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INTRODUCTION  
 

Vascular endothelium releases several factors involved 

in the local regulation of vascular tone and modulation 

of pro-inflammatory molecule production [1]. Among 

them are endothelium-derived relaxing factors in 

particular nitric oxide (NO) as well as endothelium-

derived contracting factors such as prostaglandins and 

superoxide anion [2, 3]. Constitutive expression of 

endothelial nitric oxide synthase (eNOS) is mainly 

responsible for NO production in endothelial cells of 

conduit arteries [4, 5]. On the other hand, cyclo-

oxygenase (COX) is a rate-limiting enzyme in the 

biosynthesis of prostaglandins. COX1 is constitutively 

expressed and plays an important role in vascular 

homeostasis, while COX2 is considered an inducible 

enzyme in mouse conduit arteries [6].  

Aging of blood vessels are major contributors to the 

development of cardiovascular disease [7]. Existing 

evidence obtained in human and animal studies suggest 

that the earliest detectable vascular phenotype in aging 

involves the development of endothelial dysfunction, 

which is commonly characterized by the reduced 

endothelial production of NO and by the increased 

production of COX-derived vasoconstrictor factors [8ï

10]. Moreover, clinical studies have reported that 

endothelium-dependent vasodilatation progressively 

declines with age and occurs earlier in men than in 

women [11, 12].  

 

Amyloid-ɓ precursor protein (APP) is an evolutionarily 

conserved protein and is implicated in the development 

of Alzheimer's disease [13ï15]. However, the exact 

function of APP outside the central nervous system, 
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ABSTRACT 
 

The physiological function of amyloid precursor protein (APP) in the control of endothelial function during aging 
is unclear. Aortas of young (4-6 months old) and aged (23-26 months old) wild-type (WT) and endothelium-
specific APP-deficient (eAPPҍκҍ) mice were used to study aging-induced changes in vascular phenotype. 
Unexpectedly, aging significantly increased protein expression of APP in aortas of WT mice but not in aortas of 
eAPPҍκҍ mice thereby demonstrating selective upregulation APP expression in vascular endothelium of aged 
aortas. Most notably, endothelial dysfunction (impairment of endothelium-dependent relaxations) induced by 
aging was significantly exacerbated in aged eAPPҍκҍ mice aortas as compared to age-matched WT mice. 
Consistent with this observations, endothelial nitric oxide synthase (eNOS) protein expression was significantly 
decreased in aged eAPPҍκҍ mice as compared to age matched WT mice. In addition, protein expression of 
cyclooxygenase 2 and release of prostaglandins were significantly increased in both aged WT and eAPPҍκҍ mice. 
Notably, treatment with cyclooxygenase inhibitor, indomethacin, normalized endothelium-dependent 
relaxations in aged WT mice, but not in aged eAPPҍκҍ mice. In aggregate, our findings support the concept that 
aging-induced upregulation of APP in vascular endothelium is an adaptive response designed to protect and 
preserve expression and function of eNOS. 



 

ǿǿǿΦŀƎƛƴƎ-ǳǎΦŎƻƳ мфмсс !DLbD 

particularly in peripheral tissues, remains poorly 

understood [16ï18]. We and others have shown that 

APP is expressed in cultured endothelial cells as well as 

in vascular wall of wild-type mice [19ï24]. Under 

physiological conditions, APP is constitutively cleaved 

at the cell surface by Ŭ-secretase via non-amyloidogenic 

processing pathway. Alpha-processing of APP causes 

release of soluble APP alpha (sAPPŬ) ectodomain in the 

lumen of blood vessel wall [25ï30]. Recently, we 

showed that endothelium-specific inactivation of APP 

(eAPP
ī/ī

) caused endothelial dysfunction in mice 

cerebral arteries [29]. However, no previous studies 

tested the effects of aging on vascular APP expression 

in systemic large conduit arteries. In the present study, 

we advance the hypothesis that APP exerts vascular 

protective effects on endothelial function during aging. 

 

RESULTS 
 

Characterization of mice 

 

Body weight was increased in both aged wild-type 

(WT) and eAPP
ī/ī

 mice (P<0.05 vs. respective young 

mice; Table 1). Blood pressure measurements revealed 

that systolic blood pressure (SBP), mean blood pressure 

(MBP), and diastolic blood pressure (DBP) were 

unchanged in young and aged WT and eAPP
ī/ī

 mice 

(P>0.05; Table 1). Blood glucose was also not different 

between eAPP
ī/ī

 mice and their WT irrespective of age 

(Table 1). Lipid profile was unchanged in plasma of 

young WT and eAPP
ī/ī

 mice (P>0.05; Table 1). Aging 

caused a slight but significant increase in circulating 

levels of cholesterol in WT mice (P<0.05 vs. young 

WT; Table 1). In contrast, levels of triglycerides were 

decreased in aged eAPP
ī/ī

 mice (P<0.05 vs. young 

eAPP
ī/ī

 mice; Table 1). Plasma levels of 

norepinephrine were significantly increased in aged WT 

and eAPP
ī/ī

 mice (P<0.05 vs. respective young mice; 

Table 1). Aging significantly increased plasma levels of 

sAPPŬ in both WT and eAPP
ī/ī

 mice however, levels of 

sAPPŬ remained significantly decreased in eAPP
ī/ī

 

mice as compared to age-matched WT mice (P<0.05; 

Table 1). However, plasma levels of amyloid-ɓ 1-40 

(Aɓ1-40) were unaltered in young and aged WT and 

eAPP
ī/ī

 mice (P>0.05; Table 1).  

 

APP expression and processing in aorta 
 

Western blot analyses revealed that APP expression was 

significantly lower (by 27%) in the aorta of young 

eAPP
ī/ī

 mice (P<0.05 vs. young WT; Supplementary 

Figure 1). Aging caused increase in APP expression in 

WT mice aortas (P<0.05 vs. young WT; Figure 1A) 

while APP expression was unchanged in aged eAPP
ī/ī

 

mice aortas (P>0.05 vs. young eAPP
ī/ī

 mice; Figure 

1A). Release of sAPPŬ from the aorta was significantly 

increased in aged WT mice (P<0.05 vs. young WT 

mice; Figure 1B). In contrast, sAPPŬ release was not 

significantly affected by aging of eAPP
ī/ī

 mice (P>0.05 

vs. young eAPP
ī/ī

 mice; Figure 1B). Release of Aɓ1-40 

from the aorta was not altered in young and aged WT 

and eAPP
ī/ī

 mice (P>0.05; Supplementary Figure 2). 

Moreover, protein expressions of a disintegrin and 

metalloproteinase domain-containing protein 10 

(ADAM10) and beta-site APP cleaving enzyme 1 

(BACE1) were unaltered in WT and eAPP
ī/ī

 mice 

irrespective of age (P>0.05; Figures 1C, 1D, 

respectively).  

 

Vascular contraction responses 
 

Contractions to KCl were significantly increased in 

aged WT and eAPP
ī/ī

 mice aortas as compared to 

young mice (P<0.05; Table 2) while there were no 

differences between age-matched WT and eAPP
ī/ī

 mice 

(P>0.05; Table 2).  

 

Sensitivity to prostaglandin F2Ŭ (PGF2Ŭ)-induced 

contractions was slightly lower in aortas of young and 

aged eAPP
ī/ī

 mice (P<0.05 as compared to their 

respective WT mice; Figures 2A, 2B, respectively; 

Table 2). In contrast, PGF2Ŭ potency was significantly 

increased in aged WT and eAPP
ī/ī

 mice (P<0.05 vs. 

respective young mice; Table 2), and efficacy of PGF2Ŭ 

was significantly decreased in aged WT and eAPP
ī/ī

 

mice (P<0.05 vs. respective young mice; Table 2).  

 

While no significant differences between age-matched 

WT and eAPP
ī/ī

 mice were observed, the potency of 

phenylephrine was reduced in aged WT and eAPP
ī/ī

 

mice (P<0.05 vs. respective young mice; Table 2; 

Figure 2C, 2D). Furthermore, the efficacy was 

significantly reduced in aged WT mice (P<0.05 vs. 

young WT mice; Table 2) while it tended to be reduced 

in aged eAPP
ī/ī

 mice (P=0.088; Table 2).  

 

Vascular endothelial function  

 

Acetylcholine (ACh)-induced endothelium-dependent 

relaxations were unaltered in young mice with 

endothelial-specific APP deletion (P>0.05 vs. young 

WT littermates; Figure 3A and Table 3). Aging caused a 

significant impairment to ACh in WT mice (P<0.05 vs. 

young WT mice; Table 3) while the efficacy was 

unaltered (Table 3). Furthermore, relaxations to ACh 

were further decreased in aged eAPP
ī/ī

 mice (P<0.05 

vs. aged WT mice; Figure 3B and Table 3).  

 

Incubation of aortas with indomethacin did not affect 

relaxations to ACh in young mice (P>0.05; Figure 3C). 

In contrast, indomethacin significantly improved 

endothelium-dependent relaxations to ACh in both aged 
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Table 1. Characteristics of young and aged eAPPҍκҍ mice. 

Parameters 
Young  Aged 

WT littermates eAPP
ī/ī

  WT littermates eAPP
ī/ī

 

Body weight (g) 30±1 (10) 29±1 (10)  32±1 (12) * 33±1 (12) * 

SBP (mmHg) 121±2 (9) 119±2 (9)  120±2 (9) 121±2 (11) 

MBP (mmHg) 93±1 (9) 92±1 (9)  94±2 (9) 95±2 (11) 

DBP (mmHg) 79±1 (9) 78±1 (9)  81±2 (9) 82±2 (11) 

Glucose (mg/dL) 147±8 (10) 156±11 (10)  133±7 (12) 155±10 (12) 

Cholesterol (mg/dL) 63±2 (11) 63±3 (11)  88±14 (11) * 72±3 (11) 

HDL (mg/dL) 54± 2 (11) 52± 3 (11)  68±13 (11) 54±4 (11) 

Triglycerides (mg/dL) 85± 5 (11) 91± 6 (11)  74±8 (11) 63±5 (11) * 

Norepinephrine 

(pg/mL) 
1599±222 (16) 1898±280 (16)  3601±1019 (9) * 3371±399 (7) * 

sAPPŬ (pg/mL) 549±39 (10) 244Ñ27 (10) À  734±72 (12) * 428Ñ55 (12) *À 

Aɓ1-40 (pg/mL) 90±8 (10) 88±10 (10)  93±11 (8) 92±20 (8) 

SBP indicates systolic blood pressure; MBP, mean blood pressure; DBP, 
diastolic blood pressure; HDL, high-density lipoprotein; WT, wild-type. Data are 
means ± SEM and the numbers of mice are indicated in the parentheses. * 
P<0.05 vs. young mice of same strŀƛƴΤ Ϟ tғлΦлр ǾǎΦ ŀƎŜ-matched WT littermates 
(two-ǿŀȅ !bh±! ŦƻƭƭƻǿŜŘ ōȅ ¢ǳƪŜȅΩǎ I{5 ǘŜǎǘύΦ 

 

 

 

Figure 1. (A) Effects of aging on protein expression of APP in the aortas of wild-type (WT) littermates and eAPPҍκҍ mice (n=10 per group). (B) 
Effects of aging on ex-vivo ǎ!ttʰ ǎŜŎǊŜǘƛƻƴ from wild-type (WT) littermates and eAPPҍκҍ mice aortas. The supernatants were collected and 
analyzed for ǎ!ttʰ ƭŜǾŜƭǎΦ wesults were normalized against tissue protein levels (n=12 per group for young WT littermates and eAPPҍκҍ mice 
and n=15 per group for aged WT littermates and eAPPҍκҍ mice). (C) Effects of aging on protein expression of ADAM10 in the aortas of wild-
type (WT) littermates and eAPPҍκҍ mice (n=6 per group). (D) Effects of aging on protein expression of BACE1 in the aortas of wild-type (WT) 
littermates and eAPPҍκҍ mice (n=6 per group). ²ŜǎǘŜǊƴ ōƭƻǘ ǊŜǎǳƭǘǎ ŀǊŜ ǘƘŜ ǊŜƭŀǘƛǾŜ ŘŜƴǎƛǘƻƳŜǘǊȅ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ʲ-actin protein. All results 
are representing box plots with whiskers showing the median, 25th to 75th percentiles, and min-max range. * P<0.05 versus young mice of 
ǎŀƳŜ ǎǘǊŀƛƴΤ Ϟ tғлΦлр ǾŜǊǎǳǎ ŀƎŜ-matched WT littermates (two-ǿŀȅ !bh±! ŦƻƭƭƻǿŜŘ ōȅ ¢ǳƪŜȅΩǎ I{5 ǘŜǎǘύΦ 
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Table 2. Efficacy and potency of vasoconstrictors in young and aged eAPPҍκҍ mice aortas. 

Parameters 
Young 

 
Aged 

WT littermates eAPP
ī/ī

 
 

WT littermates eAPP
ī/ī

 

KCl (g):  1.95±0.06 (18) 1.87±0.04 (18)  2.53±0.11 (16) * 2.38±0.08 (16) * 

PGF2Ŭ:      

Emax (%) 139±4 (9) 137±3 (9) 
 

123±3 (8) * 124±4 (8) * 

pEC50 (īlog mol/L) 5.49±0.03 (9) 5.34Ñ0.04 (9) À  5.69±0.03 (8) * 5.57Ñ0.04 (8) * À 

Phenylephrine:      

Emax (%) 63±6 (9) 50±5 (9)  41±8 (8) * 33±9 (8) 

pEC50 (īlog mol/L) 7.03±0.02 (9) 6.98±0.02 (9)  6.74±0.07 (8) * 6.68±0.05 (8) * 

Emax indicates maximal efficacy; pEC50, potency; WT, wild-type. Data are means ± SEM and the numbers of mice are 
ƛƴŘƛŎŀǘŜŘ ƛƴ ǘƘŜ ǇŀǊŜƴǘƘŜǎŜǎΦ ϝ tғлΦлр ǾǎΦ ȅƻǳƴƎ ƳƛŎŜ ƻŦ ǎŀƳŜ ǎǘǊŀƛƴΤ Ϟ tғлΦлр ǾǎΦ ²¢ ƭƛǘǘŜǊƳŀǘŜǎ ƻŦ ǎŀƳŜ ŀƎŜ 
(two-ǿŀȅ !bh±! ŦƻƭƭƻǿŜŘ ōȅ ¢ǳƪŜȅΩǎ I{5 ǘŜǎǘύΦ 

 

 
 

Figure 2. Concentration-dependent contractions to PGFн  h(A, B) and phenylephrine (C, D) in isolated aortic rings derived from young and 
aged eAPPҍκҍ mice and their respective wild-type (WT) littermates. Results are shown as mean ± SEM (n=9 per group for young WT 
littermates and eAPPҍκҍ mice and n=8 per group for aged WT littermates and eAPPҍκҍ mice) and contractions are expressed as percentage of 
response to a second KCl (80 mmol/L). No significant differences were detected between WT littermates and eAPP

ҍκҍ
 mice at same age 

(ANOVA with Bonferroni's correction). 
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WT and eAPP
ī/ī

 mice (P<0.05 vs. aortas without 

indomethacin; Table 3). However, the efficacy is still 

significantly reduced in aged eAPP
ī/ī

 mice in the 

presence of indomethacin (P<0.05 vs. aged WT mice 

with indomethacin; Figure 3D and Table 3). Blockade 

of NOS with N
ɤ
-nitro L-arginine methyl ester (L-

NAME) in the presence of indomethacin completely 

blocks relaxations to ACh in both young and aged WT 

and eAPP
ī/ī

 aortas (Supplementary Figure 3).  

 

Ex-vivo production of prostaglandins in aorta 
 

We next determined whether age-related changes in 

vascular prostaglandins contribute to the observed 

decline in endothelial function of aortas, we measured 

release of prostaglandins in conditioned medium. 

Thromboxane B2 (TXB2) and prostaglandin E2 (PGE2) 

productions were significantly increased in both aged 

WT and eAPP
ī/ī

 mice (P<0.05 vs. young mice; Figure 

4A, 4B) while production of PGF2Ŭ was significantly 

increased only in aged WT mice (P<0.05 vs. young 

WT; Figure 4C). In contrast, production of 6-keto 

PGF1Ŭ (a stable metabolite of prostaglandin I2) was not 

different among young and aged WT and eAPP
ī/ī

 mice 

(P>0.05; Figure 4D).  

 

We also performed western blot analyses for protein 

expression of COX isoforms in aortas. COX1 

expression was not different between WT and eAPP
ī/ī

 

mice irrespective of age (P>0.05; Figure 5A). In 

contrast, protein expression of COX2 was significantly 

increased in both aged WT and eAPP
ī/ī

 mice (P<0.05 

vs. young mice; Figure 5B). Moreover, the increase in 

COX2 was significantly reduced in aged eAPP
ī/ī

 mice 

(P<0.05 vs. aged WT mice; Figure 5B). 

 

Protein expression of eNOS 
 

Expression of eNOS was significantly decreased in the 

aorta of aged eAPP
ī/ī

 mice (P<0.05 vs. young eAPP
ī/ī

 

 
 

Figure 3. Endothelium-dependent relaxations to ACh in isolated aorta from young (A; n=9 per group) and aged (B; n=8 per group) wild-type 
(WT) littermates and eAPPҍκҍ mice aortas. Effects of indomethacin (Indo; 10-5 mol/L) on responses to ACh in young (C; n=9 per group) and 
aged (D; n=7 per group) WT littermates and eAPPҍκҍ mice aortas. Results are shown as mean ± SEM and expressed as percent relaxation from 
submaximal contractions induced by PGFн.h * P>0.05 versus wild-type littermates (ANOVA with Bonferroni's correction). 
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Table 3. Efficacy and potency of endothelium-dependent relaxations in young and aged eAPPҍκҍ mice aortas. 

Parameters 
Young 

 
Aged 

WT littermates eAPP
ī/ī

 
 

WT littermates eAPP
ī/ī

 

Emax (%) :      

ACh 78±2 (9) 76±4 (9) 
 

83±2 (8) 69Ñ5 (8) À 

ACh + Indomethacin  81±6 (9) 73±4 (9) 
 

84±2 (7) 70Ñ3 (7) À 

pEC50 (īlog mol/L):      

ACh 7.18±0.04 (9) 7.16±0.05 (9) 
 

6.75±0.01 (8) * 6.61Ñ0.05 (8) * À 

ACh + Indomethacin  7.33±0.08 (9) 7.25±0.04 (9) 
 

7.17±0.03 (7) # 7.04±0.06 (7) * # 

Emax indicates maximal efficacy; pEC50, potency; WT, wild-type. Data are means ± SEM and the numbers of mice are 
ƛƴŘƛŎŀǘŜŘ ƛƴ ǘƘŜ ǇŀǊŜƴǘƘŜǎŜǎΦ ϝ tғлΦлр ǾǎΦ ȅƻǳƴƎ ƳƛŎŜ ƻŦ ǎŀƳŜ ǎǘǊŀƛƴΤ Ϟ tғлΦлр ǾǎΦ ²¢ ƭƛǘǘŜǊƳŀǘŜǎ ƻŦ ǎŀƳŜ ŀƎŜ όǘǿƻ-way 
!bh±! ŦƻƭƭƻǿŜŘ ōȅ ¢ǳƪŜȅΩǎ HSD test); # P<0.05 vs. without indomethacin treatment (unpaired t-test). 

 

mice; Figure 6). Furthermore, eNOS protein tended to 

be reduced in aged WT mice but it did not reach 

statistical significance (Figure 6).  

 

Superoxide anion 
 

To investigate whether endothelial dysfunction in aging 

was caused by increased superoxide anion production in 

aorta, we performed HPLC-based assay of 2-hydro-

xyethidium. Levels of superoxide anion were significant- 

ly enhanced in aged eAPP
ī/ī

 mice (P<0.05 vs. young 

eAPP
ī/ī

 mice; Figure 7) while superoxide anion levels 

were unaltered in aged WT mice (P>0.05 vs. young WT 

mice; Figure 7). 

 

Intracellular cGMP levels 

 

Under basal conditions, cyclic guanosine 3',5'-

monophosphate (cGMP) were unchanged in aortas of 

WT and eAPP
ī/ī

 mice irrespective of age (P>0.05;

 

 
 

Figure 4. Effects of aging on ex-vivo secretion of prostaglandins from wild-type (WT) littermates and eAPP
ҍκҍ

 mice aortas. The 
supernatants were collected and analyzed for TXB2 (A; n=11 per group for young mice and n=9 per group for aged mice), PGE2 (B; n=11 per 
group for young mice and n=9 per group for aged mice); PGFн h(C; n=8 per group for young mice and n=8 per group for aged mice); and 6-
keto PGFм h(D; n=11 per group for young mice and n=7-9 per group for aged mice). All results were normalized against tissue protein levels 
and are representing box plots with whiskers showing the median, 25th to 75th percentiles, and min-max range. * P<0.05 versus young mice of 
same strain (two-ǿŀȅ !bh±! ŦƻƭƭƻǿŜŘ ōȅ ¢ǳƪŜȅΩǎ I{5 ǘŜǎǘύΦ 
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Figure 5. Protein expressions of COX1 (A) and COX2 (B) in the aortas of wild-type (WT) littermates and eAPPҍκҍ mice. Western blot results 
ŀǊŜ ǘƘŜ ǊŜƭŀǘƛǾŜ ŘŜƴǎƛǘƻƳŜǘǊȅ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ʲ-actin protein (n=10 per group for COX1 and n=8 per group for COX2). All results are 
representing box plots with whiskers showing the median, 25th to 75th percentiles, and min-max range. * P<0.05 versus young mice of same 
ǎǘǊŀƛƴΤ Ϟ tғлΦлр ǾŜǊǎǳǎ ŀƎŜ-matched WT littermates (two-ǿŀȅ !bh±! ŦƻƭƭƻǿŜŘ ōȅ ¢ǳƪŜȅΩǎ I{5 ǘŜǎǘύΦ 

 

 
 

Figure 6. Effects of aging on protein expression of eNOS in the aortas of wild-type (WT) littermates and eAPP
ҍκҍ

 mice. 
²ŜǎǘŜǊƴ ōƭƻǘ ǊŜǎǳƭǘǎ ŀǊŜ ǘƘŜ ǊŜƭŀǘƛǾŜ ŘŜƴǎƛǘƻƳŜǘǊȅ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ʲ-actin protein (n=10 per group). All results are representing box plots with 
whiskers showing the median, 25

th
 to 75

th
 percentiles, and min-max range. * P<0.05 versus young mice of same strain (two-way ANOVA 

ŦƻƭƭƻǿŜŘ ōȅ ¢ǳƪŜȅΩǎ I{5 ǘŜǎǘύΦ 
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Figure 8). ACh stimulated cGMP levels were 

significantly increased in young and aged WT and 

eAPP
ī/ī

 mice (P<0.05 vs. basal levels; Figure 8). How-

ever, ACh stimulated cGMP levels were significantly 

decreased in aged WT and eAPP
ī/ī

 mice (P<0.05 young 

mice in the presence of ACh; Figure 8). In contrast, 

cGMP levels did not differ between WT and eAPP
ī/ī

 

mice groups under basal and stimulated conditions 

(P>0.05; Figure 8).  

 

Ex-vivo studies with cytokines 
 

We next attempted in different experimental conditions 

to provide insight into the effects of APP deletion on

 

 
 

Figure 7. Quantitative HPLC analysis of superoxide anion in aortas from young and aged wild-type (WT) littermates and 
eAPPī/ī mice aortas. All results were normalized against tissue protein levels and are representing box plots with whiskers showing the 
median, 25th to 75th percentiles, and min-max range (n=8 per group for young WT littermates and eAPPҍκҍ mice and n=10 per group for aged 
WT littermates and eAPPҍκҍ ƳƛŎŜύΦ ϝ tғлΦлр ǾŜǊǎǳǎ ȅƻǳƴƎ ƳƛŎŜ ƻŦ ǎŀƳŜ ǎǘǊŀƛƴΤ Ϟ tғлΦлр ǾŜǊǎǳǎ ŀƎŜ-matched WT littermates (two-way ANOVA 
followed bȅ ¢ǳƪŜȅΩǎ I{5 ǘŜǎǘύΦ 

 

 
 

Figure 8. Quantitative analysis of cGMP in aortas from young and aged wild-type (WT) littermates aortas (A) and eAPPҍκҍ mice aortas (B) 
under basal and ACh (10 µM) stimulated conditions. All results were normalized against tissue protein levels and are representing box plots 
with whiskers showing the median, 25th to 75th percentiles, and min-max range (n=13 per group for young WT littermates and eAPPҍκҍ mice 
and n=10 per group for aged WT littermates and eAPPҍκҍ ƳƛŎŜύΦ ϝ tғлΦлр ǾŜǊǎǳǎ ōŀǎŀƭ ƭŜǾŜƭǎΤ Ϟ tғлΦлр ǾŜǊǎǳǎ ȅƻǳƴƎ ²¢ ƳƛŎŜ όǘǿƻ-way 
!bh±! ŦƻƭƭƻǿŜŘ ōȅ ¢ǳƪŜȅΩǎ I{5 ǘŜǎǘύΦ 


