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Vas cu lar smooth muscle cells (VSMCs) exhibit var i ous 

 phe no types dur ing dif fer ent devel op men tal and path o log i cal 

states. Pre vi ous stud ies have clas si fied VSMCs into two groups, 

con trac tile and syn thetic [1,2]. In mature arter ies, VSMCs exist in 

a dif fer en ti ated state with con trac tile abil i ties [2]. In response to 

vas cu lar inju ries, VSMCs undergo a phe no typic mod u la tion which 

involves a de-dif fer en ti a tion pro cess. It has been shown that many 

genes are dif fer en tially expressed in the con trac tile and syn thetic 

SMCs. In order to pro vide insights into the pro cesses under ly ing 

SMC de-dif fer en ti a tion, sev eral attempts were made to char ac ter-

ize these phe no type-spe cific genes. The alter ation of these gene 

pro files through out the de-dif fer en ti at ing pro cess can be mod u-

lated by growth fac tors such as epi der mal growth fac tor (EGF) [3]. 

Since the major ity of pre vi ous stud ies con cen trated on VSMCs in 

weeks after lesion [4], the early phe no typic mod u la tion mech a-

nism under ly ing VSMC de-dif fer en ti a tion shortly fol low ing injury 

remains elu sive. Thus, iden ti fi ca tion of a proper marker cor re-

spond ing to the early de-dif fer en ti a tion pro cess would shed new 

light on inves ti ga tions in this area.

Nes tin is a 240 kDa inter me di ate fil a ment (IF) pro tein  spe cifi  cally 

expressed in myo genic and neu ral stem cells [5–7]. It is also known 

as IFAP-70/280kD for ham ster nes tin [8,9]. Nes tin expres sion was 

pri mar ily stud ied in the cen tral ner vous sys tem (CNS) where it 

is tran siently expressed in CNS stem cells [5]. Nes tin reap pears 

imme di ately adja cent to the wound dur ing the early stages of CNS 

injury response [5–7,10,11]. Regard ing the nes tin expres sion in 

muscle cells, Se jer sen and Len dahl [7] showed that nes tin is tran-

siently expressed in devel op ing skel e tal muscle cells of rat thighs 

dur ing embryo gen e sis and is mark edly down-reg u lated as these 

cells dif fer en ti ate. Fur ther more, Va it ti nen et al. [12] reported that 

nes tin reap pears in myo blasts of rat gas troc ne mius muscle 6 h 

after shear ing or in situ injury, reaches max i mal level at 3–5 days 

post-injury, and become down-reg u lated there af ter. Although nes-

tin has been widely used as a marker for mus cu lar and neu ral pro-

gen i tor cells, its reg u la tion by extra cel lu lar ligands has never been 

reported. Thus, the pres ent study inves ti gated nes tin expres sion 

and the reg u la tory sig nal ing of its re-expres sion fol low ing serum 

depri va tion in primary cul tures of rat aor tic VSMCs.

Mate ri als and meth ods

Immu no flu o res cence micros copy. The cells were fixed with 

cold meth a nol on ice and then im mu no la beled with anti bod ies 

Epidermal growth factor up-regulates the expression of nestin through  

the Ras-Raf-ERK signaling axis in rat vascular smooth muscle cells

Yuan-Li Huang a,1, Guey-Yueh Shi b,c,1, Meei-Jyh Jiang d, Hsinyu Lee e, Yao-Wen Chou a, Hua-Lin Wu b,c,*, 
Hsi-Yuan Yang a,*

a Insti tute of Molec u lar and Cel lu lar Biol ogy, National Tai wan Uni ver sity, No. 1, Sec. 4, Roo se velt Road, Tai pei 106, Tai wan
b Depart ment of Bio chem is try and Molec u lar Biol ogy, Col lege of Med i cine, National Cheng Kung Uni ver sity, No. 1, Uni ver sity Road, Ta inan 701, Tai wan
c Car dio vas cu lar Research Cen ter, National Cheng Kung Uni ver sity, No. 1, Uni ver sity Road, Ta inan 701, Tai wan
d Depart ment of Cell Biol ogy and Anat omy, National Cheng Kung Uni ver sity, No. 1, Uni ver sity Road, Ta inan 701, Tai wan
e Insti tute of Zool ogy, National Tai wan Uni ver sity, No. 1, Sec. 4, Roo se velt Road, Tai pei 106, Tai wan

a r t i c l e  i n f o a b s t r a c t

Article history:

Received 23 September 2008

Available online 11 October 2008

 

The con trac tile-syn thetic phe no typic mod u la tion of vas cu lar smooth muscle cells (VSMCs) is a key event 

dur ing ath ero scle ro sis pro gres sion. Although many stud ies have reported pos si ble cyto kines and growth 

fac tors impli cated to this pro cess, the crit i cal fac tors affect ing the VSMC phe no type remain unclear due to 

the lack of early de-dif fer en ti a tion marker iden ti fi ca tions. In this study, we showed that nes tin, an inter-

me di ate fil a ment pro tein, is expressed in primary cul tures of rat VSMCs rep re sent ing the syn thetic phe-

no type and its expres sion is dimin ished as these cells re-dif fer en ti ate after serum depri va tion. How ever, 

the reg u la tion of nes tin expres sion was never reported despite its com mon usage as an early dif fer en ti a-

tion marker. Herein, we showed that nes tin expres sion is reg u lated by epi der mal growth fac tor (EGF) via 

de novo RNA and pro tein syn the sis. Fur ther more, sig nal ing anal y ses revealed that the EGF-induced nes tin 

re-expres sion is med i ated through the acti va tion of the Ras-Raf-ERK sig nal ing axis. This is the first report 

to show that nes tin expres sion is reg u lated by an extra cel lu lar sig nal ing mol e cule.
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to  nes tin (1:500, PharM in gen, San Diego, USA), smooth muscle-a 

actin (aSMA) (1:200, Ab cam, Cam bridge, UK), and smooth muscle 

myo sin heavy chain (SM-MHC) (1:400, Santa Cruz Bio tech nol-

ogy, Santa Cruz, USA). DAPI was used for the count er stain ing of 

nuclei. Prep a ra tions were exam ined with Zeiss Ax i o plan2 pho-

to mi cro scope equipped with epi fluo res cence optics (Carl Zeiss, 

 Oberko chen, BRD).

Rat aor tic smooth muscle cell cul ture. Cell cul tures of rat aor tic 

VSMCs were prepared using an explant method [13] and those 

VSMCs at pas sages 4–10 were used in all exper i ments. Dou ble-

label ing immu no flu o res cence micros copy with dif fer ent com bi na-

tions of nes tin, aSMA, and SM-MHC were car ried out on 300 cells 

to iden tify the phe no type of the primary cul tures and to ver ify the 

per cent age of VSMCs in them.

Inter me di ate fil a ment-enriched prep a ra tions. IF-enriched  prep a ra - 

tions were iso lated from rat VSMCs as described pre vi ously [8] with 

a few mod i fi ca tions. In brief, cells were lysed with an extrac tion 

buffer con tain ing 1% Tri ton X-100, 20% glyc erol, 10% DMSO, 2 mM 

EGTA, 100 mM MgCl2, 100 mM NaCl, 20 mM sodium ace tate, and a 

com plete pro te ase inhib i tor cock tail (Roche Diag nos tics, Mann heim, 

BRD), pH 6.5. The extracts were cen tri fuged at 21,460g for 15 min. 

The pel lets were dis solved with urea buffer (8 M urea, 10 mM Tris–

HCl, 15 mM 2-mercap toethanol, pH 7.5) for 30 min, then cen tri fuged 

at 21,460g for 15 min. The super na tant was col lected for IF-enriched 

prep a ra tions.

Whole cell extrac tion. Whole cell lysates were obtained as 

described pre vi ously [14]. Pro tein con cen tra tion was mea sured by 

the Bio-Rad method.

Western blot ting anal y sis. IF-enriched prep a ra tions or whole cell 

lysates were sep a rated by SDS–poly acryl amide gel elec tro pho re sis 

and pro cessed for immu no blot ting as described pre vi ously [14]. 

The former was used to iden tify nes tin and vimen tin, and the  lat ter 

for aSMA or SM-MHC.

Results

Nes tin expres sion in primary cul tures of rat aor tic VSMCs

Pre vi ous stud ies indi cated that cul tured VSMCs dis played 

a syn thetic phe no type and re-dif fer en ti ate into the con trac tile 

type fol low ing serum depri va tion [2]. In this study, primary cul-

tures of VSMCs were prepared from adult aorta. When cul tured 

in  reg u lar medium con tain ing 10% FCS, over 98% of cells were 

aSMA+ while less than 3% of those cells were SM-MHC+ and no 

SM-MHC-IR was observed in aSMA¡ cells (Fig. 1A), indi cat ing 

that major ity of cells were VSMCs and these VSMCs exhibit the 

syn thetic phe no type. Dou ble-label ing with anti-nes tin and anti-

aSMA showed that major ity of aSMA+ VSMCs were nes tin+, and 

nes tin-IR was not detected in aSMA¡ cells (Fig. 1B). In addi tion, 

few nes tin+ cells exhib ited faint SM-MHC-IR based on anti-nes tin 

and anti-SM-MHC dou ble-label ing (Fig. 1C). Three days fol low ing 

serum depri va tion, nes tin-IR dimin ished sig nifi  cantly (Fig. 1E and 

F). Mean while, SM-MHC-IR increased mark edly in aSMA+ VSMCs 

(Fig. 1D). It is inter est ing to note that the a-actin-con tain ing stress 

fibers became prom i nent under serum depri va tion (Fig. 1D and E). 

These results were fur ther con firmed by immu no blot ting anal y-

ses. Time course exper i ment showed that nes tin expres sion level 

reduced pro gres sively and reached to its basal level 3 days after 

serum depri va tion while SM-MHC level increased (Fig. 2A). Taken 

together, these results indi cated that nes tin was expressed in 

primary cul tures of VSMCs which exhibit the syn thetic phe no type 

and its expres sion was dimin ished mark edly as VSMCs re-dif fer en-

ti ate into the  con trac tile phe no type fol low ing serum depri va tion.

EGF reg u lates nes tin re-expres sion in serum-deprived rat VSMCs

To iden tify fac tors capa ble of induc ing nes tin re-expres sion 

in serum-deprived VSMCs, we exam ined the effects of potential 

medi a tors [15,16] includ ing EGF, fibro blast growth fac tor-2 (FGF-2), 

insu lin-like growth fac tor-1 (IGF-1), plate let-derived growth fac-

tor-BB (PDGF-BB), and inter leu kin 1-b (IL 1-b). Among them, EGF 

was the most effec tive in induc ing nes tin re-expres sion (3.3 ± 0.6-

fold increase) (Fig. 2B). We next exam ined the dose and time 

course responses on nes tin expres sion towards EGF treat ments. 

Nes tin expres sion was stim u lated by EGF in a con cen tra tion-

depen dent man ner, reach ing a pla teau at 10 ng/ml (2.2 ± 0.3-fold 

con trol) (Fig. 2C). In addi tion, EGF-induced nes tin expres sion was 

time-depen dent, reach ing a max i mal level at 12 h and sus tained 

for 24 h (3.0 ± 0.4-fold increase) (Fig. 2D). Thus, a 24-h treat ment 

with 10 ng/ml EGF was used as positive con trol in subsequent 

exper i ments.

To ascer tain the spec i fic ity of EGF effects on nes tin re-  expres sion, 

serum-deprived VSMCs were treated with var i ous  con cen tra tions 

of EGF neu tral iz ing anti bod ies (0.1–5 lg/ml). The immu no blot ting 

(Fig. 3A) and immu no flu o res cence (Sup ple men tary Fig. 1D) results 

showed that EGF neu tral iz ing anti body at 1 and 5 lg/ml abol ished 

EGF-induced nes tin re-expres sion. It has been reported that VSMCs 

express all four types of EG FRs, ErbB1–4. How ever, among these 

recep tors, EGF only binds to ErbB1 [17]. Hence, an ErbB1-spe cific 

tyro sine kinase inhib i tor, AG1478 was used to exam ine its effects 

on EGF-induced nes tin expres sion. As shown by immu no blot ting 

(Fig. 3B) and immu no flu o res cence (Sup ple men tary Fig. 1E) anal-

y ses, AG1478 inhib ited the EGF-induced nes tin re-expres sion in a 

dose-depen dent man ner and abol ished EGF effect at the con cen-

A B C

D E F

MHC+ SMA Nestin+ SMA Nestin+MHC

Serum containing  medium

Serum free

Fig. 1. Nes tin expres sion in primary cul tures of rat VSMCs. Primary cul tures of rat VSMCs were cul ti vated in serum-con tain ing medium (A–C) or in serum-free medium (D–F). 

Merged images of SM-MHC and aSMA were shown in (A,D), those of nes tin and aSMA in (B,E), and those of nes tin and SM-MHC in (C,F). Nuclei were coun ter stained by DAPI.
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tra tion of 5 lM. These data indi cated that EGF stim u lates nes tin 

re-expres sion via the EGFR acti va tion.

EGF induces nes tin expres sion via de novo pro tein syn the sis

To deter mine whether tran scrip tional and trans la tional activ-

i ties are needed for the EGF-induced nes tin expres sion, VSMCs 

were pre treated for 1 h with acti no my cin D (Act-D), a tran scrip-

tional inhib i tor, or cyclo hex i mide (CHX), an inhib i tor of pro tein 

syn the sis. Both Act-D and CHX inhib ited the EGF-induced nes tin 

expres sion in a con cen tra tion-depen dent man ner (Fig. 3C and D), 

indi cat ing that the EGF-induced nes tin expres sion requires both de 

novo RNA and pro tein syn the sis.

EGF-induced nes tin expres sion is med i ated by Ras-Raf-ERK 

depen dent path ways

It is known that EGFR stim u lates mito gen e sis mainly through 

the PLCc-PKC, PI3 K-Akt, and Ras-Raf path ways [17]. To deter mine the 

sig nal ing path ways involved in the EGF-induced nes tin expres sion, 

the effects of spe cific phar ma co log i cal  inhib i tors was exam ined. We 

first exam ined the involve ment of PLCc-PKC path way by apply ing 

Fig. 2. Nes tin expres sion induced by EGF stim u la tion in rat VSMCs. (A) Primary cul tures of rat aor tic VSMCs were cul ti vated in serum-free medium for dif fer ent dura-

tions (0–3 days). Data were shown as per cent ages of the serum-con tain ing medium con trol (set at 100 as 0 day) and results are shown as means ± SEM (n = 4). (B) 

Iden ti fi ca tion of fac tors reg u lat ing nes tin expres sion in primary cul tures of rat VSMCs. Primary cul tures of rat aor tic VSMCs were cul ti vated in serum-free medium 

for 2 days and fol lowed by the treat ments for another 24 h with the fol low ing reagents: EGF (10 ng/ml), FGF-2 (10 ng/ml), IGF-1 (200 ng/ml), PDGF (10 ng/ml), and 

IL-1b (10 ng/ml). Nes tin expres sion was then assessed by immu no blot ting. Data were shown as folds of untreated con trol (set at 1.0 as UT) and results were shown 

as means ± SEM (n = 4). EGF dos age responses after treat ments for 24 h (C) and time course rela tion ships with 10 ng/ml of EGF (D) were tested on serum-deprived 

VSMCs. IF pro teins (5 lg) were immu no blot ted with anti-nes tin and whole cell lysates (20 lg) with anti-aSMA or anti-SM-MHC. Immu no blots were re-probed with 

anti-vimen tin and anti-b-actin to ensure equal load ing amounts. UT, untreated.
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a PLCc inhib i tor (U73122) and two PKC inhib i tors (GF109203X and 

cal pho stin C) to EGF-treated rat VSMCs. As shown in Fig. 4A, Sup-

ple men tary Fig. 2A and B, nei ther treat ment affected the EGF-stim-

u lated nes tin expres sion in VSMCs. Sim i larly, inhi bi tion of the PI3K 

path way by its inhib i tor LY294002 also did not atten u ate the EGF-

induced nes tin expres sion (Fig. 4B). In con trast, treat ment with a 

Raf-1 inhib i tor, GW5074, inhib ited EGF-induced nes tin expres sion in 

a con cen tra tion-depen dent man ner, with the EGF effects abol ished 

at the con cen tra tion of 3 lM (Fig. 4C).

It is well doc u mented that mito gen-acti vated pro tein kinases 

(MAPK), ERK, p38, and JNK are major medi a tors of Ras-acti-

vated mito gen e sis [18]. We found that ERK1/2 phos phor y la tion 

was induced by EGF within 1 min (data not shown). To exam ine 

the role of ERK1/2 in the EGF-induced nes tin re-expres sion, the 

effects of U0126 which blocks ERK 1/2 acti va tion was exam ined. 

Treat ment with U0126 sup pressed EGF-induced nes tin expres-

sion in a con cen tra tion-depen dent man ner and abol ished EGF 

effects at the con cen tra tion of 10 lM, as shown by immu no-

blot ting (Fig. 4E) and immu no flu o res cence micros copy (Sup-

ple men tary Fig. 1G). The roles of other MAPK path ways in the 

EGF-induced nes tin expres sion were also exam ined. As shown 

by immu no blot ting anal y ses (Sup ple men tary Fig. 2C and D) and 

immu no flu o res cence micros copy (Sup ple men tary Fig. 1H and I), 

nei ther the inhi bi tion of p38 or JNK affected the EGF-induced 

nes tin expres sion. These results indi cated that EGF induces nes-

tin re-expres sion through the  Ras-Raf-ERK, but not the PLCc-

PKC, PI3K, JNK, or p38 path ways.

Dis cus sion

The IF cyto skel e ton is com posed of more than 70 sub unit 

 pro teins which are expressed in a tis sue- and dif fer en ti a tion 

stage-spe cific man ner [19]. It is widely known that the main 

func tion of IFs is to pro vide mechan i cal sup port to cells of mul ti-

cel lu lar organ isms [19]. Intrigu ingly, recent stud ies have revealed 

a non-mechan i cal cy to pro tec tive role of IFs in which they could 

act as tis sue-spe cific scaf folds to orga nize and mod ify sig nal-

ing path ways for cell sur vival, migra tion, and the seques ter ing 

Fig. 3. EGF-induced nes tin re-expres sion via de novo pro tein syn the sis in rat VSMCs. Rat aor tic VSMCs were serum-deprived for 2 days, pre in cu bated for 1 h with dif fer ent dos ages 

of var i ous reagents and fol lowed by the co treat ment with 10 ng/ml EGF for another 24 h, and nes tin expres sion were then assessed by immu no blot ting with anti-nes tin. Reagents 

used for pre in cu ba tion and co treat ments were 0.1, 1, and 5 lg/ml of each of EGF neu tral iz ing anti body (A), acti no my cin D (C), cyclo hex i mide (D), or 0.1, 1, and 5 lM of AG1478 (B). 

Cells treated only with EGF were used as con trols (set at 1.0) and data were shown as folds of it. The results were shown as means ± SEM (n = 3). Immu no blots were re-probed with 

anti-vimen tin and anti-b-actin to ensure equal load ing amounts. UT, untreated; EGF nAb, EGF neu tral iz ing anti body; Act-D, acti no my cin D; CHX, cyclo hex i mide.
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of stress-acti vated kinases [20]. Nes tin is a type IV IF pro tein 

mainly expressed in muscle and neu ral pro gen i tors, as well as in 

their imma ture descen dants dur ing devel op ment [5–7]. Nes tin 

expres sion is gen er ally ceased in mature cells, but resumes fol-

low ing inju ries [10–12]. Although nes tin has been widely used 

as a marker for mus cu lar and neu ral pro gen i tor cells, its role and 

func tion remain largely unknown and has been a focus of recent 

researches. Pre vi ous stud ies have shown that nes tin plays an 

impor tant role in reg u lat ing the struc tural dynam ics of vimen tin 

IFs through vimen tin phos pho ry la tions dur ing mito sis [21]. Fur-

ther more, a recent nes tin RNAi study has revealed that tran sient 

expres sion of nes tin pro motes the pro lif er a tion of repop u lat-

ing mes an gial cells fol low ing mes an gial injury in the anti-Thy1 

nephri tis model [22]. In addi tion, nes tin was indi cated to have 

cy to pro tec tive func tions in a neu ral stem cell line, ST15A, by act-

ing as a scaf fold for Cdk5 wherein it pre vents  Cdk5-depen dent 

apop to sis by the seques ter ing of Cdk5/p35 com plexes [23]. In 

addi tion, our preliminary nes tin RNAi data revealed that the 

knock down of nes tin expres sion increased cell mor tal ity fol low-

ing H2O2 treat ment and atten u ated the EGF-induced pro lif er a-

tion in rat VSMCs (unpub lished data).

Based on the obser va tions on mor phol ogy and the loss of 

 con trac tile pro teins, it has been shown that cul tured VSMCs dis play 

the syn thetic phe no type [2]. Our pres ent study fur ther showed that 

nes tin is indeed expressed strongly in primary cul tures of aSMA+ 

VSMCs, while faint SM-MHC-IR was detected only in less than 3% of 

these cells. Han et al [24] showed that serum depri va tion results in 

cell re-dif fer en ti a tion with increased expres sion of VSMC-spe cific 

con trac tile pro teins such as SM-MHC, aSMA, and SM22. In addi-

tion, our results showed that nes tin-IR was dimin ished whereas 

SM-MHC-IR was aug mented upon serum depri va tion (Figs. 1 and 

2A). Fur ther more, serum depri va tion also mark edly induced the 

re-orga ni za tion of actin fil a ments into stress fibers (Fig. 1D and E) 

which pro vides another indi ca tor for the dif fer en ti a tion state of 

the con trac tile VSMC [25]. These results sug gest that nes tin is a 

de-dif fer en ti a tion marker for the syn thetic SMCs.

Iden ti fi ca tion of fac tors that induce nes tin re-expres sion is 

impor tant for under stand ing the early phase of ath ero scle rotic 

Fig. 4. EGF-induced nes tin expres sion through Ras-Raf-ERK depen dent path ways in rat VSMCs. Rat aor tic VSMCs were serum-deprived for 2 days, pre in cu bated for 1 h with 

dif fer ent dos ages of var i ous reagents and fol lowed by the co treat ment with 10 ng/ml EGF for another 24 h, and nes tin expres sion were then assessed by immu no blot ting with 

anti-nes tin. Reagents used for pre in cu ba tion and co treat ments were EGF only, 0.1 and 1 lM of U73122 (A), 1, 5, and 10 lM of LY294002 (B), 0.1, 1, and 3 lM of GW5074 (C), 

or 1, 10, and 20 lM of U0126 (D). Data were shown as folds of EGF only cells (set at 1.0). Immu no blots were re-probed with anti-vimen tin and anti-b-actin to ensure equal 

load ing amounts. UT, untreated; LY, LY294002.



366 Y.-L. Hu ang et al. / Biochemical and Biophysical Research Communications 377 (2008) 361–366

pro gres sion. How ever, reg u la tors of nes tin expres sion have 

never been reported. Pre vi ous stud ies have sug gested that due 

to their stim u la tory effects on con trac tile-syn thetic trans for-

ma tion fea tures such as pro lif er a tion and migra tion in VSMCs, 

sev eral growth fac tors such as EGF, FGF-2, IGF-1, PDGF-BB, and 

IL-1b may act as pro ath er o gen ic fac tors [15,16]. Herein, these 

growth fac tors were applied to inves ti gate their effects on nes-

tin re-expres sion. Results illus trated that among those potential 

medi a tors, only EGF sig nifi  cantly induced nes tin re-expres sion 

in serum-deprived rat VSMCs (Fig. 2B). The fact that the EGF-

induced nes tin expres sion was abol ished by EGF neu tral iz ing 

anti body fur ther con firmed EGF effects on nes tin expres sion 

(Fig. 3A). The devel op ment of ath ero scle ro sis involves a mul-

ti step pro cess reg u lated by multiple fac tors. In this study, the 

results showed that among all fac tors exam ined, nes tin expres-

sion is reg u lated mainly by EGF.

Pre vi ous stud ies have shown that the EG FRs have been 

 iden ti fied immu no cy to chem i cally on primary cul tures of 

rat VSMCs [17]. In this study, we found that EGFR1 was also 

expressed on rat VSMCs as dem on strated by RT-PCR and immu-

no blot ting (data not shown). Treat ments of AG1478 abol ished 

the EGF-induced nes tin re-expres sion, con firm ing the involve-

ment of EGFR in this pro cess. It is inter est ing to note that EGF 

pro motes de-dif fer en ti a tion of primary cul tures of vis ceral and 

aor tic SMCs [3]. It has also been shown that the block age of EGFR 

inhib its VSMCs pro lif er a tion in the tunica media at 2 days upon 

bal loon injury of carotid artery, and also inhib its inti mal hyper-

pla sia at 14 days post-injury [26]. Based on the fact that nes tin 

may facil i tate pro lif er a tion, EGF-  stim u lated nes tin expres sion 

may also play an impor tant role in the subsequent VSMC pro lif-

er a tion and neo in ti ma for ma tion.

In the pres ent study, we showed that nes tin re-expres sion in 

serum-deprived rat VSMCs was induced through the EGF-ErbB1 

inter ac tion and the subsequent intra cel lu lar sig na lings involv-

ing the Ras, Raf, MEK, and ERK, but not the PLC, PI3K, p38, or 

JNK  path ways. The PI3K/PKB(Akt) path way is involved in the 

 main te nance of the dif fer en ti ated phe no type of VSMCs, whereas 

the ERK and p38MAPK path ways are respon si ble for induc ing the 

de-  dif fer en ti a tion of VSMCs in primary cul tures [3]. In agree ment, 

our results showed that the ERK path way plays an impor tant role 

in the growth fac tor-induced VSMC de-dif fer en ti a tion.

In con clu sion, the pres ent study showed that nes tin is expressed 

in primary cul tures of syn thetic VSMCs, and its expres sion is 

closely asso ci ated with the con trac tile-syn thetic trans for ma tion 

of VSMCs. Fur ther more, nes tin dis ap peared in serum-deprived 

VSMCs. In addi tion, this study showed that EGF acts as a reg u la tor 

of nes tin expres sion via ErbB1 acti va tion in VSMCs. This is the first 

to pro vide evi dence that nes tin expres sion can be mod u lated by an 

extra cel lu lar sig nal ing mol e cule.
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