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Postnatal development and LPS responsiveness of
pulmonary adenosine receptor expression and of
adenosine-metabolizing enzymes in mice
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Gennady G. Yegutkin?, Marko Salmi?, Mikko Hallman'and Sirpa Jalkanen?

BACKGROUND: Adenosine levels are regulated by ecto-
5-nucleotidase/CD73 and adenosine deaminase (ADA).
Adenosine regulates endothelial permeability and anti-
inflammatory responses via adenosine receptors. Here, the
adenosine receptors and purine-converting enzymes were
studied during postnatal development and inflammation.
METHODS: Newborn, 1-, 10-, 14-d-old and adult C57BL/6
mice were challenged intraperitoneally (i.p.) with lipopolysac-
charide (LPS) for 6 h. The inflammatory response was evaluated
by histochemistry. Expression levels of adenosine receptors
(A1, A2A, A2B, and A3), CD73, and ADA were measured by
quantitative reverse transcription polymerase chain reaction.
AT was studied by immunohistochemistry, and enzyme activi-
ties were analyzed by thin-layer chromatography.

RESULTS: LPS caused respiratory distress in newborns within
24h. LPS induced neutrophils at the basal stage and alveolar
congestion. Low activity and expression of CD73 increased
after birth. Expression of ADA after LPS increased 16-fold in
adults and 2-fold in newborns (P < 0.05). AT expression was
high in newborns and increased after LPS (P < 0.05). AT was
localized to endothelial membranes. A2A decreased after LPS
in newborns and increased in adults (P < 0.05). The expression
of A3 increased in newborns and adults after LPS.
CONCLUSION: low pulmonary CD73  expression,
LPS-induced suppression of A2A, LPS-induced increase of Al
expression, and severe respiratory distress were distinguishing
responses in the newborns from those in the adults.

denosine is a purine base, which is an integral component

of DNA-RNA and has several additional functions. It has
been shown to regulate vascular endothelial integrity. As a pre-
dominantly extracellular signaling molecule, adenosine has
recently been implicated as an important mediator of pulmo-
nary inflammation (1). Ecto-5" nucleotidase (CD73, EC 3.1.3.5)
is a cell-surface enzyme, which produces extracellular adenos-
ine from adenosine monophosphate (AMP) in the vasculature

(2,3). Adenosine then binds to its receptors or is metabolized by
adenosine deaminase (ADA, EC 3.5.4.4) or by adenosine kinase
(AK) to inosine or AMP, respectively (2). CD73 increases and
ADA decreases the adenosine levels. It has been shown that
interferon-p (IFN-B) enhances the activity of CD73 in mice and
man, leading to an increase in adenosine levels in the vascular
endothelium and a decrease in vascular leakage (4,5).

The effects of adenosine can be anti- or proinflammatory,
depending on its concentration and on the type of receptor
being activated. There are four different receptors that trans-
mit the effects of adenosine to intracellular compartments: A1,
A2A, A2B, and A3. A2AR and A2BR are Gs-type G-protein-
coupled receptors (GPCRs), which increase the levels of intra-
cellular cAMP, whereas AIR and A3R are Gi-type GPCRs.
Activation of Gi GPCR leads to a decrease in intracellular
cAMP levels (6).

Lipopolysaccharide (LPS), an integral part of the outer wall
of Gram-negative bacteria, is capable of launching a proin-
flammatory response. Several lines of evidence suggest a role
for adenosine receptors in modulating LPS-induced pulmo-
nary inflammation (7,8). Activation of A3R has been shown to
reduce LPS toxicity in a murine model of lung inflammation
by downregulating LPS-induced influx of polymorphonuclear
cells to the lungs (9). In porcine monocytes, an adenosine ana-
log, N-ethylcarboxyamidoadenosine, downregulates tumor
necrosis factor (TNF)-a production and upregulates interleu-
kin (IL)-8 production after LPS stimulation, the effect being
mediated mainly by A2AR (10). LPS has also been implicated
in the induction of A2AR expression in murine macrophages,
this being primarily mediated by nuclear factor-xB (11).
Preclinical studies have shown that an A2AR agonist improves
lung function after acute lung damage and that the timely acti-
vation of A2AR limits the inflammation (12).

There is growing evidence of the importance of the adenos-
ine system in early postnatal life. Neonatal blood CD73 activity
was reported to be higher than ADA activity favoring elevated
adenosine levels (13). The ADA activity was shown to increase
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during postnatal development. Serum ADA levels in preterm
infants affected by bronchopulmonary dysplasia were elevated
in the early postnatal phase (14). The high levels of adenosine
in the blood of neonates inhibited acute TNF-a. response (15).
Caffeine has been proposed to inhibit TNF-o production via
antagonizing AIR (16). Caffeine treatment of preterm infants
with apnea of prematurity has been shown to decrease the
plasma levels of TNF-o and IL-6 (17).

Respiratory distress shortly after birth and in early infancy is
a major cause of chronic morbidity in premature neonates. The
inflammatory insult is either a primary cause of lung disease or
a principal factor influencing its progression (18,19). At term
birth and thereafter, the airways are relatively resistant to endo-
toxins. In contrast, preterm infants may be susceptible to the
consequences of LPS-induced inflammatory injury (20,21). In
addition, peritoneal infection and inflammation due to Gram-
negative bacteria is associated with serious cardiorespiratory
distress after preterm birth (22,23). Endothelial function plays
a crucial role in many inflammatory diseases in which vascu-
lar permeability is one of the main pathogenic factors (24-26).
The mechanisms protecting against infections and generalized
inflammation may also require defense functions that are con-
fined to the vascular endothelium.

Newborns are susceptible to respiratory distress induced by
sepsis often caused by Gram-negative bacteria from the intes-
tinal tract. Since adenosine is known to be capable of modu-
lating the pulmonary inflammation, we hypothesized that
the factors supporting high adenosine levels during perinatal
period would protect the mice from pulmonary inflammation
and respiratory distress. Therefore, we studied the expression
of adenosine producing, sensing, and metabolizing proteins in
response to intraperitoneal (i.p.) LPS in different age groups of
mice. Here, we show evidence that both basal expression levels
and responsiveness of adenosine-metabolizing enzymes and
adenosine receptors to LPS are age-dependent. We propose
that the immaturity of the adenosine signaling system needs to
be considered as a factor predisposing to vascular inflamma-
tory injury in early life.

RESULTS
Sensitivity to Endotoxin-Induced Respiratory Distress and
Pulmonary Damage
In ip. LPS dose-response experiments, newborn mice were
more susceptible to LPS toxicity when compared with older
animals. The dose selected (0.5 pg LPS, serotype 0111:B4/g
body wt.) caused no detectable symptoms in the adult animals
(unpublished data) and resulted in no mortality and hardly any
respiratory distress in 14-d-old pups (n = 7). In contrast, 53%
of the newborns (n = 15; age <12h when LPS was given) pre-
sented with gasping and skin color changes and died, indicating
severe respiratory distress within 12-24h after the LPS insult.
The rest of the newborn pups presented with respiratory distress
that was not fatal during the observation period of 24 h. None of
the placebo-injected pups (1 = 8) developed respiratory distress.
As the animals became symptomatic within the first 12-24h
after the LPS injection, in the subsequent experiments, we
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sacrificed the mice 6 h after the LPS injection to investigate the
early events.

Histological analyses of the lungs of newborn, 14-d-old
and adult mice were carried out to study the effects of LPS.
As expected, the structurally immature lungs of newborn mice
revealed no true alveoli, whereas lungs from 14-d-old animals
revealed alveolar saccules. The study had a power to detect
only large differences in the inflammatory response. However,
only a few trends in lung histology were evident, and they did
not reach statistical significance (Table 1): Newborn mice
tended to have more neutrophils at the basal stage than the
older animals. Transmigration of neutrophils after the endo-
toxin challenge tended to increase neutrophil counts in 14-d-
old and adult animals, and alveolar congestion increased after
the LPS insult especially in the younger age groups.

The Ontogenic Changes in CD73 and ADA Activities

There were no differences between treatment groups in CD73
activity levels, and therefore, we pooled control and LPS ani-
mals to study the ontogenic differences. The activity of CD73
in the lungs increased significantly with age (Figure 1a). In
10-d-old mice, CD73 activity was threefold higher than in the
newborn mice (P < 0.05). To study whether the expression lev-
els of CD73 parallel the changes in its activity, CD73 mRNA
levels were measured in newborn, 14-d-old and adult mice.
The expression levels of CD73 in the lungs were five- to six-
fold higher in 14-d-old and adult mice than in newborn mice
(P < 0.05) (Figure 2a). The expression of CD73 did not differ
between 14-d-old and adult mice. Since ADA affects the serum
levels of adenosine, its expression levels were measured as well.
ADA activity in 10-d-old mice as compared to younger ani-
mals was twofold (Figure 1b). Basal expression levels of ADA
revealed no detectable trends after birth, either (Figure 2b).

The Ontogenic Changes in Adenosine Receptor Expression
Levels

The expression levels of A1R, A2AR, A2BR, and A3R in the
lungs were measured in newborn, 14-d-old and adult mice.
The expression levels of AIR are shown in Figure 3a. The
basal level was twofold higher in newborn than in 14-d-old
and adult mice (P < 0.05). The pulmonary expression levels of
A2AR, A2BR, and A3R did not show differences between age
groups (Figure 3b-d).

Table 1. Histological analysis of lungs

Neutrophil count per 5 Alveolar congestion®

high-power fields (SD) (SD)
Age Sham LPS Sham LPS
Newborn 113.3(34.9) 124.6 (23.6) 1.7(0.8) 24(1.1)
14-d-old 78.3(30.3) 141.8 (45.1) 1.7(0.8) 2.2(0.8)
Adult 62(30.4) 121.3(57.6) 1.3(0.8) 1.7 (0.6)

*Alveolar congestion was graded via a four-tiered system from two tissue sections: no
congestion =0, congestion in <25% of the field area = 1,in 25-49% of the field area = 2,
in 50-74% of the field area = 3, and in 75-100% of the field area = 4.

LPS, lipopolysaccharide.

Copyright © 2014 International Pediatric Research Foundation, Inc.
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Figure 1. Enzyme activities of CD73 and adenosine deaminase (ADA)
increase with age. Activity of CD73 (a) and ADA (b) in 0-d-old
newborn (n = 6), 1-d- (n = 6), and 10-d-old (n = 4) animals. *P < 0.05.

The Expression Levels and Activities of CD73 and ADA After LPS
When the influence of i.p. LPS challenge on the expression levels
of adenosine-metabolizing enzymes was studied, LPS did not
alter the expression levels of CD73 in any age group (Figure 2).
In contrast, the expression of ADA increased 2- (newborn,
14-d-old) to 16-fold (adult) after the LPS challenge (P < 0.05).
After the LPS, the levels were eightfold higher in adult mice
than in newborn and 14-d-old mice (P < 0.05). There were no
detectable increases in either CD73 or ADA activities as studied
6h after the i.p. LPS injection (data not shown).

The Expression Levels of Adenosine Receptors After LPS

There was a twofold increase in the expression of AIR after
LPS injection in newborn and 14-d-old mice compared with
saline-injected animals (P < 0.05). Adult mice showed no
increase of AIR expression after the LPS challenge (Figure 3a).
In newborn mice, the expression of A2AR decreased 50%
(P < 0.05) after the LPS injection, whereas in 14-d-old animals,
there were no detectable changes in the expression levels after
LPS. In adult mice, a sixfold increase in A2A receptor expres-
sion was detected after the LPS challenge (P < 0.05). Overall,

Copyright © 2014 International Pediatric Research Foundation, Inc.
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Figure 2. Expression levels of pulmonary CD73 and adenosine deaminase
(ADA) in sham and lipopolysaccharide (LPS) stimulated newborn, 14-d-old,
and adult mice. Relative mRNA expression levels of the enzymes CD73

(@) and ADA (b) in newborn (n =9 and n = 10 in sham and LPS groups,
respectively), 14-d-old (n = 6 and n = 8 in sham and LPS groups, respec-
tively) and adult animals (n = 5 in both sham and LPS groups). *P < 0.05.

the expression levels after the LPS insult were lower in newborn
mice when compared with 14-d-old and adult mice (P < 0.05).
There were no detectable differences in LPS-induced expression
levels of A2BR between the three age groups (Figure 3b,c).

In newborn and adult mice, the expression levels of A3R
increased fourfold after the LPS injection (P < 0.05). In
14-d-old animals, the levels tended to be higher in the LPS
group. Expression levels of A3R after the LPS injection
tended to be higher in newborn than in 14-d-old mice
(P <0.05) (Figure 3d).

The Immunohistochemistry of ATR

Immunohistochemistry was performed to study the distri-
bution and content of the AIR protein. A1R positivity was
evident in lungs from many newborn (four out of seven ani-
mals) (Figure 4b) and some 14-d-old animals (two out of six)
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Figure 3. Expression levels of adenosine receptors in sham and lipopolysaccharide (LPS) stimulated newborn, 14-d-old, and adult mice. Relative mRNA
expression levels of adenosine receptors A1, A2A, A2B, and A3 (a-d, respectively) in newborn (n =9 and n = 10 in sham and LPS groups, respectively),
14-d-old (n = 6 and n = 8 in sham and LPS groups, respectively), and adult animals (n = 5 in both sham and LPS groups). *P < 0.05.

(Figure 4d) 6 h after the LPS injection, whereas immunostain-
ing was barely detectable in the lungs from newborn (two out of
six) and 14-d-old (two out of six) sham animals (Figure 4a,c).
The staining was detected mainly in the endothelial cells.

DISCUSSION

In the present study, we found evidence of the vulnerability
of structurally immature lung tissue to a vascular inflamma-
tory insult, suggesting that resistance to i.p. LPS develops
as a function of the postnatal age. In an attempt to clarify
the age-dependent increase in tolerance to an inflammatory
insult, we studied the expression of both the adenosine recep-
tors and the expression and activities of enzymes involved
in adenosine metabolism, known to play a role in pulmo-
nary immunity and the maintenance of vascular integrity
(24,27,28). We found that CD73 activity, protective against
vascular inflammation, increased markedly soon after birth.
In addition, the LPS-mediated induction of inflammatory
A1R expression decreased after birth, whereas LPS-induced
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suppression of anti-inflammatory A2AR was abolished after
birth. We propose that extracellular adenosine levels and
adenosine receptors may play a role in LPS-induced toxicity.

In the present study, we demonstrate a neonatal increase in
both the activity and the expression of CD73, suggesting an
increase in the capacity to generate extracellular adenosine.
It may be argued that newborn mice have lower capacity to
produce adenosine, resulting in stronger LPS-induced inflam-
matory responses compared to older animals. In contrast, the
expression of Toll-like receptor 4 (29,30) and the inflammatory
cytokine responses (31) increase during the perinatal develop-
ment, but do not parallel the perinatal development of resis-
tance against acute inflammatory insults.

The basal expression levels of proinflammatory A1R were
higher in newborn mice and the LPS-induced increase in
the expression levels was evident only in the newborn mice.
AR protein was detected in endothelial cell membranes par-
ticularly after administration of LPS. The differences seen in
A1R expression between newborn and older mice may be one

Copyright © 2014 International Pediatric Research Foundation, Inc.
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Figure 4. LPS increases adenosine receptor AT immunostaining compared to sham mice. Immunohistochemistry staining using A1R antibody with
hematoxylin-eosin counterstaining of newborn sham lungs (a), newborn lungs 6 h after the lipopolysaccharide (LPS) exposure (b), and 14-d-old sham
lungs (c) and 14-d-old mouse lungs 6 h after the LPS exposure (d). Bottom right bar = 100 um.

mechanism explaining the inflammatory state in the newborns.
The basal expression levels of adenosine receptors A2AR,
A2BR, and A3R revealed no remarkable trends in postnatal
lung. However, the expression levels in response to LPS were
different between the age groups (Table 2). Most strikingly,
the anti-inflammatory A2AR revealed LPS-induced suppres-
sion in newborns, whereas in adults, a significant LPS-induced
increase of A2AR expression was evident. The immunobhisto-
chemical verification of these findings failed due to low quality
of available commercial A2AR antibodies.

Adenosine deaminase has been considered to be an allosteric
agonist for AIR, and A2AR (32) and ADA™~ mice have chronic
pulmonary inflammation and fibrosis (33). This raises the possi-
bility that interaction between ADA and A2AR may influence the
inflammatory response. However, direct evidence for this is lack-
ing. In the present study, we found no detectable increase in ADA
activity within 6h after i.p. LPS. However, LPS rapidly induced
an increase in the expression of ADA in each age group. In adult
mice, the increase was ~16-fold, compared with a 2-fold increase
in newborn mice (Figure 2b). The discrepancy between the
mRNA levels and enzymatic activity of ADA may be explained
by the delay between the mRNA induction and the protein syn-
thesis. An increase in ADA without an increase in CD73 may
have an additional influence on the adverse consequences of LPS
in the newborn. The intriguing possibility that serum adenosine
levels influence the resistance to LPS remains to be studied.

Acute lung injury induced by LPS is well documented and pre-
vious results are consistent with the present observations (34,35).
Within 24 h after i.p. administration of LPS, most newborn pups
developed signs of severe respiratory distress. In contrast, the
same LPS dose given to 14-d-old animals did not cause evidence

Copyright © 2014 International Pediatric Research Foundation, Inc.

Table 2. Changesin gene expression after LPS injection

Newborn 14-d-old Adult

Sham LPS Sham LPS Sham LPS
CD73 Low N.C. High N.C. High N.C.
ADA — T — T — ™
A1R High ™ Low T Low N.C.
A2AR — l — N.C. — ™
A2BR — N.C. — N.C. — N.C.
A3R — T — N.C. — T

T =LPSinjection increased expression levels. TT =The increase was significantly greater
than other increase(s) in same direction. 4 = LPS injection decreased expression levels.
LPS, lipopolysaccharide; N.C,, no changes.

of respiratory distress. Study of lung histology 6 h after LPS injec-
tion revealed a trend toward more severe lung injury in newborn
compared with older mice. However, the neutrophil count in
the newborn mice after LPS challenge was comparable to that in
the older mice. In a study by Alvira et al. (36), the inflammatory
response after i.p. LPS was milder and the adverse consequences
to activation of nuclear factor-kB were fewer in 5-d-old mice
than in adults. We propose that the increase in resistance of the
vascular endothelium against inflammatory injury may depend
on the development of responsiveness of the adenosine receptors
and enzymatic activities involved in adenosine metabolism.

In conclusion, our results show evidence that compared to
adult mice, newborn mice have significantly lower expression
of pulmonary anti-inflammatory adenosine receptors and sig-
nificantly increased expression of proinflammatory adenosine
receptors after an inflammatory insult. In addition, the expres-
sion of ADA during the inflammatory state was lower in the

Volume 76 | Number 6 | December 2014 Pediatric RESEARCH 519
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Table 3. Primer sequences for quantitative polymerase chain reaction

Gene Protein Sequence 5’-3’ Final concentration (nmol/l) Product size (bp)
Adoral A1R F: CAA GGG AGA GAATCCAGCAG; 120 93
R: ACCTCCGAGTCAAGATCCCT
Adora2a A2AR F: CCTTCATAC CCGTCA CCAAG; 150 98
R: GCAGAGTTCCATCTTCAGCC
Adora2b A2BR F:TGT CCC AGT GAC CAA ACCTT; 120 101
R:TGCTCA CACAGA GCT CCATC
Adora3 A3R F: GGA AACTAG CCA GCA AAG GC; 150 103
R:TGCTGT ACA CCGATACCTGC
ADA ADA F: GAT GGTTTCTGG CTT GAT GG; 150 132
R: ACG CAGACCCAGAGAGCTT
NTSE D73 F: GTC CCC CATTGATGA GAA GA; 150 122
R:CAAAAG CCTTCTTCA GGGTG
TBP TBP F: GAATAT AAT CCC AAG CGATTTG; 150 92
R:CACACCATTTTTCCAGAACTG
TBP, TATA-box binding protein.
newborn and young animals than in adults. ADA has been 500 bp | e
shown to increase the affinity of the A2A receptor to adenos-
ine (37). Finally, CD73, catalyzing the formation of adenosine, 250bp e
increased in parallel with vascular development of murine lung -
shortly after birth. In human, lung analogous vascular develop- — — W —
ment starts preterm (38). We propose that the increasing resis-
tance to vascular inflammatory insults may be influenced by Lane A B C D E F G

adenosine receptors and enzymes regulating both adenosine lev-
els and its affinity to specific receptors. The immature inflamma-
tory responses of ADA and the adenosine receptors in preterm
infants susceptible to chronic lung disease remain to be studied.

METHODS

Animals

Newborn (age <24h at the onset of the study), 1-d-old, 10-d-old,
14-d-old, and adult C57BL/6 mice from the Laboratory Animal
Center of University of Oulu were used. All studies were approved by
the Finnish Animal Ethics Committee.

Mouse Model of i.p. LPS

Escherichia coli LPS (serotype 0111:B4, Sigma-Aldrich, St Louis,
MO) or 0.9% saline carrier was injected i.p. as a single bolus using
a NovoPen junior insulin injector with a NovoFine 32G needle
(NovoNordisk A/S, Bagsvaerd, Denmark). In preliminary experi-
ments, the mice were inspected every 2-3h during the experiment
for 24 h. In cases of severe respiratory distress (cyanosis, gasping), the
mice were euthanized. The dose chosen provoked respiratory failure
in 50 percent of the animals in pilot studies using newborn mice (data
not shown). The LPS dose was 0.5 pg/g for each animal. The concen-
tration of reconstituted LPS was 0.03 pg/pl.

The specimens were collected 6h after the i.p. LPS or saline. Before
collection, the animals were euthanized by cutting the neck vertebra.
The chest was opened by a median sternotomy. Care was taken to
avoid bleeding to the trachea during lung preparation. The lungs were
immediately frozen in liquid nitrogen and stored at 74 °C or fixed in
4% formaldehyde.

Analysis of Expression of CD73, ADA, and Adenosine Receptors

Total RNA from lungs was isolated using Tri-reagent (Sigma-Aldrich)
according to the manufacturer’s instructions. For quantitative reverse
transcription polymerase chain reaction, the RNA was purified by
using RNeasy Micro Kits (Qiagen Venlo, NL). cDNA was acquired
from the purified mRNA with iScript cDNA Synthesis Kit (Bio-Rad
Laboratories, Hercules, CA). Levels of gene expression of CD73
(NTS5E), ADA, and adenosine receptors Al (Adoral), A2A (Adora2a),
A2B (Adora 2b), and A3 (Adora3) were measured by using a Bio-Rad
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Figure 5. Gel electrophoresis of the polymerase chain reaction products.
TBP, CD73, ADA, A1R, A2AR, A2BR, and A3R are in lanes a-g, respectively.
250bp standard was used.

Cfx-96 real-time PCR detection system (Bio-Rad Laboratories).
Relative quantification was carried out with the AC,_method using
the TATA-binding protein gene as a reference gene. The primers used
are shown in Table 3. The sizes of PCR products were confirmed by
means of gel electrophoresis in which the 2% agarose in 1x TAE was
used (Figure 5). The number of independent analyses was four to six
for each individual group of specimens.

Analysis of the CD73 and ADA Activities

CD73 and ADA activities were measured in lung tissue lysates from the
newborn, 1-d-old and 10-d-old mice using a thin layer chromatography
method previously described by Yegutkin et al. (39). Briefly, tissue lysates
(20 pg of protein) were incubated for 60 min at 37 °C in a final volume of
80 pl RPMI-1640 medium containing 4 mmol/l B-glycerophosphate and
300 pmol/l of either [2-*"H]AMP (Quotient Bioresearch, GE Healthcare,
Rushden, UK) or [2-*H]adenosine (Amersham, Little Chalfont, UK) in
the case of ecto-5-nucleotidase/CD73 and ADA assays, respectively.
Catalytic reactions were terminated by applying aliquots of the mixture
onto Alugram SIL G/ uv,,, sheets (Macherey-Nagel, Duren, Germany).
*H-labeled AMP and nucleosides were separated by TLC and quantified
by scintillation -counting.

Histology and Immunohistohemistry

Tissue samples were embedded in paraffin and cut into 2.5-um sec-
tions. The sections were stained with hematoxylin-eosin. Neutrophil
counts were assessed in five high-power fields. In addition, alveolar
congestion was graded on four-tiered systems from two tissue sec-
tions: no congestion = 0, congestion in <25% of the field area = 1,
in 25-49% of the field area = 2, in 50-74% of the field area = 3, and
75-100% of the field area = 4 (40). The histological examiner was
blinded as to which group the animal belonged to. For the immuno-
histochemical staining of A1R in mouse lungs, 3.5 pm sections were
taken from formalin-fixed paraffin-embedded tissue and the rabbit
polyclonal anti-ADORA1 antibody from Abcam (ab82477, Abcam,
Cambridge, MA) was used.

Copyright © 2014 International Pediatric Research Foundation, Inc.
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Statistical Analysis

One-way ANOVA with two-sample t-tests as post hoc tests were used
for comparison of means. Bonferroni corrections were used for mul-
tiple comparisons. The level of significance was P < 0.05. OriginPro
v.9.0.0 software (OriginLab, Northampton, MA) was used for statisti-
cal analysis.
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