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Abstract

The present study investigated whether peroxynitrite (ONOO)-elicited cytotoxicity on human
brain vessel smooth muscle cells (HBVSMCs) was related to alteration in programmed cell
death 4 (PDCD4) gene expression. Cell viability, morphological changes and apoptosis were
determined by_methylthiazoletetrazolium (MTT) assay, acridine orange staining and flow
cytometry, respectively. Expressions of PDCD4 at both mRNA and protein levels were
examined by RT-PCR and Western blot respectively. Protein expressions of caspase-3, Bcl-2
and Bax were detected by Western an increased apoptotic rate of HBVSMCs after treatment
with ONOO". ONOO" was able to upregulate mRNA and protein expressions of the PDCD4
gene. Moreover, protein expressions of caspase-3 and Bax were significantly increased,
whereas the expression of Bcl-2 was markedly decreased in response to exposure of ONOO'.
This study demonstrates, for the first time, that the PDCD4 gene is involved in ONOO'-
induced apoptosisin HBVSMCs.
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I ntroduction

Vascular diseases are characterized by altegtadn
As a fundamental signaling molecule, nitric oxidéO( blood vessel structure determined mainly by theustaf
not only regulates critical cellular functions, boediates VSMC, which is now viewed as the result of the cppg
cellular damages as well. The latter is now redlitebe  €effects of cell proliferation and apoptosis. As VE#lis
mainly attributed to the production of ONO@ther than the major component of blood vessel wall, apoptosis
NO itself [1]. ONOO, the product of a reaction between VSMCs is a prominent feature of the vascular rerfioge
nitric oxide and superoxide, is a potent and véesat process that occurs in atherosclerosis, hypertensio
oxidant [2]. In biological systems, the detectiofi o restenosis and stroke [6]. It is well establishieat free
ONOO is extremely difficult due to its short biological radicals, which consist of two major types, i.eactive
half-life, multiple target reactions, participatiomf Oxygen species (ROS) and reactive nitrogen species
alternative  oxidation/nitration ~ pathways  etc.[3]. (RNS), such as OH’, Q NO’, and ONOQ are
Cytotoxicity of ONOO is dependent on its accessibility. overproduced in the course of abnormal metabTIic
In fact, ONOO possesses a unique trait that can diffus@rocessegs, 6]. Thus, extensive study on apoptosis |of
freely across phospholipid membrane bilayers tatrea VSMCs elicited by free radicals is of importance to
with a wide variety of bieanacromolecules, which decipher mechanisms underpinning these aforememiiqn
commits cells to necrosis or apoptosis in differeali  vascular disorders.
types [4, 5] including vascular smooth muscle cells . ! .
(¥/pSMC[s). ']rhus, it gis conceivable that excessive’ r€Viously, we demonstrated that ONOGan trigger

generation of endogenous ONO@ays key roles in the apoptos?s in canine VSMCS [7]'. I—_|owever, the_ pf‘?Cise
initiation and progress of vascular diseases. mechanisms underlying ONO@®licited apoptosis in
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VSMCs are still unknown. RecentlyPDCD4 has ONOO was also tested after the solution of ON@@s
emerged as a novel tumor suppressor gene, which keptin PBS (pH 7.2) at 37 °C for 30 min as we dbed
ubiquitously expressed in normal tissues, but, kst previously [7].

suppressed expression BDCD4 in several tumors that

correlates with tumor progression and poor prognfdi  After 24 h of incubation with ONOOMTT was added to

Its degradation is necessary for efficient proteirreach a final concentration of 0.5 mg/ml and incigoe
translation in vivo, which is a prerequisite for cell for a further 4 h at 37°CMedium was subsequently
proliferation [9]. Notably it has been found tHRDCD4 removed and the precipitate in each well was dissbin

is up-regulated during apoptosis in several cqlesy[8, dimethylsulfoxide. Plates were incubated for anot®@

9]. To date, however, no report in the literature b@sn min in the dark. Optical density (OD) value, which
appeared on its potential role of PDCD4 in ONOO represents the absorption of formazan dissolved by
induced apoptosis of VSMCs. Therefore, the preser®MSO at 570 nm, was measured using an ELISA reader
study was designed to investigate whether apoptufsis (Multiskan MK3, Finland).

HBVSMCs occurs in response to ONQ@vith special

attention given to the induction &fDCD4 expression in M orphological Observation

this process.

Morphological changes of HBVSMCs in response to

Materialsand M ethods different concentrations of ONOQor 24 h incubation
were evaluated by acridine orange (AO). Brieflyllscés
Materials x10" / well) were seeded into 24-well plate containing

ONOO was purchased from Cayman CHEMICAL (Ann, 1ml culture medium. After incubation for 24 h, the
Arbor, MI, USA, Cat. 81565) and frozen at -80°Cdref medium was removed and refilled with new serum-free
use, since the product is heat and light sensifieéivity =~ medium containing ONOGat concentrations of 10, 50,
decreases approximately 2% per day at -20 °C. ThEOOuM for 24 h incubation. Cells were washed twice by
Human Brain Vascular Smooth Muscle Cells (HBVSMCsphosphate buffered saline (PBS), fixed with 95%ladd
#1100) were obtained from the ScienCell Researcfor 10 min and then stained by 0.01% acridine ogsfiog
Laboratories (USA). Smooth muscle cell medium for5 min. After washing twice with PBS, morphological
definite purpose, fetal bovine serum and smoothcteus changes were examined by fluorescence microscope
cells growth factors were from the ScienCell Resear (Leica, DMI3000) Cells which presented with nuclear
Laboratories (USA). Rabbit-anti-PDCD4 polyclonal fragmentation and/or marked condensation of chrimmat
antibody was purchased from BioWorld, Inc. (USA)l A with reduced nuclear size, or apoptotic body, were
other agents were purchased from Sigma (St. L@, interpreted as apoptotic cells.
USA).

Flow Cytometry Assessment
Cdl Culture Occurrence of apoptosis was quantitatively assebged
HBVSMCs were cultured in smooth muscle cells mediunilow cytometry using Annexin V-FITC and propidium
containing 10% fetal bovine serum, 100 U/ml peligil iodide (PI). Cells (5x1Wml) were seeded into 6-well
and 100ug /ml streptomycin at 37°C in a humidified plate and treated with ONOGor 24 h. After treatment,
atmosphere composed of 95% air and 5%,.CCells cells were trypsinized, washed with PBS. After viagh
were regularly sub-cultured with 0.25% trypsin, dhen  cells (1x10/ml) were resuspended in binding buffer (200
seeded into Petri dish@/ dish), 24 or 96-well plate for ul) containing Annexin V-FITC (54, 20 ug/ml) and PI

different experiments. (20 pl, 20 png/ml) for at least 15 min at room temperature,
and then added binding buffer (30 before analysis
Cell Viability Assessment with a FACScan (BectonDickinson, Mountain View, CA,

The 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-Diphenylte- USA) using CellQuest software (BD Biosciences, San
trazolium Bromide (MTT) assay was employed to asseslose, CA, USA). A minimum of fCcells were counted
the cell viability. MTT assay was based on theighdf  for each assay.

the viable cells to reduce soluble yellow MTT taidl

formazan crystals. In brief, cells (1¥10ell) were seeded Reverse Transcription-Polymerase Chain Reaction (RT-

into 96-well plate containing 10Ql culture medium. PCR)

Twenty-four hours before ONO@eatment, medium was Total RNA was extracted using TRIzol (Invitrogemda
replaced with 1% serum medium. ONQf@&s diluted in  was further purified with RNeasy purification kit
phosphate-buffered saline (PBS; pH 8.3) and watljr  (Qiagen). The reverse transcription reaction was
added to the culture medium at final concentratimins0,  performed using the ExScrioptRT reagent kit (Takara
50, 100uM for 24 h incubation. Control sample was a final volume of 2Qul containing 1pg total RNA, 4pl
treated with PBS (pH 8.3) only. The effect of deposed 5%ExScriopt buffer, il deoxynucleotide triphosphate

598 Biomed Résdia 2012 Volume 23 Issue 4



Peroxynitrite-induced apoptosis in human brain wagcsmooth muscle cells...

(dNTP) mixture, 1ul OligodT primer, 0.5ul ExScriopt saline-Tween (TBST) overnight at 4°C. After washing
RTase, 0.5 RNase inhibitor and RNase-free water to awith TBST, the membrane was incubated with a
volume of 20ul. RT was performed at 42°C for 15 min, secondary antibody against mouse IgG accordingly.
and terminated by heating at 95°C for 2 min. PCR waEventually, immunoblots were detected using an K{fL
performed following the instruction of TakaRa THq (Santa Cruz, CA, USA) and visualized after X-raynfi
under the following conditions: predegeneratio®3¥C  exposure. Blots were reprobed wiflractin antibody
for 3 min, degeneration at 95°C for 45 s, and weatibn  (1:2000) after stipping the membrane used for foeea |
at 60°C for 40 s, elongation at 72°C for 50 s. Pnixcess mentioned detection of specific signals and thalltes
was 28 cycles in total. The products were idemtifiy = were used as loading controls. Densitometer reading
1% agarose gel electrophoresis. All experimentsewerwere used to quantitate immunoreactive bands. The
conducted three times. The primers were as follows relative OD ratios of PDCD4, cleaved caspase—S;ZBcl
and Bax were calculated with the Image J software b
PDCD4: forward: 5-ATGTGGAGGAGGTGGATGTG-3; comparison t@-actin.
reverse: 5- TGGTGTTAAAGTCTTCTCAAATGC -3.
B-actin: forward: 5-CTCCTTAATGTCACGCACGATTT-3 Statistic Analysis

reverse: 5-GTGGGGCGCCCCAGGCACCA-3 Data were presented as mean * SD. Statistical
calculations were performed using SPSS11.5 software
Western Blot package from at least three separate experimerits.

HBVSMCs, which had been subjected to different(Explain the statistical procedure/principle in ealetail).
concentrations of ONOQwere harvested at indicated One-way analysis of variance (ANOVA) was applied by
time points and lysed with a cold radio immuneFisher's protected least significant difference§B)-test
precipitation buffer (RIPA) protein lysis bufferrf80 min  to compare the means of multiple groupsialues of less
on ice.Lysates were transferred to Eppendorf tubes anhan 0.05 were considered as significant.

clarified by centrifugation at 12 0§Cor 15 min at 4°C.

The supernatant was kept at -80°C until use. ThefBrd  Resylts

method was used to determine the protein concentirat

of the supernatant. Samples (4@ of total protein each) Etfects of ONOO™ on Cell Viability in HBVSMCs

were boiled at 95°C for 5 min and loaded onto sudiu Treatment with ONOO resulted in a concentration-
dodecyl sulfate polyacrylamide gel electrophor¢SBS-  gependent reduction of survival of HBVSMCs as
PAGE) containing 5% stacking gel and 15% separatingyjgenced by MTT assay (Fig. 1). The greater the
gel, followed with a separation at 80 V for about 2nd  ¢oncentration of ONOTQwas administratedthe less the
subsequent transferred to a polyvinylidene difideri nymper of surviving cells_was remainedJse of

membrane. The membrane was blocked in 5% defatteghcomposed ONOQsee Materials and Methods) failed

antibodies (anti-PDCD4: 1:1000, anti-caspase-900.:4 narameters tested below.
anti-caspase-3: 1:400, anti-Bcl-2: 1:400, and anti-
Bax:1:400) and diluted in 5% defatted milk/Tris-feué&d

120

10 50 100 200
concentration of ONOO™ (uM)

Figure 1. Effect of ONOOQon viability of HBVSMCs. With the increase in camication of ONOQ
the viability of HBVSMCs decreased obviously. ON@nificantly reduced cell viability in a
concentration-dependent manner

Effects of ONOO  on Morphological Changes in
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HBVSMCs A
In order to assess whether cell death induced b ON

was due to necrosis or apoptosis, morphologicahgbs

of HBVSMCs after treatment with different
concentrations of ONOQGor 24 h was determined by AO : ! P

staining. Cells without ONOO treatment showed i 1 - ’

polygonal shape, but, cells treated with ON®Ecame 12 | ] < A ,
rounding-up, or had cytoplasmic contraction and — e
chromatin condensation. Apoptotic bodies, the main
morphological characteristic of apoptosigere present. f ]

Thus, our data indicted that ONOQQredominately ; ‘ g
induced apoptosis of the HBVSMCs (Fig.2). ! ’ ‘

Apoptotic rate (%)

g 0 10 50 100

Concentration of peroxynitrite (uM)

4001 m

Figure 3. Detection of apoptotic rates by FCM. A:
] ] ) HBVSMCs were treated with ONO&I concentrations of
Figure 2. _Morphologlcal changes in the_z _HBVSMCSO (@), 1M (b), 50 uM (c), and 100uM (d). X-axis
treated with ONOO- using AO staining under onresents the density of propidium iodide (PI) afhaxis
fluorescence microscopy (x200). Cells vv_|thout QNOOrepresentS the density of Annexin V-FITC. Quadiht
treatment showed polygonal shape. After incubatiéh  opresents the apoptotic rates of cells; quadrar? D
ONOG' cells changed morphologically, became gpresents the necrosis of cells; quadrant D3 regngs
rounding-up, or had cytoplasmic contraction andihe normal cells; quadrant D4 represents the naked
chromatin condensation, and apoptotic bodies wergcleus of cells. B: Quantitative analysis indichtiat
present. (A) control; (B) 10uM; (C) 50uM;  the apoptotic rates of HBVSMCs treated with;&0 and

(D) 100uM. 100 uM ONOO were significantly increased compared
with those in the control group, *P<0.05. The dataown
Flow Cytometry Analysis (FCM) here were the meanzSD of three separate experiments

Quantitative analysis of apoptotic cells was deieeah by

FCM. Compared to the apoptotic rate of _control xell Effects of ONOO™ on mMRNA Expression of PDCD4 in
(5.84%), rates exposed to ONO&R concentrations of 10, HBySMCsby RT-PCR

50, 100uM for 24 h incubation were approximately 5.8%, .

12.6%, and 38.5%, respectively (Fig. 3). Statistica!n order to test whether treatment W|t_h ONO¢»uld
analysis showed that the apoptotic rates of HBVSMcgodulate the PDCD4 mRNA expressions, HBVSMCs
treated with 50uM and 100uM ONOO, rather than Were treated with ONOOat different concentrations.
treated with 1QuM ONOO, were significantly increased Compared to control cells, PDCD4 mRNA expressions i
compared with those in the control grouP€0.05, Fig. all experimental groups were upregulated after 2df h
3), indicating that the percentage of apoptoticlscel €XPOSUre. Image J software was used to analyze the
elevated with the increase in the concentratioDO. relatlvg photodensity, witl-actin as standard. S_tatlstlc
These results further suggested that HBvVSMc@nalysis showed that PDCD4 mRNAexpression was

underwent apoptosis in response to this oxidatigali. significantly higher in experimental groups in campon
to that of the control groupPx0.05(Fig.4).
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Figure 4. Effect of ONOOon expression of PDCD4 _. .
MRNA in HBVSMCs.(A ) Representative RT-PCR " '0ure 5 Effect of ONOOon expression of PDCD4
assessment of PDCD4 expression in both control angrotein in HBVSMCs.(A) Representative Western blot
cells exposed to ONOQ@t concentrations of 10M; 50  analysis of PDCD4 expression in both control andsce
uM; and 100uM. (B) Graphs showquantification of exposed to ONOGat concentrations of 10M; 50 uM;

DNA bands by densitometric scanning. Relative ARNand 100xM. (B.) Protein levels were quantified by
level was presented as the ratio of densities c€BBto  densitometric analysis and normalized fsactin. Cells

p-actin binds. Cells treated with ONO@t concentration  treated with ONOOat concentrations of 10M; 50 iM;

up to 100 xM showed significant increase in the 5nq 100 yM showed significant increases in the

expression of PDCD4 compared with control, *P<0'05'expression PDCD4 compared with control, *P<0.05eTh
The data shown here were the meantSD of three a&par '
data shown here were the meani#SD of three separate

experiments )
experiments

Effects of ONOO™ on Protein Expression of PDCD4 in
HBVSMCs by Western blot
Effects of ONOO™ on Protein Expressions of Caspase-3,
To further investigate the alteration of PDCD4 egsion Bax and Bcl-2 in HBVSMCs by Western blot
at protein level, Western blot was employed in thagk.
Protein expression levels of PDCD4 in three expenim |t is well recognized that the onset of apoptosisitiated

groups treated with ONOGat concentrations of 10, 50, anq executed via a caspase-dependent and/or aseaspa

100uM for 24 h were upregulated at 24 h when compare ;
to controls. Image J software was used to analliee t%dependent pathway. To probe which pathway was

relative photodensity wittB-actin as standard. Statistic mvolved_ in  ONOQinduced  apoptosis, prote_ln
analysis showed that PDCD4 protein expression waSXPressions of caspase-3, Bcl-2 and Bax were examin
significantly higher in experimental groups in caripon ~Compared to the control group, expression of casfas
to that of the control groupP<0.05(Fig.5). It should be Wwas increased significantly after exposure to ON@O
pointed out that the PDCD4 expressions at indicited  concentrations of 50 and 1@®1 for 24 h. Moreover, the
points were different, in certain degrees, betw#®sm expression of Bcl-2 (an anti-apoptotic gene) was
protein and mMRNA levels. The explanation for thedecreased, whereas, the expression of Bax (a pro-

discrep_ancy of the mRNA and protein abundances_lmigtapoptotic gene) was markedly increaseB<0.05, or
be a time lag between the responses of transcnigt axp <0.01(Fig.6).

translation of this gene.
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gene expression, providing evidence for its role in
Cleaved Caspase-3 apoptosis [B]. However, little is known about the role of
PDCD4 in vascular diseases. Since PDCD4 has a tight
relation to cell apoptosis, we assume that theadlten of
| T T Sme® R PDCD4 is likely to occur in the course of ONO®
induced apoptosis in HBVSMCs. We demonstrated for
the first time that expression of PDCD4 mRNA inces
Peroxynitrite (WM) 0 50 100 after exposure of HBVSMCs to ONOOOur findings
o imply that ONOGO-induced apoptosis in HBVSMCs is
Pesoxiiite (GO related to induction of PDCD4 expression, which hmig
Peroxynitrite (100 1iM) play an important role in mediating apoptosis in
HBVSMCs. These results were consistent with our
previous reports found in tumor cells [14, 15].

| A — —

— — ——" Bcl-2

B-actin

oo}

250
200

150

100 It is well established that at least two classiabptotic

pathways, i.e., the mitochondrial pathway and thatlal
receptor pathway, both of which lead to activatmin
Pm— Bel-2 B caspase cascades though a series of interactiprg/¢4
Caspase-3 found that ONOO led to significant upregulation of
caspase-3 activation, suggesting that the mitoatnd
apoptotic pathway plays important roles in ONOO
induced apoptosis in HBVSMCs. Furthermore, we
demonstrated that when apoptosis occurred, the

50

Relative expression (%)

Figure 6. Effect of ONOO on protein expressions of
caspase-3, Bcl-2 and Bax in HBVSMCs. A )
| Representative Westetnlot analysis of expressions of

caspase-3, Bcl-2 and Bax in both control and cellgypression of Bel-2 protein was reduced signifitant
exposed to ONOGat concentrations of 1AM; 50 uM;  \yhereas, the expression of Bax was increased. This

and 100uM ONOQO. (B) Statistic analyses revealed that jngicates that Bcl-2 family protein may be involved
ONOG significantly increased the expressiongleaved-  ONOO-induced damage in HBVSMCs.

caspase-3 and Baxvhereasinhibited the expression of

Bcl-2 in HBVSMCs compared with control group, |n conclusion, the current study demonstratesRRXED4
*P<0.05, **P<0.001. The data shown here were theparticipates in ONOGInduced apoptosis in HBVSMCs.

mean + SD of three separate experiments. The precise role of PDCD4 underlying the action of
) _ ONOO needs to be explored further. As ONOO
Discussion generationin vivo is a crucial pathogenic mechanism

responsible for vascular diseases, the intensive
In the present investigation we demonstrated th®O  jnvestigation aimed at removing ONO®ight offer a
decreased the viability of HBVSMCs in a concentrati new powerful therapeutic approach for the treatrent
dependent manner as shown by MTT assay, indicatingascular disorders in the future.
that ONOO was able to suppress the growth of HYSMCs
in vitro. Exposure of HVSMCs to ONOOled to Acknowledgements
morphological alterations which were in accordawité
typical morphological characteristics of cells that
underwent apoptosis. Moreover, the apoptotic ratee
increased when cells exposed to ON@® confirmed by
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apoptosis, rather than necrosis, induce@®byOO. These
data were similar with our previous findings in tauéd
VSMCs from animals [7].
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