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Abstract Transfusion-related acute lung injury (TRALI) is
suggested to be a “two hit” event, resulting from priming
and activation of pulmonary neutrophils. It is known that
neutrophil activation may result from infusion of lysophos-
phatidylcholines (LysoPCs) accumulated during storage of
blood components. The aim of our study was to verify
whether the LysoPCs are released into the storage medium of
blood components. We measured the LysoPCs concentration
in the supernatants from stored apheresis platelet concen-
trates (PLTs), packed non-leukoreduced red blood cell
concentrates (RBCs), leukoreduced red blood cell concen-
trates (L-RBCs), fresh frozen plasma (FFP) and donor
plasma (control). Lipids were separated on high-performance
thin-layer chromatography, detected by primulin spray and
quantified by photodensitometric scanning. The LysoPCs
concentration in donor plasma was similar to that in FFP.
During storage the LysoPCs content in PLTs increased
almost two-fold as compared to the fresh isolated platelets. In
RBCs and L-RBCs the LysoPC level was very low or below
detection limit and did not increase throughout the storage
period. According to our observations bioactive LysoPCs
may be considered a neutrophil-activating factor only fol-
lowing PLT transfusions but not RBCs transfusions.
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Abbreviations

CPDA-1  Anticoagulant (citrate, phosphate, dextrose,
adenine)

FFP Fresh frozen plasma

GMP Good manufacturing practice

HLA Human leukocyte antigen

HNA Human neutrophil antigen

HPTLC  High-performance thin-layer chromatography

LysoPCs Lysophosphatidylcholines

L-RBCs Leukoreduced red blood cell concentrates

PLTs Platelet concentrates

RBCs Red blood cell concentrates

SAGM Additive solution (sodium chloride, adenine,
glucose, mannitol)

TRALI Transfusion-related acute lung injury

Introduction

Transfusion-related acute lung injury (TRALI) is the most
common cause of transfusion-related morbidity and mor-
tality (Bux 2005; Goldman et al. 2005; Holness et al. 2004;
Silliman and McLaughlin 2006; Silliman et al. 2009;
Stainsby et al. 2006; Van Stein et al. 2010). The exact
mechanism of TRALI is not yet completely understood
but in most TRALI cases an immune antibody-mediated
mechanism has been implicated. It was first postulated in
1970’s by Ward (1970) and by Thompson et al. (1971) but
the first extended clinical studies were reported by Popovsky
et al. (1983; Popovsky and Moore 1985). Numerous reports
have documented the presence of human leukocyte antigen
(HLA)-specific or granulocyte antibodies in plasma of
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donors of the implicated blood components (Kopko et al.
2002; Maslanka et al. 2007; Reil et al. 2008; Zupariska et al.
2007). In some reported cases however no antibody was
identified therefore an alternative “two hit” mechanism was
postulated. The “first hit” is provoked by a pro-inflamma-
tory condition, e.g. pneumonia, sepsis and causes activation
of lung endothelium with subsequent sequestration and
priming of neutrophils. The “second hit” is provided by
transfusion of a blood component that contains either anti-
bodies (anti-HLA, anti-HNA) or biologically active lipids
(Iysophosphatidylcholines: LysoPCs) and cytokines. The
age of blood components has also been found significant for
TRALI pathogenesis; first confirmed in a clinical cohort of
90 TRALI cases by Silliman et al. (2003b). The “two hit”
model is supported by experimental studies with bioactive
lipids as well as outdated blood products to cause TRALI
after a “first hit” (Silliman et al. 1994, 1996, 1998).

Discrepant results however have been reported in a
recent study (Sachs et al. 2010; Vlaar et al. 2010b, 2011b)
of the effect of LysoPCs in stored blood products on the
activity of lung neutrophils. In our study therefore we
compared the LysoPCs content in supernatants from stored
platelet and packed red blood cell concentrates (RBCs)
with the LysoPCs in plasma of random donors.

Materials and Methods

The LysoPCs content was measured in the supernatant
samples from storage bags containing: apheresis platelet
concentrates (PLTs), 39 samples; packed (non-leukore-
duced) RBCs from whole blood collected onto CPDA-1, 62
samples, leukoreduced RBCs (L-RBCs) (<1 x 10° white
bloods cells) collected in Atreus System suspended in
SAGM additive solution, 40 samples; fresh frozen plasma
(FFP) derived from single-donor apheresis donations, 10
units and in plasma samples from 40 random donors. Blood
was collected from donors and subjected to quality control
according to Polish “Medical Standards for collection,
preparation and distribution of blood and blood compo-
nents” based on the recommendations of the Council of
Europe (2010). RBC concentrates were stored at 2—-6°C,
PLTs at 20-22°C on horizontal flatbed shaker (30 cycles/
min; Helmer; USA). The cell-free supernatant samples
were obtained by centrifugation of 2 ml of blood compo-
nents, for 20 min at 1,550 g then analyzed at various
storage periods.

Lipids extraction was performed with modified Bligh
and Dyer procedure, under acidic conditions for effective
LysoPCs recovery (Weerheim et al. 2002, Vlaar et al.
2010a, b, 2011a, b). In short, 100 pl of supernatant from
stored blood components or 100 pl of plasma were
extracted. The separated chloroform layers were combined
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and dried. Samples were dissolved in 500 pl of methanol:
chloroform mixtures (2:1 v/v) for further analysis. Lipids
were separated on one-dimensional high-performance thin-
layer chromatography (HPTLC) using silica gel G coated
plates (10 x 20 cm) without fluorescent indicator (Merck,
Ref. 5721). Lipid samples (of 100 pl each; i.e. equivalent
of lipid extracted from 20 pl of plasma or supernatant from
blood components) were deposited on plates as 5 mm
streaks. The 12 lipid samples were applied on one plate: 8
spots of analyzed samples together with 4 spots of LysoPC
in the range 250-2,500 ng as a standard curve. As a stan-
dard L-o-LysoPCs from egg yolk (approx. 99% purity,
Sigma, Ref. 4129), containing predominantly LysoPC 16:0
or LysoPC 18:0 were used. Subsequently, lipids were
separated by chloroform:methanol:water (65:35:8; v/v/v).
Phospholipids were detected after uniform spraying of the
plate with 0.005% (w/v) primulin solution in acetone:
water (4:1; v/v); (5 mg in 100 ml of acetone/water, 80:20,
v/v). The fluorescence intensity of the LysoPCs spots in
UV light was analyzed by photodensitometric scanning
(Gel Doc 2000, BioRad) and quantified using Quantity One
software version 4 (BioRad). Applying HPTLC procedure
of LysoPCs quantification gives a detection limit of less
than 20 pM LysoPC.

Statistical Analysis

Data are expressed as mean + SD. The significance of dif-
ferences was assessed using analysis of variance (ANOVA),
the least significant difference test and Student’s ¢ test.
Values of p < 0.05 were considered significant.

Results

The LysoPCs content in control donor plasma samples
(159.6 = 33.3 umol/L, range 77.3—-178 pmol/L) was simi-
lar to that in FFP (186.2 £ 54.9 umol/L, range 119.2—
216.9 pumol/L).

The LysoPCs content in the supernatants from platelet
concentrates on day 0 was within the same range as in
donor plasma. After 1 day of storage it significantly
increased (p < 0.05) and remained on the same level until
the expiration day (Table 1).

In non-L-RBCs collected between day 0 and day 10, the
average LysoPCs concentration was lower than in donor
plasma (p < 0.05) (in five samples the LysoPCs concen-
tration was below detection limit). From storage day 11 to
40, the LysoPCs content decreased and was found below
detection limit in 28 samples (Table 2).

The LysoPCs amount in L-RBCs during the whole
storage period was below detection limit in 33 samples and
extremely low in 7 (Table 2). According to statistical



Arch. Immunol. Ther. Exp. (2012) 60:55-60 57
Table 1 Lysophosphatidylcholines (LysoPCs, pmol/L) level in supernatants of stored platelet concentrates (PLTs)
Storage time (days)
0 1 2 3 4 5 6
161.4 224.4 276.3 304.2 324.2 332.6 323.8
121.1 145.6 180.7 200.7 201.7 198.6 197.8
177.0 274.9 307.7 338.1 363.6 368.1 419.2
338.5 492.8 297.4 339.0 209.2
363.2 460.2 463.1 298.9 220.5
344.8 339.0 2342
272.5 4335 4104
336.6
296.5
153.2 + 28.8° 280.6 &+ 77.2 347.0 £ 99.0 320.7 £ 94.5 307.1 £ 72.1 281.9 £ 864 313.6 £ 111.3
4 Mean £ SD
Table 2 Lysophosphatidylcholines (LysoPCs, pmol/L) level in supernatants of stored packed red blood concentrates (RBCs)
Storage time (days)
Non-leukoreduced RBCs Leukoreduced RBCs
0-10 11-20 21-30 31-40 0-10 11-20 21-30 31-40
102.7 90.2 79.8 66.9 479 42.1 30.5 21.7
104.4 156.4 61.0 118.3 42.3 22.3 19.1 BDL
160.1 198.6 150.3 59.7 BDL BDL BDL BDL
157.1 78.2 127.7 BDL BDL BDL BDL BDL
38.5 39.0 54.5 BDL BDL BDL BDL BDL
57.7 29.7 110.3 BDL BDL BDL BDL BDL
90.8 79.6 92.0 BDL BDL BDL BDL
108.2 77.6 56.0 BDL BDL BDL BDL
103.5 BDL 120.4 BDL BDL BDL BDL
BDL BDL BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL BDL
BDL BDL BDL BDL
BDL BDL
BDL BDL
BDL BDL
BDL
66.0 £ 59.7° 441 £ 612 473 £ 542 18.8 &+ 38.1 9.0 £ 19.0 40+ 11.6 5.0+ 10.8 3.6 £ 88
BDL below detection limit
* Mean £+ SD
analysis, the LysoPCs content in L-RBCs was also signif-  Discussion

icantly lower than in non-L-RBCs (p < 0.05).

In addition, HPTLC enables the detection of other lipid
fractions present in the analyzed material. In non-L-RBCs,
only traces of phospholipids and neutral lipids were
observed on the HPTLC plates while no lipids were
detected in most cases of L-RBCs.

All blood components may be implicated in TRALL
However in the plasma-rich components, such as plasma
and platelets, the risk per component is the highest because
they often contain anti-leukocyte antibodies implicated in
TRALI, particularily in fatal TRALI cases (Khan et al.
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2007, Silliman et al. 2003b, 2009; Van Stein et al. 2010).
The antibody-mediated (immune) TRALI mechanism
postulates passive transfer of leukoagglutinating antibodies
via transfusion of blood components containing plasma
which results in antibody binding to recipient neutrophils.
Despite strong experimental and clinical evidence to sup-
port an antibody TRALI mechanism there are frequent
arguments against antibody-mediated TRALI as some
transfused patients never developed TRALI even though
their leukocytes expressed cognate antigens (Kopko et al.
2002; Popovsky and Haley 2000; Zupariska et al. 2007).

On the other hand, the study results published by the
Denver work group indicate that TRALI in predisposed
patients may be triggered not only by leukocyte antibodies
but also by bioactive lipids Silliman et al. (1994, 1996,
1997, 2003b).

Blood components are human biological material and
during storage may accumulate metabolic products such as
bioactive lipids. Silliman et al. (1994, 1996, 1998, 2003a)
and Looney and Matthay (2006) demonstrated on an ani-
mal model that these breakdown products of membrane
lipids, LysoPCs included, can prime neutrophils to trigger a
respiratory burst reaction. No such priming activity was
observed either in fresh cellular blood components or in
acellular plasma. These data are in line with our findings
that the LysoPCs level in acellular FFP was similar to that
in plasma of random donors. Additionally, the level of
LysoPCs in supernatants of fresh PLTs (day 0) was similar
to that in donor plasma.

The LysoPCs amount in stored PLTs increased almost
two-fold. Our observations were confirmed by other
authors who also reported that the LysoPC concentration
increased in human PLT components stored for 5-7 days
(Silliman et al. 1996, 2003a; Vlaar et al. 2010a). It should
be noted that we evaluated the LysoPCs in the superna-
tant from apheresis platelets using HPTLC method; the
concentration of LysoPCs was the same as reported by
Vlaar et al. (2010a) after high-performance liquid chro-
matography (HPLC) tandem mass spectrometry. Our
study was also in accordance with the results of Rue-
bsaamen et al. (2010) who used electrospray-ionization
tandem mass spectrometry to describe lipid species pro-
files of platelets and plasma during storage of PLTs. This
agrees with the pathophysiological animal model of
neutrophil priming by lipids from stored PLTs (Silliman
et al. 1996, 2003a). Recently Vlaar et al. (2010a) also
proved that the supernatant of stored PLTs caused lung
inflammation and coagulopathy in a syngeneic in vivo
transfusion model.

In both immune and non-immune TRALI the neutrophil
is postulated as the effector cell. For this reason the neu-
trophil priming assays are crucial for demonstrating the
role of LysoPCs in stored blood components for
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development of TRALI. Further investigations are neces-
sary to determine the precise concentration of LysoPCs in
human pulmonary circulation sufficient to prime neutro-
phils to lung damage. Bux and Sachs (2007) suggested that
TRALI envolves once the neutrophil priming overcomes a
certain threshold value.

The LysoPCs content in packed RBCs, mostly leuko-
depleted RBCs, was observed to be very low or
undetectable not only on collection day but also during
storage. In the process of preparation of packed non-L- and
L-RBCs, plasma, which is the main source of LysoPCs was
removed and substituted by storage solution. The low
LysoPC content in packed L-RBCs was confirmed by
Silliman et al. (2000), Sachs et al. (2010) and Vlaar et al.
(2011b). The latter also proved that human RBC superna-
tant stored in SAGM had no neutrophil priming capacity
even after 42 days of storage.

The United States group (Silliman et al. 1994, 1998,
2003b) reported an accumulation of bioactive lipids (Lyso-
PCs) in stored RBCs. The authors observed that these lipids
may play a key role in the onset of neutrophil priming and/
or activation in the pathogenesis of TRALI because lipids
extracted from plasma of outdated RBCs caused pulmon-
ary damage in a rat lung model. The European group
(Sachs et al. 2010, Vlaar et al. 2011a, b) observed no such
effect in their experimental and preclinical studies. The
discrepancy of the results of the United States group may
be explained by the differences in product preparation and
RBCs storage or in evaluation of neutrophil priming
assays. The Silliman group primed neutrophils for 5 min
with plasma and lipids from stored packed RBCs and
measured the maximal rate of superoxide anion production
as a marker of neutrophil priming (Silliman et al. 1994).
The Vlaar group incubated neutrophils with supernatant
from stored RBCs for 30 min and used H,O, release as a
measure of neutrophil priming (Vlaar et al. 2010a, 2011b).
However we did not perform such test, our data support the
results of the European’s group as we found no LysoPCs in
most of the packed RBCs samples.

The approach to the role of LysoPCs in neutrophil
priming varies but some new data were forwarded in a
paper by Vlaar et al. (2011b) who described the effect of
various solutions used for the storage of blood components
on LysoPCs accumulation and neutrophil priming capacity.
The authors prove that LysoPC accumulation is not cell-
but plasma- derived and in vitro neutrophil priming by
aged PLTs is LysoPCs independent. It is their opinion that
LysoPCs accumulation does not occur at 4°C, which is the
temperature routinely used for RBCs storage. They suggest
that LysoPCs are merely markers or mediators of product
deterioration. In line with this information, they demon-
strated that aged blood products may cause TRALI in rats
both in the presence and absence of bioactive lipid
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accumulation and suggest that the link between LysoPCs
and lung injury is rather weak.

It is worth noting that biochemical changes that occur in
the supernatants of blood components during storage are
caused not only by LysoPCs but also by other factors such
as elevated potassium level, pH decrease, accumulation of
lysophosphtidic acid, proinflammatory cytokines or mi-
croparticles with procoagulant activity all of which may
contribute to the inflammatory process of TRALL

Moreover, the authors of the recently published paper
(Silliman et al. 2011) pay attention on the role of the non-
polar bioactive lipids (arachidonic acid, 5-HETE,
12-HETE) which they identified in packed leuko- and
platelet reduced RBCs stored in AS-5 preservation solu-
tion. The maximum concentration of these lipids was
observed on storage day 42 and the authors suppose that
they were RBC membrane derived. The authors of the
present paper did not investigate the non-polar lipids in
RBCs stored in AS-5 preservation solution.

Finally, we would like to draw attention to the very
important role of LysoPCs as regulators of immunologic
cell functions, especially in priming neutrophils which are
the main cells of innate immunity. Fuchs and Schiller
(2009) indicate numerous important biological functions of
LysoPCs. Moreover, reduced plasma LysoPCs levels have
been noted in sepsis patients and systematic treatment with
LysoPCs proved therapeutic in rodent model of sepsis
(Cunningham et al. 2008). The above observations may
suggest that elevated LysoPCs plasma levels in long-stored
apheresis platelets may relieve serious inflammatory con-
ditions or according to Lin et al. (2005) may protect against
lung vascular injury. Further studies are however necessary
to understand the various roles which this “enigmatic”
lysolipid plays in neutrophil activation as the major con-
tributor to acute lung injury and sepsis.

Acknowledgments This study was supported by the Ministry of
Science and Higher Education (Poland) grant no. NN 401215734.

References

(2010) Guide to the Preparation, Use and Quality Assurance of Blood
Components; Recommendation No. R (95) 15; 16th Edition.
European Directorate for the Quality of Medicines & Health Care
of the Council of Europe. http://www.centronazionalesangue.it/
sites/.../guida_edqm_16_edizione.pdf

Bux J (2005) Transfusion-related acute lung injury (TRALI): a
serious adverse event of blood transfusion. Vox Sang 89:1-10

Bux J, Sachs UJ (2007) The pathogenesis of transfusion-related acute
lung injury (TRALI). Br J Haematol 136:788-799

Cunningham TJ, Yao L, Lucena A (2008) Product inhibition of
secreted phospholipase A2 may explain lysophosphatidylcho-
lines unexpected therapeutic properties. J Inflamm 5:17

Fuchs B, Schiller J (2009) Lysophospholipids: their generation,
physiological role and detection. Are they importanat disease
markers? Mini Rev Med Chem 9:368-378

Goldman M, Webert KE, Amold DM et al. (2005) Proceedings of a
consensus conference: towards an understanding of TRALIL
Transfus Med Rev 19:2-31

Holness L, Knippen MA, Simmons L et al (2004) Fatalities caused by
TRALI. Transfus Med Rev 18:184-188

Khan H, Belsher J, Yilmaz M et al (2007) Fresh-frozen plasma and
platelet transfusions are associated with development of acute
lung injury in critically ill medical patient. Chest 131:1308-1314

Kopko PM, Marshall CS, MacKenzie MR et al (2002) Transfusion-
related acute lung injury: report of a clinical look-back
investigation. JAMA 287:1968-1971

Lin P, Welch EJ, Gao XP et al (2005) Lysophosphatidylcholine
modulates neutrophil oxidant production through elevation of
cyclic AMP. J Immunol 174:2981-2989

Looney MR, Matthay MA (2006) Animal models of transfusion-
related acute lung injury. Crit Care Med 34(5 suppl):S132-S136

Maslanka K, Michur H, Zupadska B et al (2007) Leukocyte
antibodies in blood donors and a look back on recipients of
their blood components. Vox Sang 92:247-249

Popovsky MA, Haley NR (2000) Further characterization of trans-
fusion-related acute lung injury: demographics, clinical and
laboratory features, and morbidity. Immunohematology 16:157—
159

Popovsky MA, Moore SB (1985) Diagnostic and pathogenetic
considerations in transfusion-related acute lung injury. Transfu-
sion 25:573-577

Popovsky MA, Abel MD, Moore SB (1983) Transfusion-related acute
lung injury associated with passive transfer of antileukocyte
antibodies. Am Rev Respir Dis 128:185-189

Reil A, Keller-Stanislawski B, Gunay S et al (2008) Specificities of
leukocyte alloantibodies in transfusion-related acute lung injury
and results of leukocyte antibody screening of blood donors. Vox
Sang 95:313-317

Ruebsaamen K, Liebiesch G, Boettcher A et al (2010) Lipidomic
analysis of platelet senescence. Transfusion 50:1665-1676

Sachs UJ, Weissmann N, Wasel W et al (2010) Supernatants from
stored leukodepleted packed red blood cells do not regulary
exhibit changes in their lyso-phosphatidylcholine composition
and do not cause TRALI in an ex vivo rat lung model. Vox Sang
99(Suppl 1):456

Silliman CC, McLaughlin NJ (2006) Transfusion-related acute lung
injury. Blood Rev 20:139-159

Silliman CC, Clay KL, Thurman GW et al (1994) Partial character-
ization of lipids that develop during the routine storage of blood
and prime the neutrophil NADPH oxidase. J Lab Clin Med
124:684-694

Silliman CC, Dickey WO, Paterson AJ et al (1996) Analysis of the
priming activity of lipids generated during routine storage of
platelet concentrates. Transfusion 36:133-139

Silliman CC, Paterson AJ, Dickey WO et al (1997) The association of
biologically active lipids with the development of transfusion-
related acute lung injury: a retrospective study. Transfusion
37:719-726

Silliman CC, Voelkel NF, Allard JD et al (1998) Plasma and lipids
from stored packed red blood cells cause acute lung injury in an
animal model. J Clin Invest 101:1458-1467

Silliman CC, Bjornsen AJ, Tuder R et al (2000) Pre-storage
leukoreduction of packed red blood cells inhibits transfusion
related acute lung injury (TRALI) in an animal model. Blood
96:655a

Silliman CC, Bjornsen AJ, Wyman TH et al (2003a) Plasma and
lipids from stored platelets case acute lung injury in an animal
model. Transfusion 43:633-640

Silliman CC, Boshkov LK, Mehdizadehkashi Z et al (2003b)
Transfusion-related acute lung injury: epidemiology and a
prospective analysis of etiologic factor. Blood 101:454-462

@ Springer


http://www.centronazionalesangue.it/sites/&hellip;/guida_edqm_16_edizione.pdf
http://www.centronazionalesangue.it/sites/&hellip;/guida_edqm_16_edizione.pdf

60

Arch. Immunol. Ther. Exp. (2012) 60:55-60

Silliman CC, Fung YL, Ball JB et al (2009) Transfusion-related acute
lung injury (TRALI): Current concepts and misconceptions.
Blood Rev 23:245-255

Silliman CC, Moore EE, Kelher MR et al (2011) Identification of
lipids that accumulate during the routine storage of prestorage
leukoreduced red blood cells and cause acute lung injury.
Transfusion. doi:10.1111/j.1537-2995.2011.03186.x

Stainsby D, Jones H, Asher D et al (2006) Serious hazards of
transfusion: a decade of hemovigilance in the UK. Transfus Med
Rev 20:273-282

Thompson JS, Severson CD, Parmely MJ et al (1971) Pulmonary
“hypersensitivity” reactions induced by transfusion of non-HLA
leukoaglutinins. N Engl J Med 284:1120-1125

Van Stein D, Beckers EA, Sintnicolaas K et al (2010) Transfusion-
related acute lung injury in the Netherlands: an observational
study. Transfusion 50:213-220

Vlaar AP, Hofstra JJ, Kulik W et al (2010a) Supernatant of stored
platelets causes lung inflammation and coagulopathy in a novel
in vivo transfusion model. Blood 116:1360-1368

Vlaar AP, Hofstra JJ, Levi M et al (2010b) Supernatant of aged
erythrocytes causes lung inflammation and coagulopathy in a

@ Springer

‘Two-Hit’ in vivo syngeneic transfusion model. Anesthesiology
113:92-103

Vlaar AP, Hofstra JJ, Determann RM et al (2011a) The incidence, risk
factors and outcome of transfusion-related acute lung injury in a
cohort of cardiac surgery patients: a prospective nested case
control study. Blood 117:4219-4225

Vlaar AP, Kulik W, Nieuwland R et al (2011b) Accumulation of
bioactive lipids during storage of blood products is not cell but
plasma derived and temperature dependent. Transfusion
51:2358-2366

Ward HN (1970) Pulmonary infiltrates associated with leukoagglu-
tinin transfusion reactions. Ann Intern Med 73:689-694

Weerheim AM, Kolb AM, Sturk A et al (2002) Phospholipid
composition of cell-derived microparticles determined by one-
dimensional high-performence thin-layer chromatography. Anal
Biochem 302:191-198

Zupanska B, Uhrynowska M, Michur H et al (2007) Transfusion-
related acute lung injury and leukocyte-reacting antibodies. Vox
Sang 93:70-77


http://dx.doi.org/10.1111/j.1537-2995.2011.03186.x

	Lysophosphatidylcholines: Bioactive Lipids Generated During Storage of Blood Components
	Abstract
	Introduction
	Materials and Methods
	Statistical Analysis

	Results
	Discussion
	Acknowledgments
	References


