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Abstract

Electrophilic attack of hypochlorous acid on unsaited bonds of fatty acyl chains is known
to result mostly in chlorinated products that shoytotoxicity to some cell lines and were
found in biological systems exposed to HOCI. Thiglg aimed to investigate more deeply
the products and the mechanism underlying cytotiyxiof phospholipid-HOCI oxidation
products, synthesized by the reaction of HOCI| wittstearoyl-2-oleoyl-, 1-stearoyl-2-
linoleoyl-, and 1-stearoyl-2-arachidonyl-phosphgtitioline. Phospholipid chlorohydrins
were found to be the most abundant among obtainedupts. HOCI-modified lipids were
cytotoxic towards HUVEC-ST (endothelial cells), degg to a decrease of mitochondrial
potential and an increase in the number of apaptatis. These effects were accompanied by
an increase of the level of active caspase-3 asplsa-7, while the caspase-3/-7 inhibitor Ac-
DEVD-CHO dramatically decreased the number of apoptcells. Phospholipid-HOCI
oxidation products were shown to affect cell pegiition by a concentration-dependent cell
cycle arrest in the g85; phase and activating redox sensitive p38 kinaSdie redox
imbalance observed in HUVEC-ST cells exposed to ifisad phosphatidylcholines was
accompanied by an increase in ROS level, and aedserin glutathione content and

antioxidant capacity of cell extracts.

Supplementary keywords: phosphatidylcholine, hypwolus acid, apoptosis, redox

imbalance, atherosclerosis



Introduction

Programmed cell death is documented to be invalvede initiation and the course of many
human diseases; for example, endothelial apoptsis perturbation have been found in
allograft vasculopathy, hypertension, congestivearthefailure, primary pulmonary
hypertension and sepsis [1]. This process is dlsaght to contribute in the formation of
atherosclerotic plaques in the early stages ofrasiaerosis [2-4]. Apoptotic endothelial cells
have been demonstrated to release IL-1 and adhesiecules, as well as to have reduced
production of NO and prostacyclins, leading to @kt and neutrophil activation [1]. A
number of reports have suggested that oxidativedgified low density lipoproteins (ox-
LDL) are pro-apoptotic factors and can be consilleas one of the many risk factors in
atherosclerosis [5, 6]. In particular, modificasoof the protein and lipids of the LDL fraction
accelerate its uptake by macrophages, resulticgmwersion of these cells into foam cells [7,
8]. Oxidation of LDL components has been attributedhe action of reactive oxygen and
nitrogen species, released mainly by activated @t cells. However, the presence of
active myeloperoxidase in the atherosclerotic pgggand the detection of 3-chlorotyrosine
residues have attracted the attention to the pessite of another oxidant, hypochlorous acid
(HOCI) [9, 10].

HOCI generated during the oxidation of Gl H,O, catalysed by myeloperoxidase (MPO),
mainly inside activated neutrophils, but many dathcate the biological and pathogenic role
of this enzyme outside phagocytes [11, 12]. Thetr@a of HOCI with biological molecules
produces a wide spectrum of oxidized and chlorchgeducts [13]. The presence of lipid
and fatty acid chlorohydrins (alpha-chloro, betahoxy derivatives) among the products
found after red blood cell treatment with HOCI whesmonstrated by studies using thin layer
chromatography (TLC) and antibodies [14]. Jerlictd &o-workers used electrospray mass
spectrometry to identify chlorohydrins of phosptgitholines in LDL following oxidation
with HOCI or the myeloperoxidase system, and fodinat chlorohydrins are the major
products formed at low HOCI concentrations [15]eTiological significance and possible
role of phospholipid chlorohydrins in the pathogeseof atherosclerosis have been
demonstrated recently by Messner et al., who shdlegresence of lysophosphatidylcholine
chlorohydrins in atherosclerotic plaques [16]. Relge fatty acid chlorohydrins have been
found in plasma (2-4M) and white adipose tissue (0.5-4 nmol/mg) witlpezsally high
levels in ascetic fluid (50-25QM) during acute pancreatitis [17]. Although the d&s/ of



phospholipid chlorohydrinsn vivo were not investigated in this study, it is likellyat
correspondingly high levels would also occur inegal/inflammatory conditions.

Several studies have reported adverse effectstgfdaid and phospholipid chlorohydrins on
cells. Early work showed that pre-formed fatty ackdorohydrins caused lysis of red blood
cells, which was thought to involve a physical dpron of the membrane [14]. Our recent
work on this topic has demonstrated that phospitblghlorohydrins are taken up more
rapidly than the corresponding unmodified lipidsrbg blood cells, and incorporated into the
membrane [18]. Phospholipid chloro- and bromohyginvere found to cause toxicity to
human umbilical vein endothelial cells (HUVECSs)tatenined by leakage of chromium from
the cells [19], while in cultured myeloid cells seal phospholipid chlorohydrins were
observed to cause deletion of ATP and loss of Wglsccording to the MTT assay [20]. At
lower concentrations, production of reactive oxygspecies by chlorohydrin-treated
splenocytes and increased of adherence of sples®cyd chlorohydrin-treated artery
segments was observed. However, there is someowendly over the mechanism by which
phospholipid chlorohydrins may cause cell deatlss¥is et al. (2001) concluded that the
mechanism was necrotic, based on a lack of annéxbiinding to chlorohydrins-treated
HUVECSs, whereas Deveret al. (2006) reported th&rohydrins caused an increase in the
levels of active caspase-3, suggesting that apisptasurred at least at certain chlorohydrin
concentrations [19, 21].

The current study was therefore undertaken to tigege in more depth the potential of
phospholipid-HOCI oxidation products to act as ppmptotic and anti-proliferative factors
for endothelial cells, as this could contributehe loss of the endothelial monolayer in early
stages of atherosclerosis. Our study included adlse effect of HOCI-modified
phosphatidylcholines on the intracellular redosxtesand activation of the key redox sensitive
kinase p38, which is implicated in many cellulaogesses (e.g. apoptosis induction and cell
cycle progression). As mentioned above, phosphatdiine chlorohydrins (which are
demonstrated in the current study and previouslyliphied papers [15, 18, 20] as major
products of the reaction between HOCI and phosgyiatiolines) were shown to induce ROS
production in splenocytes, thereby acting as leastive but long-lasting mediators of HOCI
oxidative action. Immortalized Human Umbilical Vdindothelial Cells (HUVEC-ST) were
used as a model -cells.1-stearoyl-2-oleoyl-, 1-stddt-linoleoyl-, and 1-stearoyl-2-
arachidonyl-phosphatidylcholinewere exposed to H@€I described previously, and the
products were subjected to more precise analys& and NMR) in order to confirm high

abundance of lipid chlorohydrins in the mixtureHCl-modified products [18].
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Materials and Methods

Materials:

Annexin V: FITC Apoptosis Detection Kit | and rabbFITC-conjugated anti-caspase-3
monoclonal antibody were purchased from Becton iDssn Pharmingen (Warsaw, Poland).
3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetralum bromide (MTT), ethidiumbromide,
ribonuclease-A, hypochlorite, Mitochondria Stainitgt from Sigma Aldrich (Pozna
Poland). 1-stearoyl-2-oleoyl-sn-glycero-3-phospluticte (SOPC), 1-stearoyl-2-linoleoyl-sn-
glycero-3-phosphocholine (SLPC), 1-stearoyl-2-aidmmoyl-sn-glycero-3-phosphocholine
(SAPC), 1,2-dipalmitoykn-glycero-3-phosphoethanolamine-N-(7-nitro-2-1,34metadiazol-
4-yl) ammonium salt (NBD-phosphatidylethanolaminahd polycarbonate membranes
(0.1pm) were purchased from Avanti Polar Lipids [{®¢, Netherlands), and Sep-FaRlus
C18 cartridges were from Waters (Warsaw, Polandjb&cco’s Modified Eagle Medium
with Glutamax-I, sodium pyruvate and glucose (DMENDptIMEM, fetal bovine serum
(FBS) and penicillin/streptomycin solution were rfrdnvitrogen (Warsaw, Poland), while
Cell-Based ELISA for p38 phosphorylation from R&DK).

The HUVEC-ST (Human Umbilical Vein Endothelial Gelinmortalized by transfection with
both SV40 large/small T antigens and the catabaigunit of human telomerase) cell line was
obtained from Dr. Claudine Kieda (University of @ahs, France), but established and
characterized at University of Rome Tor Vergataescribed by Tentori et al [22]). The cells
were tested periodically for mycoplasm.

Synthesis of lipid chlorohydrins

HOCI-modified phospholipids were synthesized ascdlesd in our previous paper [18].
Briefly, multilamellar lipid vesicles (10 mg/ml) we obtained by 1 min vortexing of a lipid
film with Hank’s Buffered Salt Solution, followedybsonication at 37°C for 15 min and a
further 1 min vortexing. Afterwards, the phosphaliguspension was subjected to HOCI
treatment at pH 6.0 (5 molar excess of oxidantogper double bond) at 37°C for 30 min. The
excess HOCI was removed by passing the mixturaigiir@a reverse phase Sep-pak cartridges
and washing with water (use of the Sep-pak camsddoes not significantly alter the
phospholipid profiles of the preparation and presiavork demonstrated that lipid effects
cannot be attributed to contaminants leaked froenddwrtridges). Lipids were recovered by
successive application of methanol, chloroform:tmaetl (1:1) and chloroform, and organic
solvents were evaporated under argon. The puiiicgirocess did not affect composition of

either unmodified lipids or chlorohydrins. Lipososneadded to cell cultures were



reconstructed in PBS from the total amount of pedlif modified phosphatidylcholines
(chlorohydrins were not separated from the othedaiion products, which occurred in far
lower extent). Prior to addition to cell culturbgetsuspension of liposomes was subjected to
21 cycles of extrusion (polycarbonate membrane |[0nd) in order to obtain unilamellar
liposomes [23]. As purification of phospholipid-HOGxidation products from the excess of
unbound hypochlorous acid followed by liposome nstibution from organic solvents may
result in the loss of lipids, the concentrationpbbspholipids was quantified each time with
ammonium ferrithiocyanate [24]. Unmodified, non4fied lipids were used as appropriate
controls.

To confirm further the conversion of intact unsatad lipids into phosphatidylcholine
chlorohydrins we additionally subjected phosphalipiOCI oxidation products to MS/MS
(tandem MS), facilitated by the use of precurser$sanning and neutral-loss attNMR,

as described in supplementary information.

The incorporation of liposomes into HUVEC-ST celles analyzed using NBD-labeled
liposomes prepared according to a previously desdrimethod [18], which were added to
cells (plated the day before the experiment on akbl96-well plate) and incubated for
selected time periods. After three cycles of waghiith PBS, fluorescence was measured at
485/538 nm.

Cell growth and treatment

HUVEC-ST cells were cultured in OptiMEM supplemeahteith 2% FBS, 50 U/ml penicillin
and 50 pg/ml streptomycin (37°C, 5% gQ@R5, 26]. For each experiment, cells were seeded
24 h before liposome addition at the density of 4ébs/mnf (which corresponds to 5000
cells per well on a 96-well plate). The cell depsand lipid: cell ratio was the same in all
experiments. Liposome suspension in PBS was aduéldet growth medium in which the
cells were being cultured and immediately mixedtigen

Deter mination of cytotoxicity

The cytotoxicity of unmodified and modified phosptgicholines in the culture of HUVEC-
ST cells was estimated on the basis of the DNAamntwvhich corresponds to cell number.
After 24 h cell incubation with lipids or lipid obohydrins on a 96-well black plate, cells
were washed, lysed, RNA was digested with RNAse r@ndiined DNA was stained with
propidium iodide as described previously [27].

Deter mination of mitochondrial potential

Mitochondrial potential was estimated using the 13Based Mitochondria Staining Kit

(Sigma Aldrich, Pozng Poland) according to the manufacturer’s instardi Fluorescence
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was measured using a LSR Il Flow Cytometer andrdtie between red (FL-2) and green
(FL-1) fluorescence corresponded to the mitoch@hdoiotential [28]. Valinomycin (0.1
pag/ml) was used as a positive control for dissigathembrane potential [29].

Detection of apoptosis and necrosis

Annexin V: FITC Apoptosis Detection Kit was emplay#r quantification of the apoptotic
and necrotic cell population after 6 h cell incubatwith liposomes. The procedure of
staining was carried out according to the instondi provided by the manufacturer. Cell
fluorescence was analyzed in an LSR 1l BD Flow @Gwter. Cells emitting weak green and
weak red fluorescence were classified as living {hpse emitting strong green and weak red
fluorescence as early apoptotic (EA), cells engttstrong green and strong red as late
apoptotic (LA), and those emitting weak green amdng red fluorescence as necrotic (N)
[30, 31].

To confirm the contribution of caspase-3 and casfyato apoptosis evoked by liposomes,
cell incubation with liposomes was preceded with la cell pre-treatment with the caspase-3
and caspase-7 inhibitor - Ac-DEVD-CHO (10 pM). Tpeesence of the caspase inhibitor
alone did not affect cell viability (data not shgwn

Deter mination of caspase-3 and caspase-7 active forms

After 6 h incubation the cells were trypsinizedefil with cold 1% formaldehyde in PBS on
ice for 15 min, permeabilized in 0.1% Tween in PBS7°C for 30 min and stained with the
FITC-conjugated anti-caspase-3 antibody for 1 h. &stimation of active caspase-7 the
combination of primary anti-caspase-7 (10 pg/mih,lroom temperature) and secondary
FITC-conjugated antibody (4 ug/ml, 1 h, room tenapare) was used. Cells were washed 4
times with a 10-fold excess of 1% BSA in PBS to eemthe excess of unbound antibodies.
The fluorescence of the cells was read on a LSRdW Cytometer at excitation 488 nm,
emission 530 nm.

Cell staining with Hoechst 33342

After 6 h incubation with parent or HOCI-oxidizetigsphatidylcholines (100 uM), the cells
were washed twice with PBS and stained with 10 pdédtist 33342 in PBS for 15 min at
37°C in the dark. Cells were observed using a @soence microscope (Olympus IX70,
Japan; magnification 40x) and were discriminatedthen basis of intensity of fluorescence
and chromatin structure: cells emitting no fluomsme were recognized as living, those
emitting strong, bright fluorescence and demonsigatondensation of chromatin as early
apoptotic, cells with bright chromatin distributéml apoptotic bodies as late apoptotic [32,
33].



Analysis of thecell cycle

The proliferation ability of cells incubated witipbsomes for 24 h was estimated on the basis
on the intracellular DNA content as described presly [27]. The fluorescence of cells
stained with propidium iodide was read in an LSBBD Flow Cytometer at excitation 488
nm and emission 633 nm. Cell distribution ig&, S and GM phases was analyzed with
FlowJo software [34].

M easur ement of reactive oxygen species production

After 1 h incubation with liposomes, cells were tvad three times with PBS and stained with
5 uM dihydrorhodamine 123 at 37°C for 30 min. Glelbrescence was measured in an LSR
Il Becton Dickinson Flow Cytometer at excitation348m/ emission 530 nm.

The production of superoxide anion by mitochonevés estimated on the basis of MitoSOX
Red oxidation. Briefly, cells incubated with lipases for 1 h were washed once with PBS
and stained with the above-mentioned fluoresceober5 uM) at 37 °C for 15 min. The
excess of probe was removed in three cycles of waihing with PBS and cells were
incubated at 37 °C for further 30 min. Cell flua®sce was measured in an LSR Il Becton
Dickinson Flow Cytometer at excitation 488 nm/ egioa 575 nm.

Deter mination of intracellular glutathione

The intracellular content of glutathione after &dtl incubation with liposomes was measured
with o-phtahalaldehyde as described previously [35]. Jibtathione level was normalized to
protein content determined with the Lowry method.

M easur ement of antioxidant capacity of cell lysateswith ABTS cation radical

Cell lysates obtained after 1 h cell incubation evesed for measurement of antioxidant
capacity (AC) by the ABTS cation radical decolotiaa assay as described previously [35].
The results obtained were standardized to Tfolnd normalized to protein content.

M easurement of cell lysates antioxidant capacity against HOCI

For the estimation of the influence of phosphatiigline and chlorohydrins on the
antioxidant capacity of cell lysates against HO@& Pyrogallol Red based competitive assay
was employed [36]. In brief, different volumes dliclysates (prepared in three cycles of
washing with PBS and centrifugation followed byl dgbis by freezing) were mixed on 96-
well plate with 5 UM Pyrogallol Red solution in 100M phosphate buffer (pH = 7.4).
Addition of HOCI (50 uM) was followed by immediaa@d vigorous shaking. After 5 min the
absorbance was read at 540 nm against a reagekt blae volume providing 50% inhibition
of Pyrogallol Red oxidation was standardized wébpect to ascorbic acid and normalized to

the protein content.



Deter mination of p38 kinase phosphorylation

The index of p38 kinase phosphorylation was detaechiusing an ELISA kit (Cell-Based)
that allows for simultaneous estimation of totaBp®@otein level as well as the level of its
phosphorylated form. The determination of p38 arfuB® was carried out according to the
instructions provided by the manufacturer afteriLiBcubation of cells with liposomes.
Statistical analysis

The values on the graphs are mean + SEM. 3-factalysis of variance (ANOVA) was
performed using the package STATISTICA to determatech factors (lipid chlorination
(non-Chloro vs Chloro), fatty acyl composition dfet lipids (Lipids), and treatment
concentration (Conc) affect the data. The detaibedicome of statistical analysis and
interactions between the factors is included in gkementary Tables, where the notation
"Chloro*Lipid*Concentration” relates to the factombove and is used to indicate the
interaction of 2 or more factors. For example, "P80 Non-chloro vs
Chloro*Lipid*Concentration" indicates that there sva significant difference between the
non-chlorinated and chlorinated lipids, and thedfof the chlorination was dependent both
on lipid type and the concentration.

Results

Cytotoxicity of HOCI-oxidized phospahatidylcholines

Phosphatidylcholines and their modified forms weamh found to be cytotoxic towards
immortalized human umbilical vein endothelial cefisiployed in this study, although the
toxicity was significantly greater with chlorinatecbompared to unmodified lipids. Our
analysis of HOCl-oxidized phospholipids with MS/N8d*H-NMR further demonstrated the
prevailing abundance of phospholipid chlorohydrammong the products of the reaction
between HOCI and phosphatidylcholinésl-NMR spectra demonstrate the loss of vinyl
protons (CH=CH), allylic protons (G&=) and bis-allylic protons (=CCJi&=) in fatty acid
chains of the phospholipids studied, suggestingpteta conversion of parent lipids to HOCI-
modified products (Supplementary Fig. 1). FurthaendS/MS analysis revealed neutral
loss of H°Cl and H'CI (typical for chlorohydrins [37, 38]) and the pemce of chlorohydrin
dehydration products, while only small amountsysblipids were detected (Supplementary
Fig. 2 and 3).

Figure 1 shows the effect of liposomes on HUVEC<®I number as a percentage of the
untreated cells, analysed by the DNA content. 1it lbpa seen that all factors investigated ( i.e.

the unsaturated fatty acyl chains in the phospylatdlines, their conversion into



chlorohydrins, and the concentration administratedcell culture) significantly affected
toxicity of lipids (<0.001 for all factors). The adverse effects of phosplytitbline
liposomes in the culture increased in the sequasdellow: SOPC<SLPC<SAPC, although
liposomes made of unmodified phosphatidylcholinegealed similar rate and intensity of
incorporation into cells (Supplementary Fig. 4).eifhconversion into chlorinated products
enhanced significantly cytotoxicity of these compds, leading to a dramatic reduction in
cell number after 24 h incubation with SAPC-HOQiosomes, but only fusion of SLPC-
HOCI and SAPC-HOCI liposomes with HUVEC-ST cellssnaigmented.
Phosphatidylcholine-HOCI oxidation products demonstrate pro-apoptotic activity

The extent of apoptosis in the cells was determiogctell staining with annexin V and
propidium iodide, followed by analysis of cell fiescence with flow cytometry (Fig. 1B and
1C). Living cells (lower left corner marked withdn PE/FITC dot plots in Fig. 1B), necrotic
cells (upper left corner, N) and apoptotic celle(sum of early — EA and late — LA apoptotic
cells located in lower right and upper right comeespectively) were counted and presented
as bars in Fig. 1C. It was found that the effectipads conversion into chlorohydrins on the
extent of apoptosis and loss of cell viability deged on the lipid type and concentration used
(p<0.001 for Non-chloro vs Chloro*Lipid*Concentrai) and all these factors influenced cell
commitment to apoptosis. Panel 1B demonstratesnttrease in the number of annexin V
positive cells accompanying cell treatment with EABnd SAPC-HOCI. In contrast to
programmed cell death, enhancement of cell necresslted from lipids treatment with
HOCI and from the increase in the concentratiord {p&0.05 for Non-chloro vs Chloro and
p<0.001 for Conc), but irrespectively of lipid type

The mitochondrial membrane potential was analyzethgu the dye JC-1, and this
demonstrated dissipation of the mitochondrial etettemical potential gradient after 6 h
incubation of HUVEC-ST cells with liposomes made pbfosphatidylcholine (Fig 1D). At
higher doses all the chlorohydrins used causedchenmease in the green to red fluorescence
ratio of JC-1. The intensity of the effects obsdnaepended on the lipid type and its
concentration, and was enhanced by addition of H®Glecule(s) to fatty acid chains
(p<0.01 for all considered factors). Moreover, titi&erences between native lipids and
HOCI-modified increased in a concentration-depehaeanner (p<0.05 for Non-chloro vs
Chloro*Conc). A slight drop in mitochondrial potaitwas also observed in cells incubated
with liposomes made of unmodified phosphatidylamedi, but only at the highest doses of
SAPC and SLPC.
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Cell double staining with Hoechst 33342 additiopalbnfirmed the contribution of apoptosis
to the reduction of cell number observed on thdasbak the DNA staining after 6 h cell
incubation with liposomes. The course of programmcetl death was accompanied by
morphological changes of cell nucleus typical foe tourse of apoptosis: condensation of
chromatin and formation of apoptotic bodies in HW/BT cells (Fig 1E). HUVEC-ST cells
exposed to 100 uM SAPC-HOCI for 6 h revealed batlyeand late apoptotic morphology.
Caspase-3 and -7 contribute in the course of HOCI-oxidized phosphatidylcholine-
trigger ed apoptosis

To obtain further evidence for the occurrence aippsis, experiments to measure the level
of active forms of caspase-3 and caspase-7 withifsp@antibodies were carried out, and
demonstrated significant activation of both proésass a consequence of cell treatment with
native and phospholipid-HOCI oxidation productsg(F2A and 2B). The increase in green
fluorescence, which corresponded to the level tf/@acaspase-3, as a consequence of lipid
treatment with HOCI depended also on the lipid tgoel concentration (p<0.05 for Non-
chloro vs Chloro*Lipid*Conc). Similarly to the relési presented above, SLPC and SAPC at
higher doses were able to increase the intracelbalacentration of caspase-3, but the level of
this enzyme was lower when compared to cells tdeai¢h the corresponding HOCI-treated
lipid (p<0.001 for Non-chloro vs Chloro). Similaslgctivation of caspase-7 was enhanced in
response to lipid oxidation with HOCI and the irage in concentration of lipids, but also
lipid composition affected caspase-7 processind. @l for Non-chloro vs Chloro, Conc
and Lipid).

The use of caspase-3/-7 inhibitor Ac-DEVD-CHO ae tfinal concentration of 5 uM
effectively inhibited apoptosis initiated by paremd modified phosphatidylcholine liposome
in HUVEC-ST cells, as determined using flow cytomedfter cell staining with annexin V
and propidium iodide (Fig. 2C), indicating the dalaole of these executioner proteases in
the cells studied.

Phosphatidylcholine modified by HOCI affects cell cycle progression

HOCI-oxidized phosphatidylcholines at the concdidra of 50 uM affected division of
HUVEC-ST cells (Fig. 3). Analysis of the cell cyaliemonstrated a statistically significant
increase in the number of cells iR/G; phase after 24 h cell exposure to all chlorinifgds
used in the studyrartial cell arrest in the f&5; phase was followed by the reduction of cell
populations in S and /B phase.As in the experiments described above, the extetheo
growth inhibition was strongly dependent on theetyyd lipid analyzed, concentration used

and lipid treatment with HOCI (p<0.05 for all). Tlbove-mentioned factors influenced cell
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distribution in G/G;, S and G/M phase and were dependent on each other (p<6raSan-
chloro vs Chloro*Lipids*Conc in all cell cycle phes).

Redox imbalance and activation of p38 kinase as consequences of HOCI-oxidized
phosphatidylcholine action on HUVEC-ST cells

An increased level of reactive oxygen species apamied by the drop of glutathione content
and antioxidant capacity was found after 1 h HUV&C-ell incubation with liposomes
made of phospholipid-HOCI oxidation products (Fi4). Augmented ROS production
estimated with dihydrorhodamine 123 was observel @nsequence of lipid conversion into
HOCI-oxidized products, and differed significanbgtween concentrations and compaosition
of lipids (p<0.001 for all factors) (Fig. 4A). Sikar pattern of changes was also found for the
oxidation of MitoSOX Red probe, which undergoesdaxion upon reaction with superoxide
anion released by mitochondria (Fig. 4B); thereforikochondria can be considered as a
significant contributor to ROS generation obserupdn cell treatment with HOCI-modified
lipids. ROS release from mitochondria was signifita affected by modification of parent
lipids with HOCI as well as by lipid type and contmtions used in our study (p<0.001 for all
factors separately and for Non-chloro vs ChlorottfConc). All these factors influenced
also intracellular concentration of glutathione ti@idant capacity of cell lysates and
phosphorylation of p38 kinase. The first of thg@s@ameters decreased most dramatically
after 1 h incubation of cells with SAPC-HOCI (to998 for 100 uM SAPC-HOCI, when
compared to untreated control) (Fig. 4E). Also udified phosphatidylcholines caused
reduction in the GSH content of HUVEC-ST cells, ke extent of changes observed was
smaller than in cells treated with HOCI-modifiedrfoof lipids (p<0.001 for Non-chloro vs
Chloro). The lysates of cells incubated for 1 hhvHtOCI-modified lipids, but also with their
native forms, demonstrated reduced antioxidant agpéFig. 4C and 4D). Cell treatment
with the above-mentioned compounds decreased isignify the ABTS cation radical
scavenging ability of cell lysates, as well as #imlity to protect Pyrogallol Red against
HOCI-induced oxidation in a lipid, concentratiordashlorination-dependent manner.

To investigate the possible involvement of HOCI dized phospholipids on cellular
signaling, we estimated the phosphorylation of kiB@se, as this is a known redox sensitive
kinase and contributes to a signaling process tegtdi apoptosis. A 1.5 h cell incubation with
modified phosphatidylcholines was found to causgvaiton of p38 kinase (Fig. 4F). An
increased index of phosphorylation (p-p38/p38) wmsd in HUVEC-ST cells exposed to
both unmodified and HOCI-modified phosphatidylchek, but the enhancement of effects

resulting from lipid conversion into the HOCI-maedid form depended on the lipid structure
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and concentration administrated to cell cultureO(p®1 for all factors separately and for

Non-chloro vs Chloro*Lipid*Conc).

Discussion

A possible role for HOCI-modified lipids in pathowsis of atherosclerosis has been
suggested by the demonstration that they occuttharasclerotic lesions, cause increased
leukocyte-endothelial adhesion in arterial segmeantsl may also contribute to formation of
the necrotic core of atherosclerotic lesions owiagheir toxicity [16, 39, 40]. However,
guestions about the mechanism of toxicity to aedfeain. Here, we confirmed the toxicity of
liposomes made of phospahtidylcholine-HOCI oxidatiproducts to HUVEC-ST cells
(immortalized endothelial cells), demonstratingt tbell treatment with modified lipids for 24
h reduced cell number compared to untreated cenbylthe induction of programmed cell
death and growth arrest. Using 3-factor Anova ws alemonstrate that lipid-oxidation
dependent enhancement in cell commitment to apigpasswell in accumulation of cells in
Go/G; phase is affected by lipid type and concentratised (all these factors influenced each
other in both experiments, p<0.05 for Non-chloroGldoro*Lipid*Conc). As we showed in
previously published papers [18, 37, 38], and cardd in the present study, hypochlorous
acid attacked double bonds leading to addition @©f and —OH to two adjacent carbons in
fatty acid chains and formation of the correspogdohlorohydrins. Because the other
products of phosphatidylcholines oxidation with H@@d lysolipids occurred at much lower
concentration, chlorohydrins are considered as atedi of HOCI action in cellular systems.
Previously, there had been conflicting reportstonmechanisms of cell death brought about
by lipid or fatty acid chlorohydrins [19, 21]. Albugh Vissers et al. used the same method as
in our study (annexin V/propidium iodide doublekstag), they did not observe any increase
in the number of early apoptotic cells (annexin &sifive, propidium iodide negative) after
HUVEC treatment with 100 uM oleic acid chlorohydfor 90 min. Moreover, they did not
report the formation of double-positive populatioincells as we did, and most of the cells
showed only red fluorescence, leading to the canmtuthat there was direct necrosis,
accompanied by cell lysis. A possible explanatiosuld be different approaches to
identification of apoptotic cells after annexin Ypidium iodide staining. In this study, we
distinguished between apoptotic (all annexin V wsicells) and necrotic (propidium iodide
positive/annexin V negative cells) populations, lehVissers et al. considered all red

fluorescent cells (also double-stained) as necr&wen using their criteria for apoptosis we
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still obtain a statistically significant increase the number of early apoptotic cells (4.97 *
0.67%, 8.35 £ 1.37%, and 13.65 = 3.85% for SOPC-HGOPC-HOCI and SAPC-HOCI,
respectively). The occurrence of necrosis accordmgVissers et al. was attributed to
disruption of the plasma membrane owing to incaapon of fatty acid chlorohydrins, which
have a more polar and bulky nature than native gihagids. It has also been shown that
conversion of unsaturated phospholipids into cliigdoins results in a stronger incorporation
of liposomes into red blood cells, an increaseimtl lorder, decrease of permeability of the
lipid bilayer in liposomes [18]. A later study reped that SOPC chlorohydrin induced
apoptosis of U937 monocytic cells with the actioatof caspase-3 [21]. In the current study,
increase in the intensity of programmed cell dei#thresponse to phosphatidylcholine
conversion into HOCI-modified analogs was evidemtthe HUVEC-ST cells after 6 h
incubation with lipids; they showed classical, ireqgtly described features of apoptosis,
including dissipation of the mitochondrial membrarmotential, externalization of
phosphatidylserine, activation of caspase-3 angases7, chromatin condensation and
formation of apoptotic bodies. Notably, all these-ppoptotic and pro-necrotic effects were
found after cell incubation with pathophysiologicabncentrations of HOCI-oxidized
phospholipids. The highest concentration used im swdy did not exceed 100 uM
(significant cellular disorders were caused by ltawer doses, around 10 uM for SAPC-
HOCI), while acute pancreatitis triggered in a nouosodel was accompanied by generation
of chlorohydrin reaching a concentration of 250 joMscitic fluid [17].

The liposomes made of SLPC-HOCI and SAPC-HOCI wdermonstrated to incorporate to a
far higher extent than parent phosphatidylcholivasile SOPC, SLPC, SAPC and SOPC-
HOCI revealed a similar rate and intensity of faswith HUVEC cells, but the toxicity
differed significantly between all lipid types, all as between HOCI-treated and untreated
phosphatidylcholines. Thus, the biophysical paransebf liposome bilayer seem to have
limited impact on cell apoptosis and the effectdatfy acid chlorohydrins may differ from
phospholipid chlorohydrins. In the model we studiedtreased cytotoxicity resulting from
phosphatidylcholine oxidation with HOCI was alsgrsficantly influenced by the type of
lipid (Fig. 1A, p<0.001 for Non-chloro vs Chloro*hid). Therefore, the observed effects
seem to depend on the number of HOCI moleculesdat@hosphatidylcholine fatty acid
chains. It is also important to bear in mind thAPE€-HOCI, which had the highest activity,
also contained the highest proportion of lysolipfdp to ~10%). Cytotoxicity of lysolipids
has been reported previously, although it was fdsad that they did not affect membrane

asymmetry and could not contribute to observedreateation of phosphatidylserine [41]. In
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terms of cell membrane localization of HOCI-modifiéipids, the structure of the lipid

molecule is likely to be of crucial importance asmay affect the local membrane
environment. As we demonstrated previously, ane@ase in level of chlorination was
accompanied by an increase in liposome membrardtyigind erythrocyte lysis [18]. Such

alterations in cellular membrane structure or wgHalar membranes may impair or trigger
signaling pathways and intracellular events, gxgptosis.

The key role of caspase-3 and caspase-7 in theseamf apoptosis induced by
phosphatidylcholines-HOCI oxidation products wadi¢ated by the observation that pre-
incubation of the cells with a caspase-3/-7 inbib{tAc-DEVD-CHO) effectively protected
them against programmed death. We found a con¢emirdipid and chlorination-dependent
increase in cell fluorescence corresponding toitiacellular concentration of the active
caspase-3 and caspase-7 after 6 h of incubatiachirgy the highest value for 100 uM SAPC-
HOCI treated cells. This initially does not appear agree with the hypothesis of
concentration-dependent mode of cell death sugggstviously [21], whereby lower doses
of chlorohydrins were thought to induce apoptosml digher doses caused necrosis.
However, in the study by Dever et al., cells wesatied with HOCI-modified SOPC and
SAPC for 24 hrs, which may have allowed the cdalprogress further towards a secondary
necrosis, and could account for the effects obskj2&|.

After 6 h incubation we observed augmented dedfirtbke mitochondrial membrane potential
in a consequence of cell treatment with HOCI-medifphosphatidylcholines when compared
to parent lipids, which was also dependent on tmeentration and type of lipid. It is difficult
to speculate on the mechanism underlying the lbssitochondria function as sufficient and
convincing data have not been published yet, baiptbssibility of oxidized lipid interaction
and incorporation into mitochondria membrane shd@daken into consideration, as a study
on the fluorescently labeled electrophilic lipiddtBGJ showed strong colocalization with
mitochondria and enhanced generation of reactiwgex species from these organelles in
endothelial cells [42]. Furthermore, the oxidizdabgpholipid PazePC was documented to
increase membrane-association of pro-apoptotic @atein, which triggers outer membrane
permeabilization [43]. The HOCI-modified phosphgtatholines studied here led to a
relatively rapid increase in ROS generation by otittndria (observed after 1 h cell treatment
with liposomes), followed by a decline in mitocholadnembrane potential comparied to the
corresponding native lipids. Therefore, the possilxidized lipid cross-talk with
mitochondria may involve many mechanisms. The pl&sin of the mitochondrial membrane

potential is usually followed by the release of-ppmptotic factors, occurring thus as an early
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event of apoptosis leading to activation of effeataspases [44]. Also in case of HOCI-
modified phosphatidylcholines, the loss of mitoctiioa membrane potential was followed by
activation of caspase-3 and caspase-7 and extatiah of phosphatidylserine. Bearing in
mind the rapid production of reactive oxygen spedig mitochondria upon treatment with
HOCI-PC, these organelles seem to play a key mlapioptosis induction in our cellular
model, although the external, cell membrane-assatisignaling routes cannot be excluded.
These findings suggest that phospholipid-HOCI axistaproducts may act also as signaling
molecules affecting cell regulatory pathways. Owperiments further demonstrated
activation of p38 kinase as a result of relativaiprt exposure of HUVEC-ST cells to HOCI-
modified phosphatidylcholine, significantly stromgban that with non-oxidized lipids. This
enzyme, phosphorylated under different types asstre.g. excessive ROS production, was
documented to undergo activation also in cellsextibp to the action of LDL and oxLDL
[45, 46]. When phosphorylated, p38 kinase may dmue to e.g. apoptosis induction,
inhibition of cell proliferation, and pro-inflamatpcytokine release.

Some data have indicated the possibility of p53edépnt apoptosis induced by oxidatively
modified LDL due to the release of reactive oxygpacies (ROS) by disrupted mitochondria
[6]. Thus, the mechanism underlying the triggeraigapoptosis in cells by HOCI-modified
phosphatidylcholines may be similar to that found 6xLDL. Our results confirmed the
enhanced indirect pro-oxidative properties of piasigylcholines upon their treatment with
HOCI in the culture of HUVEC-ST cells. When addexd dell culture, these compounds
caused a decrease in GSH content, accompanieddoge® antioxidant capacity of cell
extracts and elevated ROS level, which seem tdtresstly from impaired mitochondria, as
shown with the MitoSOX Red fluorescent probe. Moexo these compounds have not yet
been found to be reactive or oxidize/chlorinateepthiological molecules, which limits the
possibility of their direct action on the activitf ROS-producing enzymes. Although some
data in the literature point at possible covalenta@ll as non-covalent interaction of lipids
with proteins [47, 48], these findings concern rhostteractions between lipid aldehydes
with nucleophilic centers angp unsaturated carbonyls with thiolate groups.

OxLDL has been found to inhibit the proliferatiom endothelial cells, in contrast to its
growth-promoting effects on smooth muscle cells (&3 and monocyte-macrophages,
although the mechanism involved was not elucidd#8]. Here, we have shown that in
addition to causing apoptosis, phosphatidylcholimeslified by HOCI were found to affect
the proliferation ability of cultured cells, arregf them in G/G; phase. Thus our study has

shown that phospholipid-HOCI oxidized products haftects that could account for the
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oxLDL-induced apoptosis and inhibition of prolifécam observed previously, but further
experiments are necessary to confirm their role.

In summary, our data clearly indicate that HOCIldized phosphatidylcholines at
pathophysiologically relevant concentrations hawnglex cellular effects, significantly
stronger than corresponding non-modified lipids. Akthods utilized in this study support
the conclusion that our modified lipids trigger ppmsis in immortalized endothelial cells in
addition to other cellular disturbances such asxathbalance and proliferation impairment
in a lipid and concentration-dependent manner. dfbee, the pro-apoptotic properties of
these molecules may contribute to the inductioarat/progression of atherosclerosis or other

inflammatory conditions where HOCI-modified lipidse likely to occur.
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Figurelegends

Figure 1. Phosphatidylcholine modified by HOCI triggers apoptosis in cultured
HUVEC-ST célls.

(A) The cytotoxicity of liposomes made of native anddified phosphatidylcholines after 24
h cell incubation was estimated on the basis of@N& quantity which corresponds to cell
number.(B and C) The flow cytometry analysis of cells double stdineth annexin V and
propidium iodide was employed for the estimationpod-apoptotic properties of liposomes
added to the growth medium for 6(B) Annexin V positive cells were assumed as apoptotic
(EA + LA), propidium iodide (PI) positive as nedm(N), while double negative cells as
living (L). Dissipation of mitochondrial potentiéD) in cells exposed to wide range of HOCI-
modified and intact phospholipids concentration @oh was observed on the basis of cell
double staining with JC-1/PI, while the alteratmfrchromatin structurég) in cells incubated
with SAPC-HOCI for 6 h after cell staining with Hdest 33342. Dark cells exhibiting no
fluorescence were assumed as living, brightly fisoent with chromatin condensed as early

apoptotic, while cells with chromatin distributedl @apoptotic bodies were assumed as late
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apoptotic. Results are presented as mean + SEM.\AN@-factor): Significant effects for
panel(A): Non-chloro vs Chloro F=352.8 (p<0.001), Lipids53-0 (p<0.001), Conc F=99.8
(p<0.001), Fisher's PLSD = 11.87; for parf€l): LIVING; Non-chloro vs Chloro F=91.9
(p<0.001), Lipids F=34.9 (p<0.001), Conc F=171 (88Q), Fisher's PLSD = 3.67,
significant effects for APOPTOSIS; Non-chloro vsl@b F=56.2 (p<0.001), Lipids F=27.2
(p<0.001), Conc F=112 (p<0.001), Fisher's PLSD $23significant effects for NECROSIS,;
Non-chloro vs Chloro F=4.71 (p<0.05), Conc F=16(680.001), Fisher's PLSD = 2.26; for
panel (D): Non-chloro vs Chloro F=30.9 (p<0.001), Lipids F3Z (p<0.01), Conc F=39.3
(p<0.001), Fisher's PLSD = 0.03.

Figure 2. HOCI-oxidized phosphatidylcholine-triggered apoptosis proceeds with the
involvement of executioner caspases. caspase-3 and caspase-7

The intracellular level of the active form of casp&8(A) and caspase{B) in cells exposed
to the action of native phospholipids and phospHOCI oxidation products for 6 h was
evaluated using the combination of immunostainind #ow cytometry.(C) Cell incubation
with liposomes (6 h) was preceded with 1 h celatimeent with the inhibitor of executioner
caspase-3/-7 (Ac-DEVD-CHO). Subsequently, cellsenstained and analyzed as showed in
Figure 1B. ANOVA (3-factor): Significant effects for pandA): Non-chloro vs Chloro
F=45.9 (p<0.001), Lipids F=31.0 (p<0.001), Conc ##7(p<0.001), Fisher's PLSD = 27.8;
for panel (B): Non-chloro vs Chloro F=19.0 (p<0.001), Lipids B=% (p<0.001), Conc
F=98.3 (p<0.001), Fisher's PLSD = 15.7

Figure 3. Products of phosphatidylcholines oxidation by HOCI affect proliferation of
HUVEC-ST cdls

Cell cycle was examined after 24 h cell incubatwith liposomes made of parent
phospholipids and modified by HOCI (50 uM) on thasis of DNA content in single cells.
Cells were permeabilized, stained with propidiurdide and analyzed by flow cytometry.
Bars on the figure present the mean = SBMOVA (3-factor): Significant effects for gG;:
Non-chloro vs Chloro F=82.9 (p<0.001), Lipids F8.{p<0.001), Conc F=105.4 (p<0.001),
Fisher's PLSD = 4.46; S: Non-chloro vs Chloro F24<0.001), Lipids F=6.06 (p<0.05),
Conc F=625.1 (p<0.001), Fisher's PLSD = 4.78/M& Non-chloro vs Chloro F=47.1
(p<0.001), Lipids F=7.99 (p<0.01), Conc F=77.2 (©€Q), Fisher's PLSD = 2.48.
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Figure 4. Exposure of HUVEC-ST cells to phosphatidylcholine modified by HOCI
resultsin redox imbalance

Generation of reactive oxygen spedid3 inside cells subjected to the action of liposorioes

1 h was studied using dihydrorhodamine 123 stajniridle release of superoxide anion from
mitochondria(B) with MitoSOX Red. Protection of Pyrogallol Red agd HOCI-induced
oxidation was measured in cell lysates collecteerdf h cell incubation with liposomég€),
while antioxidant capacity (AC) was estimated ore thasis of ABTS cation radical
decolorization(D). Concentration of glutathionfE) was measured spectrofluorometrically
after derivatization witho-phtalaldehyde. The phophorylation index of p38ak& was
determined using cell based ELISA method in celubated for 1.5 h with chlorohydrins
and unmodified lipidgF). Bars on the figure present the mean + SBMOVA (3-factor):
Significant effects for pan€glA): Non-chloro vs Chloro F=84.4 (p<0.001), Lipids B&
(p<0.001), Conc F=43.5 (p<0.001), Fisher's PLSD @21 for panel(B): Non-chloro vs
Chloro F=382.3 (p<0.001), Lipids F=145.3 (p<0.00Cpnc F=326.8 (p<0.001), Fisher’'s
PLSD = 3.48; for pandIC): Non-chloro vs Chloro F=6.15 (p<0.05), Lipids F&B.(p<0.05),
Conc F=25.2 (p<0.001), Fisher's PLSD = 12.6; fongdgD): Non-chloro vs Chloro F=5.41
(p<0.05), Lipids F=11.7 (p<0.01), Conc F=93.7 (¥0.), Fisher's PLSD = 3.54; for panel
(E): Non-chloro vs Chloro F=109.9 (p<0.001), Lipids 485 (p<0.001), Conc F=63.9
(p<0.001), Fisher's PLSD = 1.00; for par(&): Non-chloro vs Chloro F=22.7 (p<0.001),
Lipids F=28.3 (p<0.001), Conc F=51.3 (p<0.001)hErss PLSD = 0.07.
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Supporting Figure 1.H-NMR spectra showing the formation of chlorohydrins from SOPC (a), SLPC
(b) and SAPC (c). In each panel, native lipid is the bottom, red spectrum and chlorohydrin is the top,
blue spectrum. In the native spectra, the multiplet labelled (1) at 5.3 ppm corresponds to the vinyl
protons (CH=CH), the multiplet (2) at 2.8 ppm is bis-allylic protons (=CCH,C=) which is absent in
SOPC, and the multiplet (3) corresponds to allylic protons (CH,C=). These signals all disappear on
formation of chlorohydrins indicating the loss of the double bonds, and other signals corresponding to
CHs and CH,s adjacent to the substituted carbons appear (4 & 5). Phospholipids were prepared in
1:1:2:10 pyridine-ds: DCI in D,O: methanol-d,: chloroform-d; spectra were acquired at 270 MHz and

referenced to tetramethylsilane at 0 ppm.
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Supporting Figure 2. MSMS data for phospholipid chlorohydrins showing characterization by neutral loss (NL) of 36 and 38 Da,
corresponding to loss of H3°Cl and H3’Cl respectively. Panels A & B show SOPC mono-chlorohydrin at m/z 840 and 842
respectively for the HO3°Cl and HO3Cl products. Panels C & D show SLPC chlorohydrins with the bis-chlorohydrins at m/z 890 and
892. Panels E & F show multiple SAPC chlorohydrins, although the tetra-chlorohydrin cannot be observed as the top instrument m/z
is 1000. All chlorohydrin show the presence of dehydration products under the fragmentation conditions used, as described
previously (Pitt and Spickett, 2008, Biochem Soc Trans). No significant formation of lysolipids was observed with SOPC and SLPC,
but a small amount (~10%) of lysolipid at m/z 524 did occur. MS analysis was carried out using direct infusion onto an ABSciex
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5500QTrap, essentially as described previously (Spickett et al., 2011, FRBM).

(E)

20000
SAPC CIOH o127 ) gmon
NL36
15000
*950.66 (1) *984.63 (1)
949.67 (1)
10000 ‘
1946.64 (1)
*930.66 (1) ‘ ‘
5000 | ‘\
) o il {‘ w \H\ ,
[ g D bt w‘»wuw‘“ff"‘ﬁm».mW"V‘wn‘»‘J«“‘HI’M»\"L“W‘f“)"mv‘m UM‘\‘ w‘u Jwv
850 900 950
Mass/Charge, Da
(F)
6000 *950.66 (1)
SAPC CIOH Moss 66 (1)
5000 “
NL38 952.68 (1) 086,67 (1)
4000
2000 951.64 (1)
*948.66 (1)
2000 *914.68 (1)
100Gy \\ \‘J M 'n
0 Haugad it m‘u.‘h\m.‘mw‘\m\,\..w‘mxu»m\"“\\“mw“‘M«mw\«‘«‘w st Ml \\\‘ ‘MM ‘\ 2
850 900 950

Mass/Charge, Da



Intensity

Intensity

%6 A \*840 22
.| A sopccloH
el
EPI 840
7e6
6e6
5e6
4e6
3e6 *524.47
*804.66
2e6
*506.49 *786.65 .
1e6 52048 | | *556.42 *657.59 [ 822,63 (1)
oo \ | Pomar | fu o
500 600 700 800 900
Mass/Charge, Da
AN
7e6 B *890.39
(B)  sLpcC ClOH
Be6 EPI 890
5e6
4e6
3eb
2e6
*854.54
1e6 *506.42 *524.42 24.28 *836.55 *872.52 (1)
| ~N *
*606.2 *707.48 *800.57 p 892.44
ok L i i NN
500 600 700 800 900

Mass/Charge, Da

Supporting Figure 3. MSMS fragmentation profile of
SOPC mono-chlorohydrin at m/z 840 (A) and SLPC bis-
chlorohydrin at m/z 890 (B). SOPC chlorohydrin shows
fragment ions at m/z 524 and 506, corresponding to the
lysolipid retaining stearate, and peaks at m/z 574 and
556 for lysolipid retaining the chlorohydrin modified
chain. SLPC chlorohydrin shows the same fragment ions
for the lysolipid retaining stearate, and peaks at m/z 624
and 606 for lysolipid retaining the bis-chlorohydrin
modified chain. Both parent ions also show characteristic
loss of water (18 Da) and HCI (36 Da). MS analysis was
carried out using direct infusion onto an ABSciex
5500QTrap, essentially as described previously (Spickett
etal., 2011, FRBM).
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Supporting Figure 4. Incorporation of liposomes to HUVEC-ST cells

The fusion of liposomes labeled with NBD with cells was determined on the basis of cell
fluorescence measurement at selected incubation points. Each result shows mean + SEM, n=3.
Significant effects: Non-chloro vs Chloro F=46.8 (p<0.001), Lipids F=10.56 (p<0.001), Time
F=5.40 (p<0.01), Fisher's PLSD = 0.0014



Supplementary Tables. Statistical analysisby 3-factor ANOVA for all thefigures. Univariate tests of
Significancefor Data Vial (prz1l) Sigma-restricted parameterization with effective hypothesis decomposition.
DF = Degrees of freedom; MS = Mean squares; F = Fisher ratio (treatment variance/baseline variance); p =

probability.

Suppl. Table 1A. Statistical analysisfor Fig. 1A (cytotoxicity of
Non-chloro & Chloro lipids)

Suppl. Table 1B. Statistical analysisfor Fig. 1C (Flow cytometry
analysisof Living cellsat 24 hr)

DF MS F p

Intercept 1 1321379 |11959.43 |0.000000
NC/C 1 38976 352.76 0.000000
Lipids 2 5850 52.95 0.000000
Conc 5 11032 99.84 0.000000
NC/C*Lipids 2 2967 26.85 0.000000
NC/C*Conc 5 3007 27.21 0.000000
Lipids*Conc 10 294 2.66 0.004653
NC/C*Lipids*Conc 10 138 125 0.262618
Error 180 110

DF |MS F p
579257 |86031 |0.000000
6185 [91.85 |0.000000
2352 3494 |0.000000
Conc 1156.2 |171.72 |0.000000

Intercept 1
1
2
2

NC/C*Lipids 2 100.7 |14.95 |0.000007
2
4
4

NC/C
Lipids

NC/C*Conc 240.5 35.71 0.000000
Lipids*Conc 89.7 13.32 0.000000
NC/C*Lipids*Conc 35.6 5.28 0.001153
Error 54 6.7

Suppl. Table 1C. Statistical analysisfor Fig. 1C (Flow cytometry
analysis of Apoptosis at 24 hr)

Suppl. Table 1D. Statistical analysisfor Fig. 1C (Flow cytometry
analysis of Necrosis at 24 hr)

DF |MS F p
4532.8 |594.66 |0.000000
42861 |56.23 |0.000000
207.54 |27.23 | 0.000000
Conc 858.78 |112.66 |0.000000

I ntercept 1
1
2
2
NC/C*Lipids 2 81.89 10.74 0.000118
2
4
4

NC/C
Lipids

NC/C*Conc 152.43 |19.99 0.000000
Lipids*Conc 71.81 9.42 0.000008
NC/C*Lipids*Conc 28.12 3.69 0.009980
Error 54 7.62

Suppl. Table 1E. Statistical analysisfor Fig. 1D (mitochondrial
potential)

DF |MS F p
Intercept 1 153.327 |9911.68 | 0.000000
NC/C 1 0479 |30.937 |0.000000
Lipids 2 0109 |7.024 |0.001214
Conc 4 0.608 [39.281 |0.000000
NC/C*Lipids 2 0043 2804 |0.063773
NC/C*Conc 4 0042 [2692 |0.033252
Lipids*Conc 8 0021 1355 |0.220972
NC/C*Lipids*Conc 8 0006 0409 0914148

Error 150 |0.016

DF |MS F p

Intercept 1 423.352 |166.871 |0.000000
NC/C 1 11.948 |4.709 0.034415
Lipids 2 0.071 0.028 0.972432
Conc 2 42.059 |16.578 |0.000002
NC/C*Lipids 2 3.423 1.349 0.268028
NC/C*Conc 2 6.680 2.633 0.081062
Lipids*Conc 4 0.185 0.073 0.990076
NC/C*Lipids*Conc 4 2.247 0.886 0.478692
Error 54 2.537




Suppl. Table 2A. Statistical analysisfor Fig. 2A (Caspase-3

activity at 6 hr)

Suppl. Table 2B. Statistical analysisfor Fig. 2B (Caspase-7

activity at 6 hr)

DF F p DF \MS F p

Intercept 1 |878217.3 |315811 |0.000000 | |!Mtercept 1 |4847645 |8681.90 |0.000000
NC/C 1 |127759 |4594  |o.000000 | |[NC/C 1 [10602 1899 10.0003/9
Lipids 2 |ee220 3101  |0.000000 | LiPids 2 |30457  |5455 [0.000000
Conc 2 |206195 |74.15 0.000000 | | Cone 2_|5486.0 98.25 _ |0.000000
NC/C*Lipids 2 22474 808 0.001261 | |NC/CLipids 2 4045 7.24 0.004919
NC/C*Conc 2 5816.9 20.92 0.000001 NC/C*Conc 2 |1021.7 18.30 0.000046
Lipids*Conc 4 3518.9 12.65 0.000002 | |Lipids*Conc 4 10545 18.89 | 0.000003
NC/C*Lipids*Conc 4 744.4 268 0.047240 NC/C*Lipids*Conc 4 |146.4 2.62 0.069229
Error 36 2781 Error 18 |55.8

Suppl. Table 3A. Statistical analysisfor Fig. 3 (% of cellsin

Suppl. Table 3B. Statistical analysisfor Fig. 3 (% of cellsin S

GG, phase) phase)
DF |MmS F p DF |MS F p

Intercept 1 65798.6 |15751.9 |0.000000 Intercept 1 23495.3 |4882.07 |0.000000
NC/C 1 346.2 82.9 0.000001 NC/C 1 116.66 |24.24 0.000352
Lipids 2 73.3 175 0.000274 Lipids 2 29.15 6.06 0.015193
Conc 1 440.4 105.4 0.000000 Conc 1 120.97 |25.14 0.000302
NC/C*Lipids 2 51.1 12.2 0.001271 NC/C*Lipids 2 20.01 4.16 0.042460
NC/C*Conc 1 346.2 82.9 0.000001 NC/C*Conc 1 116.66 |24.24 0.000352
Lipids*Conc 2 73.3 175 0.000274 Lipids*Conc 2 29.15 6.06 0.015193
NC/C*Lipids*Conc 2 51.1 12.2 0.001271 NC/C*Lipids*Conc 2 20.01 4.16 0.042460
Error 12 42 Error 12 481

Suppl. Table 3C. Statistical analysisfor Fig. 3 (% of cellsin

G,/M phase)
DF |[MS F p

Intercept 1 6416.57 |4963.75 |0.000000
NC/C 1 60.93 47.14 0.000017
Lipids 2 10.33 7.99 0.006226
Conc 1 99.74 77.16 0.000001
NC/C*Lipids 2 7.30 5.65 0.018674
NC/C*Conc 1 60.93 47.14 0.000017
Lipids*Conc 2 10.33 7.99 0.006226
NC/C*Lipids*Conc 2 7.30 5.65 0.018674
Error 12 1.29




Suppl. Table 4A. Statistical analysisfor Fig. 4A (Cellular ROS
production measured by dihydrorhodamine 123)

Suppl. Table 4B. Statistical analysisfor Fig. 4B (Mitochondrial
ROS production measured by MitoSOX red)

DF MS F p DF IMS F p

Intercept 1 |595766.3 |2810.5  |0.000000 | |!ntercept 1 [862992 164255 |0.000000
NC/C 1 17899.7 |84.4 0.000000 NC/C 1 |20087.8 382.3 0.000000
Lipids > |38501 182 0.000048 | | Lipids 2 | 76326 1453 | 0.000000
Conc 2 92298 435 0.000000 Conc 2 |17170.2 326.8 0.000000
NC/C*Lipids 2 1721.6 8.1 0.003064 NC/C*Lipids 2 |4587.6 87.3 0.000000
NC/C*Conc 2 5926.4 27.9 0.000003 NC/C*Conc 2 |5370.8 102.2 0.000000
Lipids*Conc 4 1170.1 55 0.004428 Lipids*Conc 4 121004 399 0.000000
NC/C*Lipids*Conc 4 499.0 24 0.092756 NC/C*Lipids*Conc 4 112128 23.1 0.000000
Error 18 212.0 Error 36 |52.5

Suppl. Table 4C. Statistical analysisfor Fig. 4C (Protection of

pyrogallol red in cell lysates)

Suppl. Table 4D. Statistical analysisfor Fig. 4D (Antioxidant
capacity of cell lysates by ABTS decolorization)

DF |MS F p DF |MS F p
Intercept 1 903558.5 |2026.959 |0.000000 | |Intercept 1 158687.3 |10052.51 |0.000000
NC/C 1 2740.3 6.147 0.020575 | |NCIC 1 85.4 541 0.038341
Lipids 2 1635.3 3.668 0.040727 | |Lipids 2 184.7 11.70 0.001517
Conc 1 112451 | 25.226 0.000039 | |Conc 1 1479.3 93.71 0.000001
NC/C*Lipids 2 13.2 0.030 0.970904 | | NC/C*Lipids 2 474 3.01 0.087456
NC/C*Conc 1 2740.3 6.147 0.020575 | |NC/C*Conc 1 85.4 5.41 0.038341
Lipids*Conc 2 1635.3 3.668 0.040727 | |Lipids*Conc 2 184.7 11.70 0.001517
NC/C*Lipids*Conc 2 13.2 0.030 0.970904 | | NC/C*Lipids*Conc 2 474 3.01 0.087456
Error 24 445.8 Error 12 15.8
Suppl. Table 4E. Statistical analysisfor Fig. 4E (Glutathione Suppl. Table 4F. Statistical analysisfor Fig. 4F
concentration in cell lysates) (Phosphorylation in p38 kinase)

DF |MS F p DF |MS F p
Intercept 1 164861.7 |22014.84 |0.000000 | |Intercept 1 10.73873 |790.6407 |0.000000
NC/C 1 823.1 109.91 0.000000 | |NC/C 1 0.30803 |22.6784 |0.000076
Lipids 2 3335 4454 0.000000 | |Lipids 2 0.38376 |28.2544 | 0.000000
Conc 4 478.5 63.90 0.000000 | |Conc 1 0.69723 |51.3333 | 0.000000
NC/C*Lipids 2 193.9 25.89 0.000000 | |NC/C*Lipids 2 0.13160 |9.6894 0.000823
NC/C*Conc 4 66.2 8.84 0.000011 | |NC/C*Conc 1 0.30803 |22.6784 |0.000076
Lipids*Conc 8 40.8 5.45 0.000036 | |Lipids*Conc 2 0.38376 |28.2544 | 0.000000
NC/C*Lipids*Conc 8 15.6 2.08 0.052156 | | NC/C*Lipids*Conc 2 0.13160 |9.6894 0.000823
Error 60 75 Error 24 0.01358




Suppl. Table 5. Statistical analysisfor Supp. Fig. 4
(Incorporation of liposomes into HUVEC-ST cells)

DF |MS F p

Intercept 1 0.002026 |182.964 |0.000000
NC/C 1 0.000518 |46.774 0.000000
Lipids 2 0.000117 |10.567 0.000157
Time 3 0.000060 |5.400 0.002772
NC/C*Lipids 2 0.000115 |10.401 0.000177
NC/C*Time 3 0.000039 |3.541 0.021346
Lipids*Time 6 0.000008 |0.682 0.664949
NC/C*Lipids*Time 6 0.000015 |1.321 0.266076
Error 48 0.000011




