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ABSTRACT KEYWORDS
Exposure of cells to densely ionizing radiation can initiate a series of Alpha-particle;
molecular and cellular events, which result in the gain and loss of functions 3T3-L1cel;
in critical regulatory genes and cellular damage. In the present study, Irradiated injury;
alpha-particle radiation-induced insulin resistance and toxic injury to 3T 3- GLUT-4;

L1 preadipocyte were observed, and the mechanism underlying the action IRS-1.

wasinvestigated. 3T3-L 1 preadipocyteswereirradiated by different doses
of alpha-particleat 0Gy ,0.3Gy, 0.6 Gy, 1.0Gy, 15Gy,2.0Gy, and

4.0Gy . Cloning efficiency wasinvestigated to eval uate the cellular toxic

effect of alpha-particleirradiation on cellular viability. Cytokinesis-block
micronucleustechnique (CB-MNT ) and single-cell comet assay COMET
assay ¥ wereused to observe alpha-particle irradiation-induced DNA
damage. Expression of caveolin-1, IRS-1 (insulin receptor substrate-1)
and GLUT-4 ( glucose transporter-4 ) were analyzed by western blot and
Reverse-transcription PCR (RT-PCR). Alpha-particleirradiation inhibited
cloning efficiency, and increased micronucleus cellsand the DNA damage
in 3T3-L cells in a dose-dependent manner. Alpha-particle irradiation
decreased the mRNA expression of GLUT-4 and IRS-1, and inhibited the
protein expression of caveolin-1. The present results indicate that al pha-
particleirradiation induced toxic injury and insulin resistancein 3T3-L1
preadipocyte, which might be associated with inhibition of GLUT-4 and
IRS-1 expression by down-regulating caveolin-1.

© 2013 Trade ScienceInc. - INDIA


mailto:dfliao66@aliyun.com

544

Alpha-particle irradiation on 3T3-L1 preadipocyte

BTAIJ, 8(4) 2013

FULL PAPER o
INTRODUCTION

Radon, acolourless, odourlessand tastel essubig-
uitous noblegasin theenvironment, isone of primary
harmful radiation sourcesfor humans, and decaysina
cascade of daughtersby releasing the high energy al-
pha-particles. If thisgasisinhaled, deposited ra-
don and radon daughterswill enter blood from the
lung, and affect periphera tissue. Radon hashigh solu-
bility infat, so radon may concentratein adipocytes.
Adiposetissue sensitiveto insulin hasbeeninvolved
ininsulin-stimul ated gl ucosetransportation and glucose
metabolism. Inthe processes of insulin secretion and
signal transduction, there aretwo important factors,
insulin receptor substrate-1 (IRS-1) and glucosetrans-
porter-4 (GLUT-4), locating in caveol ae. Caveolin-
1, aintegral membrane protein, isaprincipal struc-
tural component of caveol ae. Glucose uptake medi-
ated by GLUT-4 istherate-limiting step for glucose
utilization in periphera tissues®. IRS-1isamajor in-
tracellular substrateof insulinsigna transduction'®. The
reduction of caveolin-1inhibites GLUT-4 transloca-
tionand IRS-1 expressionl”8, which decrease periph-
erd glucose utilization and increaseinsulin resi stance.
However, theeffect of a pha-particlesonthe adipocyte
isunclear.

Inthisstudy, we used al pha- particletoirradiate
3T3-L1 preadipocyte. a pha-particleirrradiation in-
duced toxicinjury to 3T3-L 1 preadipocyte, and inhib-
ited IRS-1 and GLUT-4 expression by down-regul at-
ing caveolin-1in 3T3-L 1 preadipocyte.

MATERIALSAND METHODS

Materials

Dulbecco’s modified Eagle’s medium ( DMEM )
medium, fetal bovineserum (FBS), penicillinand strep-
tomycinwere purchased from GIBCO/BRL. Theanti-
bodiesanti-caveolin-1 and anti-B-actin were purchased
from SantaCruz Biotechnol ogy.

Cdl Culture

3T3-L1cels(acel lineof preadipocyte ) were
cultured with DM EM medium supplemented with 50
unit/ml penicillin, 50 pg/ml streptomycin, and 10% FBS,
inacell cultureincubator containing 5% CO,,
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Radonirradiation

3T3-L1 cellswere seeded at adensity of 3 x 10°
cdlsin2.0um mylar embedding, 2.5um-thick, special
dishesfor radiant apparatus of a phaparticles. Cells
were irradiated when they growed up to 95-98%
confluent. Cdllswere exposed to alpha-particlesfrom
acollimated **PuO, (theradiological apparatusinthe
Academy of Military Medicd Sciences) at adoserate
of 0.3Gy/mint®. Thetotal activity of 2*PuO2 radioac-
tive sourceis 1.85x108 Bq, and the average energy of
apha-particlesis5.34 Mev. The cellswereincubated
intheradiological apparatusfor different timesoat to
get different radioactivedose. Control cells, referred to
as external control, were sham-manipulated and
handledin paralld withtest cdls.

Cell survival assay

Afterirradiated by different dosesof dphaparticles
including 0 Gy00.3 Gy00.6 Gy01.0 Gy01.5 Gy02.0
Gy and 4.0 Gy, Cdlsweretrypsinized from the specid
dishesand suspendedin DMEM medium. 1 ml diluted
sngle-cdl sugpens onswith known numbersof cdlswas
added to each generd dishes(internal diameter 60mm).
Each disheswas pre-seeded with 250 cellsirradiated
by aphaparticlesbelow 1.5 Gy, or 500 cellsirradiated
by alphaparticlesbeyond 1.0 Gy. Thecellswereincu-
bated ina37°C incubator for about 7 days and stained
with crystal violet in 0.125% methanol . Colonies con-
taining morethan 50 cellswere counted. The clone-
forming efficiency (CFE ) wasca culated by dividing
thenumber of coloniesper dish by thenumber of cells
origindly seeded. Thesurvivingfraction ( SF) wasca-
culated astheratio of irradiated CFE to control CFE.

Cytokinesis-block micronucleusassay

3T3-L1 cellswerecultured for 6 hours after irra
diation. Cytochalasin B (Cyt-B, from SigmaCo.) was
added at the concentration of 3 pg/ml to arrest cytoki-
nesis. After 48 hours, the cellswere centrifuged, resus-
pendedin 75 mM KCI, and centrifuged again, and fi-
naly fixed with Carnoy’s solution (3:1 of methanol and
glacial acetic acid). Thefixation wasrepeated twice.
Then, Thefixed cellsweredropped oncleandidesand
allowed to dry. For each groups, four dideswere pre-
pared. Each slideswere stained with 10% giemsafor
15min. 1x 103 3T3-L1 cells were counted to deter-
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minethe percentage of callswith micronucle.
Single-cell comet assay

3T3-L1 cellswerecultured for 0.5 hour after irra-

diation, and viability assayed by thesinglecdl | gdl elec-
trophoresistest. 30-40ul cell suspension with the den-
sity of 3 x 107 was mixed with 100 ul of 0.65% low
melting point agarose at 37°C, and 60pl was immedi-
ately spreaded onto dides pre-coated with 1% normal
melting point agarose. Coverdipswereadded and the
dideswerealowedto gd at 4°C for 10 minutes. The
coverslipswere gently removed and the slideswere
thenimmersedin freshly prepared lysing sol ution con-
ggtingof 2.5mol/L NaCl, 100 mmol/L EDTA, 20 mmol/
L Tris, 1% sodium lauryl sarcosine, 1% Triton X-100
and 10% DM SO ( pH 8.5) at 4°C for 2 hours. The
slides, which were protected from light, wereleft to
0.5% TBE solution for 3 hoursto neutralize. Subse-
guently, the slides were positioned at the anode end,
and|eftintheéd ectrophoresisbuffer of 0.5% TBE. The
electrophoresiswasrana 25V inanicebath. 20 min-
uteslater, thedideswerestained with 50 pl of 1.25ug/
L propidineiodidesolution, and briefly rinsed with dis-
tilled water, and covered with acoverdip. Imageswas
immediately captured at 400x magnification, using a
fluorescence microscope (Nikon) with a400 nm exci-
tationfilter and 2590 nm barrier filter. The comet im-
agewas considered to befrom ainjured cell whenit
presented acloudy appearance, or avery small head
and abaloon-liketail. Thelength of thecomets ( head
+tail ) was measured using the comet image analysis
system (www.casp.of.pl ). The parametersfor quanti-
fying DNA damageincluded Olive Tall Moment (OTM
inarbitrary units), %Tal DNA and Tail length (migra-
tionof theDNA from nucleusinmicrometre). Datawere
collected for Tail length (micrometre) and % Tail DNA
to compute OTM by software usingformulaOTM

= Tail length x % Tail DNA/100. Frequency
distribution of cdlswith different OTM vaues(OTM

d’ 25,5, 7.5and €’10) was computed and plot-
ted. The personal biasin datacollection was avoided
using traditiona random sampling method wherefirst
50 specimenswere sampled randomly fromthreedides
of eachtreatment group.

RT-PCR
Totad RNA wasextracted from thecelIsusing tri zol

reagent (Gibco BRL ) according to the manufacturer’s
protocol. 3 pg of total RNA were used for reversetran-
scriptioninatota volumeof 20uL with the superscript
preamplification system ( Promega, Madison, M1 ).
Aliquotsof 2ul cDNA weresubsequently amplifiedin
atotal volume of 25uL using the GeneAmp PCR kit
(Promega) following conditionsrecommended by the
manufacturer. The sense and antisense primer for IRS-
lwere5- GTG GCT TCTATT GAG GAATA -3
and 5- ACC TTG GCA ATG AGT AGT AA -3
(524bp); The sense and antisense primer for GLUT-4
were5- GATTCT GCTGCCCTTCTGTC-3’and
5-ATT GGACGCTCT CTCTCCAA -3 (432bp);
the sense and antisense primersfor actinthat used as
aninterna control were5’- ATG ATATCG CCG CGC
TCGTCGTC-3 and 5’- CGC GGT TGG CCT TGG
GGT TCAG-3’ (120bp). The cycling conditions were
asfollows: 95°C for Smin, followed by 28 cycles of
95°C for 30s, 58°C for 30s, and 72°C for 30s, and a
fina extenson of 72°C for 10min. PCR products were
separated in 1.5 % agarose gel . These datawere ac-
quired with Alphalmager 2200 software.

Western blotting analysis

3T3-L1celswereculturedfor 4 hour after irradia-
tion and collected as before?, Total protein was ex-
tracted from cell lysatesusing 1x lysis buffer. Lysates
were centrifuged for 10 minat 15,000 rpmat 4°C. The
supernatant was collected and protein concentration
was determined by bicinchoninicacid (BCA ) protein
assay kit. 50ug of protein was seperated by 12% SDS-
PAGE, and proteins were then transferred to
polyvinylidenedifluoridemembrane(PVDF) from SDS-
PAGE asdescribed previoud y*¥. The membranewas
blocked with acommercia blocking buffer (Life Tech-
nologiesInc) at room temperaturefor 2hr. The blots
wereincubated at room temperaturewith the caveolin-
1 or B-actin antibodieswith dilution rate of 1:1000 for
1hr, andfollowed by incubation with secondary anti-
body (horseradish peroxidase-conjugated) for 1 hr. The
presence of target proteinswasrevea ed by achemilu-
minescent assay (Amersham-PharmaciaBiotech).

Satistical analysis

Thevauesareexpressed asthe mean+ SE. Sta-
tigticd andys sof thedatawasperformed usng sudent’s
t test and ANOVA asappropriate. Vaueswith P< 0.05
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were cons dered as statistical sSignificance. reached 1.7Gy, the cell surviving fraction decreased to
50% accordingto cell-survival curve (Figure1B).

RESULTS Alpha-particleirradiation increased micronucleus

cells

Dud-corecdlsandtri-corecdlswereformed when
Cyt-B (3ug/ml ) was added to arrest cytokinesis for
48 hours( Figure 2A 1-2). Thedpha-particle-induced
micronuclel were observed at 0.6, 1.0, 1.5, 2.0 and
4.0Gy (Figure2A 3-4). Therateof micronucleuscells

Alpha-particleirradiation inhibited 3T 3-L 1 Cellu-
lar viability
3T3-L1cdlswereirradiated by dpha-particlewith

different doses (0Gy00.3 Gy00.6 Gy01.0 Gy01.5
Gy02.0 Gy and 4.0 Gy) invitro. With thedoseincreas-
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Figurel: Theirradiation of alpha-particleinhibited 3T3-L 1 Cdlular survivability. A : The effect of alpha-particle irradiation
on cellular CFE. After irradiated by different dosesof alpha particlesincluding 0 Gy00.3 Gy00.6 Gy01.0 Gy01.5 Gy02.0 Gy
and 4.0Gy, 3T3-L 1 cellsweretrypsinized from the special dishesand pre-seeded with 250 cellsirradiated below 1.5 Gy, or
500 cellsirradiated beyond 1.0 Gy in gener al disheseach group separ ately. Cellswer e sequentially incubated for 7 days,
and the CFE was calculated. B: The effect of alpha-particle on surviving fraction of 3T3-L1 cells. ( n=3,
mean+SD,*P<0.05,** P<0.01, vs control group ).

ing, the CFE decreased. The CFE in control groupis
21.75+0.92%. The CFE in the groups of 0.6Gy and
4.0Gy respectively were 15.64+0.71% and
5.79+0.27% (Figure 1 A). When the irradiation dose

i " Aﬁ '.‘

A3 A4

increased in adose-dependent manner. Whenthedose
reached 4.0Gy, the micronucleus cellsformed by in-
duction of dpha-particlewere gpproximately 7.2 times
more than that of their spontaneous control (0 Gy) (
40 ¢ B
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Figure2: Alpha-particleirradiation increased therate of micronucleuscells A: Representative images of micronucleus
cells(400x); A1: dual-core cell; A2: tri-core cell; A3-4: micronucleus cell ( the arrows show the micronuclei ). B: the cell
micronucleusrate analysed by cytokinesis-block micronucleusassay. ( n=4, * P<0.05, **P<0.01, vscontrol group ).
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Figure2B).
Alpha-particleirradiation promoted DNA damage

To exploretheeffect of a pha-particleson DNA
damage, we observed comet cellsby single-cell gel
el ectrophoresis assay. With theincreasein radia-
tion dose, thetail of the cells singnificantly became
longer ( Figure 3). Comet assay parameters such
astail moment (TM ), olive TM (OTM ), were
significantly higher inirradiation groupsthanthat in
control group, and increased in adose-dependent
manner (TABLE1).

Theéeffect of alpha-particleirradiation ontheRNA
expression of GLUT-4and IRS-1in 3T3-L1cells

3T3-L1 cdlswerecontinuoudy cultured for 4 hour
after irradiation, and then total RNA wasextracted from
these cells. The mMRNA expression of GLUT-4 was
decreased after dpha-particleirradiationin adose-de-
pendent manner ( Figure4). ThemRNA expression of
IRS-1 hasthesametrend as GLUT-4 ( Figure 5).

Theeffect of alpha-particleirradiation on theex-
pression of caveolin-1in 3T3-L1cells

The caceolin-1 expression was decreased by al-
pha-particleirradiation in adose-dependent manner in
3T3-L1 cells. When theradiation dose exceeded 0.6
Gy, caveolin-1 expression significantly decreased as
compared to control group ( Figure6).

Control 0.3 Gy 0.6 Gy
1.0 Gy 1.5 Gy 2.0 Gy

4.0 Gy
Figure 3 : Representativeimagesof single-cell gel electrophor esisin different dose of alpha-particleradiation (400x ).
3T3-L1celswerecultured for 0.5hour after different dosesof alphaparticlesirradiation (0 Gy00.3 Gy00.6 Gy01.0 Gy01.5
Gy02.0 Gy and 4.0 Gy), viability assayed by the singlecell gel electr ophoresistest. The comet imagewasconsider ed to be
fromainjured cell when it presented acloudy appear ance, or avery small head and a balloon-liketail. magesfrom 150 cells

(50from each replicate dide) wer eanalyzed and data presented asmean+SE.
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TABLE 1: Theresultsof single3T3-L 1 cell gel electrophoresisafter irradiated (x:s)

Dose(Gy) Cell  Tail length (arbitrary unit) Tail DNA (%)  Tail moment(mM) Olive Tail moment
0 50 6.70+0.03 6.97+0.08 0.38+0.02 0.23+0.04
0.3 50 17.93+0.04* 7.80+0.07 0.55+0.03 1.88+0.08
0.6 50 30.23+0.02* 14.09+0.08* 1.83+0.04* 4.84+0.09*
1.0 50 46.23+0.04* 19.76+0.08* 3.53+0.05* 7.32+0.08*
15 50 60.66+0.05%* 23.17+0.04** 5.23+0.04** 9.65+0.06**
2.0 50 77.94+0.04%* 26.18+0.08** 7.93+0.02%* 12.734+0.09%**
4.0 50 89.12+0.06** 29.68+0.06** 16.18+0.03** 21.23+0.05%*
(n=3, * P<0.05, **P<0.01, vs control group)
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Figure4: Effect of alpha-particleon expression of GLUT-4
MRNA by RT-PCR. A: RT-PCR of GLUT-4 mRNA expres-
son. B: Quantitativedata of GL UT-4 expresson, resultswere
normalized toactin. Data arethemean = SE of three indepen-
dent experiments.,* P<0.05 and **P<0.01 ascompar ed with
control group.

DISSCUSSION

Thecdl membrane, nucleusor cytoplasm, aswell
as DNA and other biological macromoleculeswere
injuried after cellswereexposured to chroniclow-dose
or high-doseradiation, whichfindlyledtocdl desth or
apoptosigy. Inthisstudy, wefound that after cellswere
exposured to a pha-particles, cellssurvival ratewere
dose-dependently reduced.

Micronucleus, akind of small nucleusinthecyto-
plasm independent from the main nuclear, formsinthe
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Figure5: Effect of alpha-particle on expression of IRS-1
MRNA by RT-PCR.A: RT-PCR of IRS-1 mMRNA expression.
B: Quantitative data of IRS-1 expression, results were
normalized to actin. Data are the mean + SE of three
independent experiments.,*P<0.05 and **P<0.01 as
compar ed with control group.
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Figure 6 : The effect of alpha-particle irraditaion on
expression of caveolin-1. A: Representativewestern blot data
showing theeffectsof alpha-particleon caveolin-1 proteins
in 3T3-L1cells. B: Quantitativedata of the alpha-particle
effect on caveolin-1 expression. (n=3, * P<0.05,** P<0.01yvs
control group)
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cytoplasm when the damage of outsidefactorsoncells
lead to chromosomelossor breakage™. Micronuceus
ismainly induced by two typesof factors: mutagen, that
can cut genomic DNA into chromosome fragments
which are excluded from the nucleusand form themi-
cronucleusduring subsequent cdll divison; and spindle
fibersinhibitor, that caninhibit thespindleformation or
disrupt theformative spindlefibers, and delay the chro-
mosome split to form micronucle. Cytokinesisblock
micronucleustest (CB-MNT) wassenditiveto andyse
radia damage. Alpha-particleirradiation canincrease
the mi cronucleu production. Hecht SS*214 found that
radon induced cdl micronucle production. Our studies
found that d pha-particleirradiationincreased thenum-
ber of micronude in3T3-L1 cdls whichmay berdated
to the decrease of DNA repair capacity.

COMET assay dsoknownasSingle-cell gdl elec-
trophoresis assay ( SCGEA ), is arapid detection
method of DNA damage in mammalian cellg*,
COMET assay have been applicableto detect DNA
damage induced by mutagen or ray, and monitor the
genetic damage of body by environmenta pollution.
Hellman et a!*® found that DNA damage significantly
increased in periphera blood lymphocytesontheresi-
dentswho livedintheroom filled with radon beyond
200 Bg/mileveds. Wedetected that dpha-particleirra
diationinduced DNA damagein 3T3-L 1 preadipocyte
in adose-dependent manner. 3T3-L 1 preadipocyteis
sensitivetoinsulin”, so we studied the effects of al-
pha-particlesontheexpression of insulin sengtivity-re-
lated genes.

Glucosetransporter 4 (GIUT-4) isanimportant mol-
eculeinthesignal transduction of insulin secretion.
GLUT-4exigsininsulin-sengtive skeletal musclecdls,
heart musclecdlls, andfat cdlg®. GLUT-4isactivated
by insulin receptor substrate-1 (IRS-1), and continu-
aly activatesthedownstream signaling molecules such
asphosphatidyl inositol 3-kinase (PI3K) and mitogen-
activated protein kinase (MAPK). Thissignaling path-
way isinvolvedin cell metabolism, growth, differentia-
tion%2%, |RS-1 was akey intermediate molecular in
insulin regulation?. IRS-1 inducesthetrand ocation of
GLUT-4tocdl surface, and promotesglucose uptake
and glycogen synthesis. TheIRS-1/GLUT-4 pathway
playsanimportant roleininsulin-mediated glucoseand
lipid metabolism?2. Our results showed that a pha-par-

ticleirradiation decreased the mMRNA expression of
GLUT-4andIRS-1in3T3-L1 preadipocytein adose-
dependent manner. It suggeststhat dpha-particleirra
diationregulatedinsulin sengitivity by inhibitingtheex-
pressionsof key moleculeininsulinsignaling.

It have been reported that IRS-1and GLUT-4 | o-
catein caveolaewith caveolin-1. Caveolin-1,amain
structurd component of caveolag, isanimportant regu-
latory factor ininsulin signading. Thestructura integrity
of caveol aeisnecessary for GIUT-4 translocation'®!.
Thereduction of caveolin-1 may destroy the structure
of caveolaeand inhibit the GIUT-4 trand ocation, and
ultimately affect the glucose transport. Wefound that
alpha-particleirradiation decreased the expression of
caveolin-1in 3T3-L 1 preadipocyte in adose-depen-
dent manner. It impliesthat al pha-particleirradiation
may regulateinsulin signaling by inhibiting theexpres-
sionof caveolin-1.

Insulin sengitivity isrelated to many diseasessuch
as hypertension, coronary heart disease, obesity and
stroke. Thestudieson the rel ationship between a pha-
particleirradiation andinsulin sengtivity providesanew
way to prevention and cure of many diseases aggra-
vated by environmenta pollution.
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