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Abstract 

Patients with the rare, X-linked, mitochondrial disorder Barth syndrome (BTHS) suffer from moderate to severe 

neutropenia amongst other symptoms. BTHS is caused by mutations in the TAZ gene, encoding tafazzin, which is 

involved in cardiolipin metabolism. Cardiolipin is a phospholipid restricted to the inner mitochondrial membrane and 

is required for the ultrastructural curvature of this membrane as well as for docking certain respiratory chain proteins. 

It has previously been reported that neutrophils from BTHS patients avidly bind annexin V, indicative of phosphatidyl 

serine (PS) exposure, even though the cells displayed no other signs of apoptosis or differentiation defects. In this 

study, we monitored the neutrophils of five BTHS patients over time to investigate mitochondrial properties during 

neutropenic and neutrophil-sufficient periods. We found that the mitochondria in BTHS neutrophils were consistently 

defective and produced an increased amount of reactive oxygen species (ROS). Independent of the mitochondrial 

dysfunction, a linear inverse correlation between the absolute neutrophil cell count and their level of annexin-V 

binding was demonstrated. These findings indicate that BTHS neutrophils may have a higher clearance rate, causing 

the fluctuating and variable neutropenia in BTHS. 

 

Introduction 

Barth syndrome (BTHS; MIM302060) is an X-linked recessive disorder characterized by cardiomyopathy, 

neutropenia and skeletal myopathy as well as 3-methylglutaconic aciduria 1,2. Circulating neutrophil levels in BTHS 

patients may vary between normal and the near complete absence of neutrophils. Neutrophils isolated from the blood 

of BTHS patients avidly bind annexin V, which indicates phosphatidyl serine (PS) exposure, normally considered to 

be a hallmark for apoptosis. However, BTHS neutrophils are not apoptotic and function normally 3. 

 BTHS is caused by mutations in the TAZ gene (formerly G4.5), encoding tafazzin 4-6. Although the function of 

tafazzin has not been completely elucidated, it belongs to a conserved family of acyl transferases and has been shown 

to be involved in cardiolipin remodeling 7-9. Cardiolipin is a phospholipid that is almost exclusively located in the 

inner membrane of the mitochondria. There, it plays an import role in maintaining the strong curvature of the 

mitochondrial inner membrane as well as functioning as a docking lipid for subunits of the respiratory chain 

complexes 10,11. In BTHS patients, cardiolipin levels are strongly reduced and only the monolyso-form of this 

phospholipid is abundantly present 12,13. As a consequence, the mitochondria in BTHS cells lack the characteristic 

curvature of the mitochondrial matrix, and the respiratory chain complexes in BTHS cells are not organized in 

supercomplexes, which normally facilitate electron transport and respiration 10,14-17. 

 Healthy neutrophils rely mostly on glycolysis for their energy provision and were long thought not to contain 

any mitochondria 18. In recent years, it has become clear that these cells do contain mitochondria, which maintain a 

membrane potential (∆ψm), normally associated with respiratory chain activity 19,20.  The respiratory chain consists of 

a series of four electron-transferring protein complexes. The efficient transfer of electrons along this chain of 

complexes relies on the organization of the complexes in larger supercomplexes 17. However, neutrophils do not 

express a number of essential, mitochondrial-DNA encoded, subunits of the respiratory chain complexes and, as a 

consequence, have reduced respiratory chain supercomplex organization 21.  

In the respiratory chain of neutrophils, electrons are not –as in other cells-    transferred linearly from complex 

I and II to complex III and finally to complex IV, in which they are normally bound to molecular oxygen to form H2O. 
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Instead, electrons are mostly directly transmitted to complex III from glycolysis via the glycerol-3-phosphate receptor 

(G3PR). Although complex II, a vital component of the citric-acid cycle, is normally active in neutrophils, complexes 

I and IV are practically absent 21. As a consequence, complex III generates a relatively large amount of reactive 

oxygen species (mROS) 22. However, these ROS are not necessarily harmful for the cell since complex-III-derived 

ROS are known activators of the transcription factor hypoxia-inducible-factor-1 (HIF-1) 23, a potent pro-survival 

signal for neutrophils 24. 

For the present study, we monitored a number of BTHS patients in time to characterize the properties of their 

neutrophil mitochondria. We found an inverse correlation between the absolute neutrophil count in BTHS patients and 

the degree of annexin-V binding. In this way, we have further addressed the implications of the mitochondrial 

dysfunction in BTHS-related neutropenia. 

 

Results 

Neutropenia in BTHS patients 

White cell counts were determined in whole blood of five BTHS patients during the course of the study (Figure 1). 

Overall, the absolute neutrophil counts were significantly decreased in the patients as compared to the controls (Figure 

1A), while monocyte – and to a lesser extent − lymphocyte counts were elevated (Figures 1B and C). Although all 

patients had shown some neutropenic periods, the neutrophil levels in patients 1, 2 and 3 were normal (i.e. above 1.5 x 

106 cells/mL) at several time points during the study. Patients 4 and 5 were consistently neutropenic throughout the 

test period (Figure 1D). No clear pattern of cyclic neutropenia was detected in any of the patients during this study. 

 

 

Figure 1. White-cell counts in BTHS patients.  
A-C) White-cell levels as determined in the circu-
lation of BTHS patients and healthy controls, ex-
pressed as 109 cells/L whole blood. On average, 
the neutrophil levels were significantly reduced in 
the BTHS patients. Both lymphocyte and mono-
cyte counts were elevated. * p < 0.05; ** p < 0.01, 
*** p < 0.001. D: Neutrophil counts in five BTHS 
patients over time. 
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Annexin-V binding inversely correlates with neutrophil levels in BTHS patients 

It has previously been observed that BTHS neutrophils avidly bind annexin V, a marker for phosphatidyl serine (PS) 

exposure 3. With a more sensitive flow cytometer, we determined a wide range in the level of annexin-V binding in 

freshly isolated cells of BHTS patients when expressed as mean fluorescence intensity (MFI) per cell. We sought to 

determine whether the level of annexin-V binding correlated with the circulating neutrophil level in BTHS patients. 

Even though not all BTHS patients displayed elevated annexin-V staining during the course of the study, annexin-V 

binding in BTHS patients was still significantly increased as compared to the controls (Figure 2A). In addition, an 

inverse linear correlation was found between cell count and annexin-V binding (Figure 2B). This suggests that 

increasing levels of PS exposure lead to increased cell clearance, resulting in decreased numbers of circulating 

neutrophils. 

 

Decreased mitochondrial functions in BTHS neutrophils 

Even though neutrophils do not require mitochondrial activity to maintain their energy balance, their mitochondria 

maintain a measurable ∆ψm, which in neutrophils largely depends on complex-III activity of the residual respiratory 

chain 20,21. The ∆ψm in BTHS neutrophils and controls was determined with the fluorescent ∆ψm indicator JC-1. This 

dye forms red fluorescent J-aggregates in charged mitochondria, while the dye is green fluorescent when ∆ψm is low. 

The ratio red/green provides a reliable indication for ∆ψm. In BTHS neutrophils, ∆ψm was consistently lower in than in 

control neutrophils (Figure 3A). Importantly, the neutrophils from BTHS patients still maintained a certain level of ∆

ψm, as demonstrated by the fact that ∆ψm was still decreased by the mitochondrial uncoupler CCCP (Figure 3A).  

Even though neutrophils do not utilize their mitochondria for ATP production, these organelles still control 

lactate production by accepting electrons from aerobic glycolysis via the glycerol-3-phosphate shuttle 21. In BTHS 

neutrophils, the lactate production was significantly higher than in the controls (Figure 3B). ATP levels in resting 

BTHS cells were the same as in control neutrophils, while the cells displayed an increased resistance to mono-

iodoacetic acid (IAA), a potent inhibitor of glycolysis (Figure 3C). These results collectively suggest an increased 

glycolytic rate in BTHS neutrophils. 

 

BTHS neutrophils produce increased levels of mitochondria-derived ROS (mROS) 

Of the respiratory chain, complexes I, III and IV act as the proton pumps that maintain ∆ψm. A fifth complex, the F1/

F0-ATPase, utilizes this proton gradient to produce ATP. In neutrophils, complex III is responsible for maintenance of 

the ∆ψm 21. Since the mitochondria in BTHS patients are defective, as indicated by a lowered ∆ψm, an increased 

Figure 2. Annexin-V binding is 
significantly elevated on BTHS 
neutrophils and correlates with 
cell counts.  
Freshly isolated neutrophils were 
stained with FITC-labeled annexin 
V and subjected to flow cytometry. 
A) Annexin-V binding on BTHS 
neutrophils is, on average, signifi-
cantly higher than on control neu-
trophils. ** p < 0.01. B) The level 
of annexin-V binding correlates 
with the number of circulating neu-
trophils in BTHS patients. R2 = 
0.67. 
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production of mROS was expected. The level of mROS production was determined in freshly isolated neutrophils or 

PBMC by measuring the increase in fluorescence for up to one hour, after loading the cells with the cell-permeable 

ROS-indicator DCFDA/AM (Figure 4). Resting neutrophils display no measurable NADPH-oxidase activity under 

those conditions 22. Indeed, the neutrophils from BTHS patients produced elevated amounts of mROS. This effect was 

less pronounced, albeit still present, in their PBMC. 

 

Increased mROS production does not result in increased extracellular oxidation 

The increased production of mROS in BTHS neutrophils could lead to increased oxidation of the cell. Oxidation of 

phospholipids on the plasma membrane has been suggested as an explanation for the increased annexin-V binding and 

− as a consequence − a potentially increased clearance of BTHS neutrophils 3,26. To determine the oxidation status of 

the plasma membrane, the cells were labeled with the cell-impermeable AlexaFluor633-conjugated maleimide and 

analyzed by flow cytometry. Maleimide specifically binds to reduced thiol groups. Therefore, a high signal for 

maleimide means that the cells are reduced, whereas a low staining indicates oxidation. No significant difference was 

observed between fresh BTHS neutrophils and controls, as far as maleimide staining was concerned (Figure 5). 

During overnight culture the maleimide staining of the cells decreased drastically, indicating increased oxidation of 

Figure 3. Mitochondrial functions are decreased 
in the neutrophils of BTHS patients. 
A) Freshly isolated neutrophils were loaded with the 
∆ψm indicator JC-1 and analyzed by flow cytome-
try. Although ∆ψm in BTHS neutrophils was signifi-
cantly lower than in control cells, the addition of 1 
µM of the uncoupler CCCP reduced this ∆ψm even 
further, to a similar level as in control neutrophils. 
∆ψm is expressed as a percentage of the control, i.e. 
neutrophils from healthy donors. *** p < 0.001; 
n.s., not significant. B) Control (white bar) and 
BTHS (black bar) neutrophils were incubated for 
two hours at 37ºC, after which the amount of lactate 
was determined, expressed as nmol lactate per 106 
cells. Data represent the average (± s.e.m.) lactate 
production of six different patients and controls, 
determined in duplicates. *** p < 0.001. C) ATP 
levels in fresh neutrophils or in neutrophils treated 
for two hours with 100 µM of the glycolysis inhibi-
tor IAA, expressed as pmol ATP per 106 cells. All 
data represent the average (± SEM ATP levels of 
six different patients and controls, determined in 
duplicates.  ** p < 0.01; n.s., not significant. 

Figure 4. Neutrophils and PBMC from BTHS 
patients display an increased production of 
mROS.  
A-B) Freshly isolated neutrophils and PBMC from 
BTHS patients or healthy controls were loaded with 
the mROS indicator DCFDA, after which the in-
crease in fluorescence was measured for one hour at 
37ºC. Data are expressed as the maximum slope in 
relative fluorescent units (RFU) per minute, as deter-
mined over a 20-minute interval during incubation. * 
p < 0.05; *** p < 0.001.  
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the cells during apoptosis. No correlation was observed between annexin-V binding and maleimide staining in fresh 

cells of patients and controls (not shown).  

 

Scramblase activity in fresh neutrophils is increased as compared to PBMC  

The increased staining with annexin V as observed in BTHS neutrophils, while the PBMC are unaffected, could be 

explained by a difference in the activity ratio between the phospholipid translocases that maintain the asymmetric 

distribution of phospholipids in the plasma membrane in both cell types. To determine flippase and scramblase 

activities, freshly isolated control neutrophils and PBMC were loaded with NBD-labeled PS or PC, respectively, and 

incubated for the indicated time, after which the uptake of phospholipids was determined by flow cytometry (Figure 

6). While flippase activity, as determined by NBD-PS uptake, was equal in neutrophils and PBMC, scramblase 

activity, as determined by NBD-PC uptake, was higher in neutrophils. As a result, the scramblase over flippase ratio in 

freshly isolated neutrophils is higher than in PBMC (Figure 6B), albeit still below 1. Thus, a moderate inhibition of 

the flippase or a moderate activation of the scramblase activity has a greater chance to result in PS exposure in 

neutrophils than in PBMC. 

 

Figure 5. Both control and BTHS neutrophils have a simi-
lar level of reduced thiol groups on their surface. Freshly 
isolated neutrophils from healthy control donors and BTHS 
patients were labeled with the AlexaFluor633-conjugated 
thiol-indicator maleimide and analyzed by flow cytometry. A 
high staining with maleimide indicates a reduced surface, low 
staining is indicative for oxidation. No significant difference 
was observed between the neutrophils from fresh controls and 
BTHS patients, but apoptotic cells displayed a significant re-
duction in maleimide staining after 24h of incubation. *** p < 
0.001; n.s., not significant. 

Figure 6. Scramblase and flippase activities in neutrophils vs. PBMC.  A) Activities of the scramblase and the flippase in 
freshly isolated neutrophils (PMN; squares) and PBMC (circles) from healthy donors were determined by the uptake of NBD-
labeled phospholipids (PS (white) for the flippase and PC (black) for the scramblase) on the flow cytometer. B) Ratio of the 
scramblase over flippase activities in neutrophils (PMN; white bar) vs. PBMC (black bar). Scramblase and flippase activities 
were determined by calculating the average speed of PC and PS uptake respectively, in the linear part of the graph in (A). 
Both values were corrected for the theoretical maximum uptake, which is 1 for PS by the flippase and 0.5 for PC by the 
scramblase.In neutrophils, the ratio is markedly higher, indicative of a relatively greater scramblase activity. All data repre-
sent the mean (± SEM of three independent experiments. *** p < 0.001.  
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Discussion 

It has previously been reported that annexin-V binding in BTHS neutrophils does not correlate with the level of 

circulating neutrophils in these patients 3. However, the use of a more sensitive flow cytometer has allowed us to 

redefine our previous findings. In the present study, five BTHS patients were monitored over the course of several 

years. A clear inverse correlation between annexin-V binding and absolute neutrophil count has now been observed. 

In BTHS neutrophils, the mitochondrial defects correlate with an increased mROS production. However, the 

intracellular ROS production in BTHS neutrophils did neither lead to an increase in extracellular oxidation nor 

correlated with the level of annexin-V binding to BTHS neutrophils. It appears that the ability of neutrophils to reduce 

their cell surface has not been affected in BTHS patients. Therefore, it seems unlikely that the presence of oxidized 

phospholipids increases annexin-V binding in BTHS neutrophils, and the best explanation for this latter phenomenon 

seems to be an increased exposure of PS during neutropenia. Although the mitochondrial defects are also present in 

lymphocytes and monocytes, the levels of these cells in the circulation were somewhat increased in BTHS patients as 

compared to the healthy controls. However, no clear correlation between a decrease in neutrophil count and an 

increase in PBMC was observed. The two questions that still remain unanswered are 1) how PS exposure is triggered 

in BTHS neutrophils in the absence of apoptosis, and 2) how this low-level PS exposure leads to apparent increased 

clearance of neutrophils. 

Recently, significant progress has been made towards understanding the recognition and clearance of PS-

positive cells by tissue macrophages 27,28. Not a single receptor, but several surface proteins seem to recognize PS on 

apoptotic cells. In addition, it has also become increasingly clear that macrophages come in different flavors 29. Thus, 

only certain types of macrophages, expressing the right combination of receptors, may be responsible for clearing cells 

that display PS in the absence of other apoptotic markers. This may of course limit a straight-forward interpretation of 

any experiment with in vitro derived macrophages to investigate the phagocytosis of BTHS neutrophils 3. Further 

phenotyping of tissue macrophages in vivo, or other cells that may express PS receptors, will be required before 

conclusions can be drawn about the possibility of clearance of the BTHS neutrophils. 

In normal cells, PS is constantly and passively transported from the inner to the outer leaflet of the plasma 

membrane in a slow process by a phospholipid scramblase, while a fast-acting ATP-dependent enzyme, called flipase, 

is constantly transporting PS back to the inner leaflet. The net result of this reaction is that PS is exclusively found in 

the inner leaflet of the plasma membrane in normal, viable cells 30. Protein-kinase-C-δ (PKC-δ) seems to be a primary 

player in the regulation of PS exposure via the inactivation of the flippase 31,32. It has been suggested that PKC-δ 

activation can be triggered by mROS, via oxidized diacylglycerol 33. Such a mechanism could be present in BTHS 

neutrophils, since their mitochondria display an increased production of ROS. However, this would not explain why 

circulating PBMC, which also produce more mROS, as well as the platelets, do not show any change in PS exposure 

in BTHS patients.  

On the other hand, PKC-δ activation can be triggered by Ca2+, via the activation of calpains 34,35. Calpains, 

Ca2+-dependent cysteine proteases, are permanently active in healthy neutrophils 36. However, when intracellular Ca2+ 

levels rise during neutrophil apoptosis, calpain activity increases 36,37. Mitochondria play an important role in the 

regulation of the Ca2+ homeostasis in neutrophils 38. Through interaction with the endoplasmic reticulum (ER), the 

main intracellular Ca2+ store, mitochondria can act as Ca2+-buffering-organelles. They take up the Ca2+ that leaks from 

the ER, before it is re-absorbed by the ER 39,40. When the ∆ψm is compromised, the mitochondria can no longer fulfill 
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this function. As a result, cytosolic Ca2+ levels rise and calpain activity increases 37,38. Since ∆ψm is lowered in BTHS 

neutrophils (Figure 3), such a scenario also belongs to the possibilities. 

In addition, Ca2+ can inhibit the phospholipid flippase directly, while promoting scramblase activity 30. An 

increased concentration of intracellular free Ca2+ could therefore lead to a higher scramblase activity, relative to the 

flippase, resulting in PS exposure. The scramblase over flippase activity ratio is normally higher in neutrophils than in 

PBMC and this could explain why BTHS patients have PS-positive neutrophils but no PS-positive PBMC (Figure 6). 

After all, while both cell types receive the same inhibitory and activating signals on these enzymes due to increased 

mROS and Ca2+, the relative scramblase activity in PBMC may remain too low to lead to net PS exposure, while in 

neutrophils the balance is slightly tipped towards the scramblase. This hypothesis is summarized in Figure 7, but 

further research has to be done to confirm this hypothesis. 

In conclusion, the increase in annexin-V binding on BTHS neutrophils inversely correlates with cell counts, 

suggesting enhanced clearance of annexin-V-positive cells. This apparent increase in PS exposure cannot be explained 

by mROS alone, since the PBMC in BTHS patients produce more mROS than their neutrophils but do not display PS. 

Moreover, the surface of BTHS neutrophils did not seem to be more generally oxidized. However, the ∆ψm in BTHS 

neutrophils is considerably lower than in control neutrophils. This could potentially lead to increased localized or 

Figure 7. Hypothetical model for PS exposure in BTHS neutrophils.  
In healthy cells (left panel), the activity of the flippase, that transports PS (white circles) to the inside of the cell, is greater than 
the activity of the scramblase, which randomly distributes PS and PC (black circles). The ER constantly leaks Ca2+ into the cyto-
sol, which is mostly taken up by the mitochondria, before it is absorbed by the ER again. The cytosolic Ca2+ concentration 
(indicated by a gray scale) is low. In BTHS neutrophils (right panel), the mitochondria have a reduced Dψm. As a consequence, 
Ca2+ that leaks from the ER is not sufficiently buffered by the mitochondria and the spill-over into the cytosol is increased. In-
creased Ca2+ levels in the cytosol activate the scramblase while inhibiting the flippase. In addition, Ca2+ can activate the flippase-
inhibitor PKC-δ via calpain activity, while PKC-δ can also be activated via mROS. Altogether, this results in an increased PS 
exposure in the BTHS neutrophils.  

 



61 

Chapter 4 

cytosolic free Ca2+ levels in BTHS neutrophils, which can trigger PKC-induced PS exposure via calpain activity or 

directly via inhibition of the flippase and activation of the scramblase. Further study is warranted before definitive 

conclusions can be drawn about this mechanism. Given the rarity of the disorder and the impossibility of culturing or 

storing neutrophils, an experimental model system for myeloid cell development and function is required to facilitate 

more extensive studies on the neutropenia in BTHS. 

 

Materials and methods 

Chemical reagents 
All chemicals were obtained from Merck Biosciences (Darmstadt, Germany), unless otherwise indicated. 
 
Cell isolation and culture 
White blood cell levels were determined in whole blood on an Advia 2120 hematology system (Bayer, Leverkusen, Germany). 
Neutrophils were isolated from the heparinized blood of healthy volunteers or patients after informed consent had been acquired 
according to the Helsinki declaration. All studies were approved by the local ethical committee. The blood was centrifuged over 
isotonic Percoll (Pharmacia, Uppsala, Sweden), and the erythrocytes in the pellet were subsequently lysed, as described 25. 
Peripheral blood mononuclear cells (PBMC) were defined as the cells in the interface above the Percoll layer. Neutrophil 
preparations were typically >97% pure, with the contaminating cells being mostly eosinophils. Cells were cultured at a 
concentration of 5 x 106 cells/mL in Hepes-buffered saline solution (HBSS; 132 mM NaCl, 20 mM Hepes, 6 mM KCl, 1 mM 
MgSO4, 1.2 mM K2HPO4, 1 mM CaCl2, pH 7.4) supplemented with 1% (v/v) human serum albumin (Cealb; Sanquin, Amsterdam, 
the Netherlands) and 5 mM glucose in polypropylene round-bottom tubes of 14 mL (BD Biosciences, Franklin Lakes, NJ, USA). 
Incubations were performed in a shaking water bath at 37ºC.  
 
ROS detection 
Freshly isolated neutrophils or PBMC were incubated in HBSS at a concentration of 5 x 106/mL in the presence of 10 µM 6-
carboxy-2',7'-dichlorodihydrofluorescein diacetate, di(acetoxymethyl ester) (DCFDA/AM [Molecular Probes, Eugene, OR, USA]) 
and the indicated stimuli/inhibitors in a white 96-wells plate (Corning, Corning, NY, USA). This assay has previously been 
demonstrated to specifically detect mitochondria-derived ROS in resting neutrophils 22. The total reaction volume was 125 µL for 
all conditions. Increase in fluorescence was determined every minute on a Genios Plus spectrophotometer (Tecan, Zürich, 
Switzerland) at excitation 488 nm, emission 520 nm, and 37ºC for up to one hour. 
 
Flow cytometry 
To detect PS exposure, cells were labeled for 10 min on ice with fluorescein-isothiocyanate (FITC)-labeled Annexin V (Bender 
Med Systems, Vienna, Austria), diluted 1:500 in HBSS, supplemented with 2.5 mM CaCl2. Annexin-V labeling was followed by a 
single wash step with the same medium, whereupon the cells were resuspended in HBSS 2.5 mM CaCl2 and analyzed by flow 
cytometry on an LSRII flow cytometer (BD Biosciences). Cells were labeled concomitantly with the AlexaFluor633-conjugated 
thiol indicator C5-maleimide (Molecular Probes), at a concentration of 5 µg/mL. 
 To measure the changes in mitochondrial membrane potential (∆ψm), the cells were loaded for 15 min at 37ºC with 0.5 
µM JC-1 (Molecular Probes) in HBSS, containing 1 µM tetraphenyl boron to facilitate entry of the dye into the cells, and were 
analyzed immediately by flow cytometry. To determine a background value for ∆ψm, the cells were incubated with 1 µM CCCP 
(Calbiochem, La Jolla, CA, USA), which is sufficient to completely abrogate ∆ψm. Relative ∆ψm was calculated as a ratio of the 
fluorescent signal in the red (PE-Texas Red) channel over the green (FITC) channel. 
 
ATP and lactate assays 
Freshly prepared neutrophils were incubated for 2 hours at 37ºC in HBSS, supplemented with 5 mM glucose. After incubation, the 
cells were lysed by the addition of 1.5% HClO4 for 10 minutes on ice. Following centrifugation, the supernatant was neutralized 
with an equimolar amount of K2CO3. Insoluble KClO4 was precipitated by quick centrifugation at 4 ºC and the supernatant was 
stored at -80°C. 

ATP levels were determined by adding 100 µL of the firefly luciferase-based adenosine 5′-triphosphate (ATP) assay mix 
(Sigma Aldrich, St. Louis, MO, USA) diluted 1:10 in ATP-assay buffer (5 mM MgSO4, 100 µM EDTA, 100 µM NaN3, 4 mM 
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DTT [DL-dithiothreitol, Sigma Aldrich], in 25 mM TrisHCl, pH 7.8) to 10 µL of the supernatant of the neutralized lysate in a 
white 96-well plate (Corning Life Sciences). Samples were compared with an ATP standard (Sigma Aldrich) treated in the same 
way as the samples. Luminescence intensity was determined immediately on a Spectra Fluor Plus spectrophotometer (Tecan). 

To determine lactate levels produced by the cells, 20 µL of the supernatant of the neutralized lysate was mixed with 100 
µL of lactate assay solution (Trinity Biotech plc, Wicklow, Ireland). After 15 minutes of incubation at room temperature, 
absorbance was measured at 540 nm in a spectrophotometer. 

 
Scramblase and flipase activity 
Freshly isolated neutrophils and PBMC were incubated at 37 ºC at a concentration of 5 x 106/mL in HBSS in the presence of 50 
nM of the fluorescent PS and PC (phosphatidylcholine) analogues palmitoyl-C6-(N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl))-
phosphatidylserine respectively –phosphatidylcholine (NBD-PS/PC; Avanti Polar Lipids, Birmingham, AL, USA). Samples of 
100 µL were taken at the indicated time points and diluted with 200 µL ice-cold HBSS supplemented with 4% HSA to extract 
label remaining in the outer leaflet of the plasma membrane or without HSA to determine total fluorescence. Afterwards, the cells 
were analyzed by flow cytometry on an LSRII flow cytometer (BD). The fraction of the probe incorporated was determined by 
dividing the mean fluorescence of the sample after HSA treatment (internalized probe) by the mean fluorescence of the untreated 
sample (total bound probe).   
 
Statistical analysis and image processing  
Graphs were drawn and statistical analysis was performed with GraphPad Prism version 5.00 for Windows, (GraphPad Software, 
San Diego, CA, USA). The results are presented as the mean ± SEM, as indicated. Data were evaluated by paired, one-tailed 
student’s t-test. The criterion for significance was p < 0.05 for all comparisons.  
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