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 Introduction 
Vascular calcification is a point of both advanced atherosclerosis and 
medium roadway calcification also known as Monckeberg's sclerosis 
(1). medium arterial calcification (MAC) is the mineral deposit in the 
media of highways and is generally associated with elastin. It occurs 
singly of atherosclerotic shrine (2). MAC is observed with particularly 
high frequence in diseases like end- stage renal complaint and diabetes 
mellitus and it's known to increase mortality and amputation pitfalls 
(3- 4). Both diabetes and habitual order complaint have been honored 
aspro-inflammatory conditions and they increase expression of 
excrescence necrosis factor- nascence (TNF- α) in highways which 
haspro-osteogenic parcels (5). Inflammation in highways is known to 
increase matrix demeaning enzymes similar as matrix 
metalloproteinases (MMPs) and cathepsins (6- 8), which can break 
down elastic filaments in the media. In diabetic conditions, elevated 
situations of elastin deduced peptides are set up in serum (9- 11). It's 
known that the smooth muscle cells suffer morphological changes to 
osteoblast- suchlike cells in MAC (12). We've shown before that MMPs 
play a significant part in elastin declination and calcification (13). Rat 
aortic smooth muscle cells (RASMCs) have shown to increase 
osteogenic genes with the exposure of elastin fractions along with 
transubstantiating growth factor, (TGF- β1) (14). still, how elastin 
peptides and TGF- β1 triggers this metamorphosis of RASMCs has not 
been completely delved. Understanding the part of motes that regulate 
the process of elastin intermediated vascular calcification is the focus 
of our study.  
 Osteoblast-specific factor 2 (OSF2), also appertained to as periostin, 
was first linked using subtractive hybridization ways on MC3T3- E1 
osteoblast- suchlike cells and was allowed 
 at that time to be bone-specific (15). Firstly nominated osteoblast 
specific factor- 2 (OSF- 2); it was renamed periostin due to localized 
expression in the periosteum and the periodontal ligament (16). 
Periostin (postn) expression has been intertwined in heart stopcock 
morphogenesis (17) and in osteogenesis (18). Periostin isn't detected 
in adult apkins except under conditions of habitual load, injury, stress, 
or pathology. Norris etal., were the first to propose that periostin 

should be classified as a matricellular protein due to its capability to 
interact with matrix factors to serve a structural part and its capability 
to interact with cell face receptors and regulate signaling processes 
(19).  
We wanted to test if periostin is the foremost marker in the osteogenic 
process in RASMCs. Then we show that RASMCs after exposure to 
elastin fractions and TGF- β1 express high situations of periostin before 
calcification and blocking of relations of RASMCs with elastin and TGF- 
β1 reduce the situations back to the normal cells. also, inhibition of 
periostin blocked RASMC calcification, whereas overexpression 
promoted calcification.  
 styles  
 Cell culture and treatments  
 Primary rat aortic smooth muscle cells and cell line (Cell Applications 
Inc, San Diego, CA, USA) from passage 5- 8 were used in all trials. Cells( 
n = 6 wells/ group, 6 × 105/ well) were treated with answerable elastin 
peptide, purified from bovine neck ligament and contained the specific 
repeating peptide sequence VGVAPG( CB 573, Elastin Products 
Company, Owensville, MO), recombinant mortal TGF- β1( 
PeproTech,Inc., Rocky Hill, NJ, USA), lactose and SB431542( Sigma,St. 
Louis, MO, USA) as follows 100 µg/ ml elastin peptide( elastin group); 
10 ng/ ml TGF- β1( TGF group); 100 µg/ ml elastin peptide and 10 ng/ 
ml TGF- β1( elastin TGF group); 100 μg/ ml elastin peptides and 5 
mmol/ L lactose( elastin lactose group); 10 ng/ ml TGF- β1 and 10µm 
SB431542( TGF SB43 group), and medium alone( control group). 
Culture media were replaced every 3 days with fresh Dulbecco's 
modified Eagle's medium supplemented with the applicable agents in 
attention described over. Gene and protein expression from cell 
excerpts were anatomized after 3 days to 4 weeks as described below. 
Calcium deposit was estimated by von Kossa staining of cells 
maintained in culture for over to 21 days.  
 Rat aortic calcification model Adult manly Sprague- Dawley rats 
importing 250- 300g were placed under general anesthesia (2- 3 
isoflurane) and the infrarenal abdominal aorta were treated 
periadventitially for 15 twinkles with0.15 spook/ L CaCl2 or0.15 
spook/ L NaCl as controls (n = 6 rats per group) using the reek 
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operation system described preliminarily (15).  
 The disquisition conforms with the companion for the Care and Use of 
Laboratory creatures published by the US National Institutes of Health 
(NIH PublicationNo. 85- 23, revised 1996). The beast protocols were 
approved by the Clemson University Animal Research Committee 
(AUP2011052).  
RT- PCR for gene analyses  
Total RNA was insulated from cells using the RNeasy Mini tackle 
(Qiagen, Valencia, CA). For gene expression, Gene expression in each 
sample was regularized to the expression of a housekeeping gene 
(GAPDH) and compared with control samples using the 2 − ΔΔCT 
system (21).  
Immunofluorescence and western blotting for periostin  
Standard protocols were used to descry periostin by 
immunofluorescence and western blotting with rabbitanti-periostin 
antibody. Details can be set up in an online supplement.  
Von kossa staining for calcification  
 Cells in 3 weeks culture were incubated with 1 tableware nitrate result 
and placed under UV light for 20 twinkles. After several changes of 
distilled water, the unreacted tableware was removed with 5 sodium 
thiosulfate for 5 twinkles, and the cells were irrigated and kept in 
distilled water. The presence of black stain verified the presence of 
calcium phosphate deposits.  
Adenoviral and lentiviral construction  
Adenoviral construction was performed as preliminarily described by 
us (22). Details can be set up in on- line supplement. Selfinactivating 
replication unskillful viral patches were produced in packaging cells 
(HEK293T) byco-transfection with compatible packaging plasmids as 
preliminarily described (23). The p24 titering assay was employed to 
determine shRNA lentiviral titers of 106 TU/ ml. A aggregate of 5 
shRNA lentiviruses were generated and tested for functionally blocking 
periostin expression.  
Adenoviral and lentiviral shRNA transduction for RASMC  
RASMCs at 50 convergences were infected with mouse periostinover-
expressing adenovirus (PN OX) or periostin knockdown shRNA 
lentivirus (PN AS) at a attention of 300 and,000 contagion flyspeck per 
cell independently in serum-free media. One day previous to contagion 
infection, cells were treated with elastin peptide and TGF- β1. Media 
were replenished every 3 days with fresh test agents. Cells were 
gathered at 3 and 7 days for RNA and protein birth independently. 
Whole cell lysates were used for western spot to determine protein 
situations of periostin.  
 Statistical analysis  
 Results are expressed as means ± SEM. Statistical analyses of the data 
were performed using single- factor analysis of friction. Statistical 
differences were determined using the pupil t- test with an α value 
of0.05.  
Results  
To study if periostin expression is linked to medium calcification, we 
examined the effect of elastin peptides and TGF- β1 on the regulation of 
periostin expression in smooth muscle cells, a major cell population 
present in tunica media of arterial wall. We've preliminarily shown that 
exposure of elastin peptides with TGF- β1 to vascular smooth muscle 
cells leads to osteogenic phenotype (14).  
 Discussion  
 We delved the effect of elastin declination products and TGF- β1 on the 
expression of postn in the smooth muscle cell line and in primary cells. 
We chose to combine TGF- β1 with elastin peptides as TGF- β1 is known 
to be sequestered in elastic filaments and declination of elastic fiber 
would release active TGF- β1 in the roadway. former report from our 
laboratory have shown that in response to elastin peptides and TGF- β1, 
rat aortic smooth muscle cells separate into cells that parade an 
osteoblast- suchlike phenotype, characterized by the expression of 
genes typically confined to mineralized towel, including Cbfa- 1, 
osteocalcin and alkaline phosphatase (14).  
 We set up a remarkably strong expression of periostin when cells were 
exposed to combination of elastin peptide plus TGF- β1 as substantiated 
by RT- PCR, western spot, and immuno- luminescence. Time course 
studies revealed that the expression position of periostin mRNA 
transiently increased by 1 week, remained constant at week 2 and 
returned to the rudimentary position by 4 weeks. still the full length, 90 
KD postn protein was expressed only at 1wk. The lack of expression of 
periostin protein at 2 and 4 wks in the smooth muscle cells support the 
thesis that the cells at these time points represent a important after 
stage of isolation, while strong expression of periostin at 1 wk suggests 
that the cells at this early time point retainpre-osteoblast like parcels. 
Horiuchi etal., (24) have shown that periostin is a specific marker for 
preosteoblasts. They showed that postn is a disulfide linked 90kd a 

protein buried by osteoblasts and osteoblast like cell lines. During 
farther isolation of these cells into mature osteocytes, a decline in the 
expression of periostin is sensible and osteocytes no longer synthesize 
this protein (25). This was also demonstrated in a study of different cell 
lines in which the preosteoblast to osteocyte ontogeny was shown 
grounded on the expression of bone-specific labels. The results 
indicated that the murine calvarial osteoblast cell line MC3T3- E1 
expresses periostin and thus these cells were interpreted as 
preosteoblasts. In MLO- A5, MLO- C2, MLO- D1, MLO- D6 and MLO- Y4 
cells the product of periostin was lowered and therefore these cells 
were considered at a after stage of isolation analogous to osteocytes 
(27). In harmonious with these studies, our data thus suggest that 
periostin expression is confined only at early stages of RASMC isolation.  
 The high postn expression was effectively inhibited by lactose, an 
elastin laminin receptor (ELR) antagonist and by SB431542, a TGF- β1 
receptor antagonist. Elastin peptides are known to interact with cells 
through ELR. Lactose is a picky elastin laminin receptor (ELR) 
antagonist (28). SB431542 is a potent and largely picky small- patch 
asset of TGF- β1-dependent signaling (29). therefore, the present study 
demonstrated that elastin peptide or TGF- β1 intermediated 
stimulation of postn mRNA expression in SMCs in vitro is receptor 
dependent and is intermediated by TGF- β R1 and ELR. This effect was 
further verified when cells were concomitantly treated with elastin 
peptide, lactose and TGF- β1 to block the function of ELR. As 
anticipated, postn expression was restored back to that position 
observed in TGF- β1 treatment alone indicating that both ELR and TGF- 
β R1 are involved in this upregulation. further work is demanded to find 
out how the crosstalk between these two transduction pathways takes 
place to increase periostin gene expression.  
To test if periostin is one of the foremost labels in osteogenesis, RASMC 
cells exposed to elastin peptides and TGF- β were treated with lentiviral 
shRNA to knockdown the expression of periostin. The use of viral 
vectors to inhibit protein exertion, is an accepted fashion, used 
successfully by others (22). We tested the expression of osteoblast-
specific labels, similar as alkaline phosphatase (peak), Cbfa- 1 and 
osteocalcin, to give sapience into the part of periostin in osteogenesis. 
Cbfa- 1 and peak were markedly reduced by shRNA treatment. Cbfa- 1 
expression in RASMCs serves as an early, definitive marker of 
osteoblastic isolation, the original step in vascular calcification. Cbfa- 1 
is a recap factor that controls the expression of a number of proteins 
associated with osteoblastic isolation, including osteocalcin, OPN, and 
type I collagen (30). peak is a functional, phenotypic marker of 
osteoblasts, and peak exertion is frequently used as a molecular marker 
for vascular calcification, as it's an early index of mineral matrix deposit 
(31). peak exertion is pivotal to hydroxyapatite conformation during 
endochondral ossification (32). In medium calcification, SMCs express 
advanced situations of peak (33). Alkaline phosphatase modulates 
vascular calcification by dwindling situations of inorganic 
pyrophosphate, which is a substrate for peak and an honored potent 
asset of vascular calcification (35). As both Cbfa- 1 and peak expression 
was down regulated by shRNA intermediated downregulation of postn 
in RASMCs, postn may be an upstream of peak and Cbfa- 1. Osteocalcin 
is a marker of latestage osteoblast isolation, and the lack of this gene 
reportedly causes an increase in bone conformation in mice (36). 
Interestingly in the present study, we set up that the stimulatory effect 
of elastin peptides on the expression of osteocalcin wasn't reduced in 
postn knockdown cells, suggesting that postn knockdown effect is more 
specific, inhibiting only the early labels of isolation and not the late 
labels similar as osteocalcin. Reduction in the expression of bone 
specific labels in cells with reduced (knocked down) expression of 
postn also led to dropped RASMC calcification at a after stage. RASMC 
cells began to form nodes at 7 days after elastin peptide and TGF- 
β1treatment; the multilayered cells also came polygonal in shape and 
formed nodes. Von Kossa staining showed that the maturity of the 
nodes were darkly stained in RASMC cells at 21 days after the elastin 
peptide and TGF- β1 treatment. still, significantly lower mineralization 
was observed in postn knockdown lentivirus treated cells indicating 
periostin reduction inhibit calcification and suppress the induction of 
osteoblast like phenotype in smooth muscle cells. Not only knockdown 
of postn reduced calcification, but we also set up that overexpression of 
postn with transduction of adenovirus garbling postn was sufficient to 
induce calcification of RASMCs. This is harmonious with a former study 
showing that adenoviral gene transfer of periostin like factor (PLF) an 
isoform related to postn enhanced the osteogenic isolation and 
mineralization of primary osteoblast cells (37). Our results explosively 
indicate that postn plays an essential part in elastin intermediated 
RASMC calcification in vitro, and postn overexpression alone is 
sufficient to induce RASMC calcification in absence of elastin peptides 
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and TGF- β1.  
Encouraged by the robust induction of postn in RASMC cell culture 
studies, we were interested in studying the regulation of postn in 
circulatory beast model where medium vascular calcification is 
observed. former studies from our laboratory have shown that CaCl2 
intermediated aortic injury leads to elastin specific medium 
calcification in the abdominal aorta of rats (13). In the present study we 
saw a several fold inductions of periostin at gene and protein at 3 and 7 
days after injury along with medium calcification as compared to NaCl 
treated control group, which didn't lead to elastin calcification. We've 
observed advanced elastin declination and increased TGF- β1 
situations in the calcified regions of the roadway in this beast model of 
vascular calcification. Therefore our cell culture results were 
corroborated in a circulatory model showing that postn expression is 
the critical early event in early stage medium calcification.  

Summary  
The present study provides the first substantiation of the part of Postn 
in elastin intermediated RASMC calcification in vitro and medium 
calcification in vivo in a rat model. We also demonstrated that 
calcification in RASMC proceeds through osteogenic isolation with the 
induction of postn that alters the expression of downstream bone 
specific proteins that lead to calcification. still, more in vivo clinical data 
is demanded to further probe the part of postn in vascular calcification. 
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