG isotype or by omitting the primary antibodies. Peroxidase activity was revealed by using 
3,3-diaminobenzidine tetrahydrochloride (Roche, Milan, Italy), after which nuclei were quickly 
counterstained with Mayer’s hematoxylin (Sigma-Aldrich, St. Louis, MO, USA). Slides were 
permanently mounted in DPX Mountant for histology (BDH, Milan, Italy) and observed by light 
microscopy (Zeiss, Axioskop 2 Plus) at low (10-20x) and higher (40x) magnification. 
 
Analysis of immunohistochemical staining 
 
Five random microscopic fields of 1.76 mm2 for each immunostained tissue section were assessed 
by an observer, using ×10 and ×40 original magnification. Total MC count was performed by 
considering the position of each MC, whether peri-bronchial, peri-alveolar and peri-vasal. Peri-
vasal MC were counted by dividing vessels in pre-capillary arterioles/post-capillary venules 
(defined as small-caliber vessels), arterioles/venules (defined as medium-caliber vessels) and 
arteries/veins (defined as large-caliber vessels). Fibrotic areas were not considered because MCs 
are abundant in fibrotic lungs in both animal models of fibrosis and in diseased humans [38-42]. 
The hematoxylin/eosin-stained sections for each case were also examined. 
 
Immunofluorescence analysis 
 
For the double immunofluorescence analysis at laser scanning confocal microscopy, 5µ-thick 
sections from two representative lung tissue samples (one from a hanging and one from 
smothering case) were de-waxed twice by toluene immersion, hydrated through a descending 
alcohol scale and treated in microwave for antigen retrieval using citrate-EDTA buffer pH 7.8, as 
described in the previous paragraph. Briefly, after cooling at room temperature (RT), sections 
were rinsed in 1x PBS buffer, incubated in 1M glycine for 30 min and permeabilized for 30 min 
using 1x PBS/1% BSA /0.1% Triton X-100 solution, as previously reported [43]. In order to perform 
non-specific binding blocking of primary antibodies, sections were then pre-incubated in PBS 
containing 5% pre-immune donkey and goat serum, 1% BSA, 0.1% Triton X-100 at room 
temperature for 1 hour under constant shaking. Sections were then incubated at RT for 2 hours 
with the two following primary antibodies: 1:300 diluted polyclonal rabbit-anti human CD117 (by 
Dako) and 1:400 diluted mouse anti-human hypoxia-induced factor 1-α (HIF-α) monoclonal 
antibody (1:1000 clone ESEE122 by Abnova). After washing, sections were incubated with donkey 
anti-mouse Cy3-conjugated (Jackson Immuno research Laboratories, Newmarket, UK) and goat 
anti-rabbit AlexaFluor 488-conjugated (Jackson Laboratories) secondary antibodies. Nuclei were 
stained with 1:5000 diluted TOTO-3 dye (Molecular Probes T-3604, Invitrogen) and slides mounted 
using Vectarshield mounting medium (Vector). Parallel immunostaining reactions were performed 
using two lung samples from the CC group (1 head trauma and 1 natural death); negative control 
experiments were performed by omitting primary antibodies. Specimens were observed under a 
Leica laser scanning microscope TCS SP2 and images were acquired with Leica Confocal Software 
(Leica, Milano, Italy).  
 
Statistical analysis 
 
Data were summarized  by mean, median, standard deviation. We used Mann Whitney test to 
compare the two groups. The p values are 2-sided; a p value <0.05 was considered statistically 
significant. All computations were carried out using STATA v.12. 
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 Results 
  
Statistical analysis 
  
A Mann Whitney test performed on the whole group (regardless of the cause of death, but divided 
in cases or controls) (Table 1) was statistically significant for the MC of peri-medium-caliber 
vessels. 
Mean values of peri-vasal c-kit+ MC for each cause of death reveal  a statistically significant 
increase in the AHC group, particularly in hanging, strangulation and aspiration (Table 2).   
 

 
Morphological analysis 
 
Local atelectasis and/or local emphysema and alveolar capillary congestion were found in the lung 

samples of both controls and asphyxia deaths. Varying degrees of intra-alveolar hemorrhage 

associated with intralveolar edema and intra- and interstitial alveolar edema were detected in the 

asphyxia, CO intoxication and pneumonia cases (data not shown).    

 
Immunohistochemical analysis 
 

In all cases, c-kit+ MC were typically present in the peri-bronchial and fibrotic areas. In the 

anaphylactic case, used as positive control, c-kit+ MC were, as expected, particularly abundant in 

peri-vascular and peri-bronchial regions, thus attesting to the good specificity and sensitivity of the 

IHC reaction.  

The statistical analyses comparing the AHC and CC groups revealed a higher number of c-kit+ MC in 

peri-vascular, subpleural and peri-alveolar regions in the AHC than in the CC group. Moreover, the 

number of perivasal c-kit+ MC was significantly higher in hanging, aspiration and strangulation 

cases than in the CC group (table 2) (Fig. 1). Lastly, the number of peri-bronchial c-kit+ MC was  

significantly higher in aspiration and pneumonia cases than in other deaths.   
 
Immunofluorescence analysis  
 
Double immunofluorescence analysis for the c-Kit receptor and HIF1-α factor performed in two 

representative lung samples (i.e. one from a hanging and one from a smothering death case) 

revealed that pulmonary MC, identified by their positivity for the c-Kit transmembrane receptor, 

always displayed a strong fluorescence for HIF1-α protein. In most of the MC, the two 

immunofluorecence colours co-localized well, as shown in Figures 2 and 3. As expected, double 

positive MC were observed in peri-vascular and peri-airway areas, which were often located near 

blood vessels displaying HIF1-α positive endothelial cells or adjacent to other HIF1-α positive cell 

types. This finding demonstrated the presence of a severe and strongly widespread hypoxic/acute-

asphyxia stimulus. The MC from the lung samples of two control cases in the CC group did not test 

positive for HIF1-α (fig. 4), while specific signals were never detected in negative control reactions, 

which were performed by omitting primary antibodies. 
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DISCUSSION 
 
The mechanisms that take place in the lungs following an asphyxia stimulus are of great 

importance for differential diagnostic purposes in forensic pathology. Although alveolar 

macrophages were the protagonists of a long-lasting dispute concerning protracted asphyxiation 

[44-48], MC have never captured the interest of forensic doctors for reasons other than their 

obvious role in anaphylaxis and their presumed role in drug-related deaths. The growing body of 

knowledge on the role that MC play in numerous clinical conditions (16-21), including pulmonary 

pathologies and even asphyxiation, has been attracting an increasing amount of interest. 

However, evidence is still lacking regarding the role played by MC in acute hypoxic pulmonary 

vasoconstriction. Some investigators have found a higher number of MC in the lungs of chronically 

hypoxic rats. Kay et al. [24] reported that MC do not differ morphologically in chronic 

hypertension, but that their distribution is altered if compared with healthy lungs. Tucker et al. 

[25] determined the influence of chronic hypoxia on MC in six species. They described significant 

changes in the density of MC in lungs of chronically hypoxic pigs, rats and sheep. Moreover, 

Nadziejko et al. [22] demonstrated the effects of alveolar hypoxia on perivascular and peri-airway 

MC populations in cats. After exposure to localized alveolar hypoxia, they observed a 12% 

decrease in the granule content of peri-vascular MC, which was due to alveolar hypoxia rather 

than to systemic hypoxemia. Indeed, airway MC, which are frequently located adjacent to either 

an airway lumen or alveolar space, did not display any response to alveolar hypoxia.  

Our results confirm that even short periods (few minutes) of lack of oxygen in humans (acute 

asphyxia/hypoxia) result in large quantities of MC being rapidly recruited in the lungs; moreover, 

upon being recruited, there are not distributed evenly throughout the tissue, with a higher 

number of MC being observed in peri-vascular areas than in control cases. The increase in the 

number of perivascular MC following acute asphyxia/hypoxia may be triggered by a hypoxic 

stimulus that originates from the vessel walls rather than from the blood.  

Increases in the number of peri-airway MC were only found in deaths due to anaphylaxis and 

aspiration. It may be argued that contact with the alveolar and bronchial walls of antigens in the 

former cases and of foreign material in the latter act as a stimulus that draws MC to this area.   

In addition, chronic hypoxia increases the production of proteolytic enzymes in MC, enabling them 

to split collagen more easily and thereby facilitating the growth of vascular smooth muscle cells. 

Administration of a serine protease inhibitor or MC degranulation blockers, at the onset of 

exposure to chronic hypoxia, attenuates the development of hypoxic pulmonary hypertension in 

experimental animals. Therefore, MC degranulation as well as the release and activation of soluble 

mediators involved in tissue remodelling processes appear to be fundamental in the early phase of 

hypoxia [16].  

Resident cells within the vessel wall were once considered responsible for the increase in the 

thickness of the wall. This role has, however, more recently been ascribed to a population of bone 

marrow cells that differentiate into endothelial cells and c-kit+ smooth muscle cells, which are 

likely to be recruited by the hypoxia-induced mitogenic factor (HIMF/FIZZ1/RELMα), a chemotactic 

agent for bone marrow cells [49-52]. 
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Marrow progenitor cells (c-kit+, tryptase-) and MC (c-kit+, tryptase+) are found in the wall of the 

vasa vasorum of the arteries when idiopathic pulmonary arterial hypertension is present [52]. 

These findings are in keeping the results of our study, which suggest that the vascular system 

responds to the activation and recruitment of MC following hypoxia by increasing the number of 

peri-vasal MC. 

What remains unclear is how MC reach the pulmonary vessels so rapidly in acute 

asphyxia/hypoxia? It has been reported that the marked increase in lung MC progenitors (MCp) is 

due above all to recruitment, and that diapedesis can only occur when α4β7 integrins are 

expressed on MCp and interact with endothelial VCAM-1 [53]. In this regard, the migration of MCp 

appears to be mediated by adhesion molecules, and in particular by β7 integrin present on MC and 

MAdCAM-1 and VCAM-1 expressed by the endothelium [54]. The recruitment of MCp in the lungs 

is exclusively dependent on VCAM-1 binding or function [55]. 

In mice exposed to hypoxia, alveolar macrophages secrete MCP-1/CCL2 (monocyte 

chemoattractant protein-1/Chemokine CC motif ligand 2), which activates MC and triggers an 

inflammatory response that promotes microvascular endothelial migration of circulating 

leukocytes [56]. MCP-1/CCL2 is also involved in the recruitment of bone marrow progenitors, 

which adhere to the endothelium by binding to the α4β7-integrin, which is in turn expressed on 

the surface of the MC progenitors (MCp)[55], i.e. on the VCAM-1 adhesion molecule, whose 

expression in the endothelium is promoted by the interaction between CCL2 and CCR2 [54]  (Fig. 

5). After one day of exposure to an aerosolized allergen, the number of lung MC in CCR2-\- mice is 

significantly lower than in CCR2+\+ mice [55].  

 

A key regulator to hypoxia response in MC is believed to be HIF-1α, whose expression in human 

MC is increased by hypoxia; this observations lends further support to the hypothesis of a 

molecular network between HIF1-α and MC [57]. It is also noteworthy that a statistically 

significant association between HIF1-α expression, tryptase expression and the presence of brain 

edema has been demonstrated in brain tissue in hypoxic conditions [58]. 

Histamine released by MC appears to stimulate HIF1-α, which in turn triggers neo-synthesis in MC 

of many mediators of remodelling processes and neo-angiogenesis [59]. Lastly, increased 

expression of HIF1-α activates human MC in hypoxic conditions [60]. The results of the double 

immunofluorescence analysis in our study further suggest that there is a correlation between 

HIF1-α and MC. Indeed, two representative lung samples from the AHC group showed that the 

peri-vasal c-kit+ MC were also HIF1-α positive at confocal microscopy. 

After showing that HIF1-α is expressed on pulmonary vessels in subjects who died of asphyxia in a 

previous paper [1], in the present study we show that c-kit+ MC are in some cases also located 

around HIF1-α+vessels.  

It may be argued that the secretion of alveolar macrophage MCP-1/CCL2 following acute asphyxia 

attracts MC progenitors that bind to the endothelium of pulmonary vessels. In hypoxic conditions, 

the HIF1-α factor increases in both MC and endothelial cells. These mechanisms may explain both 

the quantitative increase in MC that emerges from the present paper as well as the increase in 

HIF1-α expression observed in pulmonary vessels of varying calibre reported in our previous paper 

[1]. 
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Although the case number for each subgroup is low,  It is noteworthy that hanging deaths, which 

were all complete hangings, yield statistically significant results as regards the number of both 

HIF1-α+ pulmonary vessels and perivascular CD117+ MC, which further highlights the importance 

of the role played by both vessels and MC in acute asphyxia death.  

 

CONCLUSION 

 

Hypoxia in animal models induces the mobilization and recruitment of c-kit+ cells in remodelled 

pulmonary arteries. In the present study, we observed that the number of c-kit+ MC was higher in 

subjects who had died of asphyxia than in controls, particularly in the proximity of vessels in 

pulmonary samples. Our results suggest asphyxia is followed by an immediate, large-scale 

recruitment of perivascular MC in the lungs that is mediated by HIF1-α activation, as well as by 

other specific chemotactic soluble macropaghe-derived molecules. These findings highlight the 

potential role played by MC in acute hypoxic conditions, which deserves further investigation as a 

pathognomonic histological event that may prove useful in the differential diagnosis of acute 

asphyxia deaths.   
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Fig. 1  Respect to anaphylactic death, were c-kit+ MC were abundant in peri-vascular and peri-
bronchial regions (1A), in hanging (1B) and aspiration (1C) the number of perivasal c-kit+ MC was 
significantly higher than in the CC group (CD 117, 20 x)                          
 
Fig. 2. Double immunofluorescence analysis for the c-Kit receptor and HIF1-α factor, merged with 

confocal microscopy, performed in a representative lung sample of a smothering death and 2B 

hanging death). Pulmonary c-kit + MC (green) always display a strong fluorescence for HIF1-α 

protein (red). Double positive MC (yellow) are observed in peri-vascular and peri-airway areas, 

located near blood vessels displaying HIF1-α positive endothelial cells or adjacent to other HIF1-α 

positive cell types.  

Fig. 3. As in figure 2, a representative lung sample of a hanging death  shows double positive MC 

(yellow). 

Fig. 4. In a control case (cardiac death) a c-kit+ MC (green) does not express HIF1-α. Lung 

parenchyma does not express HIF1-α. 

  

Fig. 5. Hypothesis for the rapid increase of MC in lungs after acute hypoxia stimulus. The secretion 
of alveolar macrophage MCP-1/CCL2 following acute asphyxia activates MC, and attracts MC 
progenitors that bind through α4β7-integrin to VCAM-1+ endothelium of pulmonary vessels.  
 

 Table 1: Mann-Whitney Test ( *= statistically significant value) performed on both cases and control 
groups. 
 

Table 2: Mean values of peri-vasal c-kit+ MC for each cause of death using Mann-Whitney test  
(NS= not statistically significant). Mean values of peri-vasal c-kit+ MC for each cause of death 
reveal  a statistically significant increase in the AHC group, particularly in hanging, CO intoxication 
and aspiration. 
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Cases: 
median 
value 

Controls: 
median 
value 

P 
value 

Peri-small-caliber vessel MC  7 5 
0.483 

Peri-medium-caliber vessel MC 2 0 0.016* 

 
Peri-large-caliber vessel MC 
 

0 0 
0.240 

Total peri-vessel MC 17 7.5 
0.140 

Peri-alveolar MC 2 1 
0.444 

Peri-bronchial MC 0 0 
0,113 

 

Table 1



 
Small 
vessels 

Medium 
vessels 

Large 
vessels 

Air 
cell 

Bronchi 
All vessels 

HANGING      
 

p value NS 0.001 0.025 NS NS 0.007 

ASPHYXIA      
 

p value NS NS NS NS NS NS 

ASPIRATION      
 

p value NS 0.023 NS NS 0,003 NS 

INTOX CO      
 

 p value NS NS NS NS NS NS 

DROWNING      
 

 p value NS NS NS NS NS NS 

STRANGULATION      
 

p value 0.042 NS NS NS NS NS 

PNEUMONIA      
 

p value NS NS NS NS NS NS 

CONTROL CASES       

p value NS NS NS NS NS NS 
 

Table 2
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