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Abstract

Far-infrared ray (FIR) at 4-14 um, also called “growth ray”, is widely

applied in natural therapies, which has been verified to be effectively
absorbed by organisms and exerting positive effects on physical functions
in human. However, relative research regarding the effects of FIR on
cancer cells is unclear. Accordingly, it is an interesting issue worthy to be
investigated.

Purpose: This study aimed to investigate the effects of irradiation by FIR

(4-14 pm) on cell growth of human cervical carcinoma in vitro.

Methods: Human cervical carcinoma (CC7) was irradiated by

far-infrared rays emitted from an FIR emission facility set at various

temperatures (room temperature (RT), 37°C, 45°C and 55°C) for various

time periods (30, 60, 90 min). The cancer cells were treated twice a day
for 3 days consecutively. Photo images and cell counting were taken to
evaluate the variation of growth and the cell cycles of the cancer cells

was also determined.

Results : The results indicate that FIR irradiation is significantly

effective in growth inhibition of human cervical carcinoma. Additionally,
the inhibitive effect is positively correlated to the increase of irradiation
time and temperatures, indicating that FIR irradiation is able to suppress
the growth of human cervical carcinoma. Further, the phenomena of cell

cycle progression arrest and cell death of human cervical carcinoma was



discovered after FIR irradiation.

Conclusion: The results indicate that FIR irradiation is able to inhibit the
growth and the cell cycle of human cervical carcinoma to different extent.
According to the results, FIR irradiation has potential to be a

complimentary method in cancer therapy.

Keywords: far-infrared ray, cervical cancer, cell growth, cell cycle
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HREFPAFE? LL4H G35 ¥ FhLEDS DR
EACEGERBREFOFRE LG i AP IR K
BP Rpo M RE g AT FERRY AT R > wmre g
# cytology-based éF & = ﬁ%i&% dog B P R RS FL LT
S nF R A A# B S FHOERS Y L R i B L4 G i s
Flk oA F oz A0 g eI g R e B e H o (Garg et
al., 2010) »

S ARMATRET MBS P2 TR 3 T AR
Pyprorfeiea Eo PFE P iteRwz 4 L g 4
(Udagawa, Ishigame, & Nagasawa, 2000) Shiurba et al.,
1999; Udagawa, Ishigame, & Nagasawa, 2002 > s 5 > e
%k (Yu et al., 2006) @ A T ws4g » X7 A& F

~Fp %A v (Toyokawa et al., 2003; Tei etal., 1994) -
o BAEAFERE L B Y B EDIEL 2 208 (Moore &
Cherrington, 1996) ¥4 /o M2 dx 4] (R 4pdt~ B B2 3
Liz02007) Fox" ME - FMRBRFLPEA LS F TR
E A A2 g (F &A52010) 7 F R dE R R o (Masuda

et al., 2005) Masuda, Koga, Hattanmaru, Minagoe, & Tei,
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2005 ~ &2 p 24 gk A (BPEEE - 2008) A & A SR L R 4
(w74 >2009) 282 REEF (X435 2001) Fa wie
PEFR ~ 3 SRR BT R o L3 AT dp R e ARy PR e

4R RERREDT ¥ e £ F B IFY (Hamada et al., 2003;
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2.1F P/ GTRE
2.1.1 §4

FEEROFE A FAANFEIE T - R A LEFYRRE
Bl TAERBARTAES R T 0 B RRFEL FRNEE R
Bt P 96 v X3 1,800 A e B+ g IR 700 4 F]SF
SR (FAARTINRAEEF - 2014): Flt > F P SRR E
Lo BEtPAVIELDEF AR o F T RELE R
AR RF] XTI K SHERT o FLEY AT FERF FR R
w2 kL F ok i o (Gargetal., 2010 1 Waggoner, 2003)
Pk s G BT ES ek U PHS Y LE S S T FRL Y T
FOH b s of 2 o B o0 E 5 (Garg et al., 20105 Mandié,
2005) > @ AR ETR T Fﬁ,ﬁﬁfiﬁp‘smﬁ‘ﬁﬂ’ﬁ ? 2y E F (Garg et

al., 2010 ; Landoni, 1997) -

2.1.2 * ZHHF e fpia T+

B LAMP - B3 1 i > T2 K Rk @ B

RPN RBY oS RECFF L EEER ERT)

ARde BRRAEMEBFHa &L EZpik - L-2 i BiokE
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FXABERFER ) BRNETIRTF P RRZR DR
Lo 0 MmN E A Paog s Y Rapapi o R
B EFERET S REDEL M

L gt s k4 (Human papillomavirus 5 @ 4 HPV) @ 4%
e AT EHRYFDRER BT AT UIREL FEH 4
HPV 474 3 ¥ &0k *& (Jennifer et al., 2003) > 4&2:i%®
100 &7 Fagdlen PV @ > 253 40 APk @g, 29
30 10 Al PV AR5 £ T RFR58 b '& 7]+ > ¢ 45 16
Fe 18 A1 & + % 55k 70% - % T HPV > ApRE &' 15 dodd 75 ~ R
BAREN S R B R TE TR RA S P HARLA G oF
B+ 100 ¢4 % T3 1 ¢ A FRMFCFPFFe g2
( tetrachloroethylene ) m # & + ¥ 3 &% % 2 ( Cancer
Research UK, n.d. ) ¥ ¢hib2 B2 ~ MAL € 5k 75 37

BT HEmRZFLF 2o (Cora et al., 1998)-

&

2.1.3 Baipk>2HETFIR

Boan st YRR s S NG R S SR 8
e R AR c BER O BN G R L H R irg
FF S Beh'e 2 WWEFE M AT AL
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2.2 &=ta
2.2.1 §4

i b (far infraredray: » ™ @4 FIR) Bk £ 5.6 3] 1000
pm i b A B P TS Fogossjr 2 K A 4~14 gms 2t

A FH G 2 £ %R (growth ray ; Hamada et al., 2003) -
2.2.2 ity s 2

AR A Td ERRR R KRR T A4 For e RO
(Hamada et al., 2003) » ¢ 3 4c n R M P57k ~ ek 5 ~ WLE T
v E @ Eae g A~ R E%A 1 (Toyokawa et al., 2003;
Tei et al., 1994) ~ ¢ £ © meig & + = ~ flest F o2 Stk
P I B O Jﬁiﬁ TR FE I e Lo A S L s R
SeE AT i o MUERTHR R BPE e B it (Yuetal., 2006) -
FORRE IR A R R A S s e 0 2T E BT
o fEasfe T B flgcs % 5 % (Moore & Cherrington,
1996) - ~ /]%’%#ﬁ Mgt R T R w4 K3 2 (Udagawa,
Ishigame, & Nagasawa, 2002) ~ 3# & 5 g # 5 ~ FE[F & %A 1L ~
4 & F 2 £ %15 iE P (Toyokawa et al., 2003) ~ ¥ A e #

AR gER G T 52 f B g g e chd £ (Hamada



et al.,2003) ~ &k ta®k (Yu et al., 2006)% -
2.2.3 B RIpMFTY

R E 4 l4dpum 2 Rl b ARG EAE S F T 4 T 2k (growth
ray) 2 fF S AART NHEFHET FOpHAZBLRF o F
B b ootk s X PIF T TE KREBRH *?%%#E"-&i’ﬁfg‘:i ’
TR EER YR RFE T c HREMAMET &3

bR R TR~ ML LB

B PR RS R AR~ oLk F AR L (Ise et
al., 1987; Inoue & Kabaya, 1989) » ¥ &g &4 &
2 et (Yu et al., 2006) £ Frist i 3 o 103k i b &S
B R P AR FRAE S B i RE o] B4
B AETY o EM N w0 F TR
o T HRALEH N (E AT > 2001) -

& Rl § S ER B RA

ERHAE S ZFRT VAR TR R
e Fg(GEE M) R BN T IO 0 TR
Mhe A % 23 2 (Tel et al., 1994) - gz 7h &

ZEBISRET HILE VRS P EIRA S Y

~
~

A%~ 43 B A F % M (Toyokawa et al.2003; Tei, et
7



1., 1994) s Blo b M2 BT A P 2R < B
LA B e S BRI R Ay - B LN B SN s AL
RS e mafa%*fr};? (AT %, 2000) ¥ #/F o
A - % it & = p%% (endothelial nitric oxide
synthase ; eNOS)k B » # ¥ & fhe ¢ ~ Frilo g L ifse
R A s Frdle ) E R o m RARE TR g A
(Ikeda, et al., 2001 ; Masuda, Miyata, Kihara,
Minagoe, & Tei, 2004) -

FrA R E ~Ee R

BRI EF e PR AT RF R
LS I EY SAERREE | E RO AN S UER & R R g
4 £ &g 4 (Shiurbaetal., 1999 ; Udagawa, Ishigame,
& Nagasawa, 2002) > $F2 #8875 "¢ % i* 22k
(normalization effects)(Udagawa & Nagasawa,
2000) ; A B4 £ FTEE B RR A > bk
% v ¢ (Toyokawa et al., 2003) : skt~ ¥ % 3t
R 24 & & 4 032 F 5 Fp (sporotrichosis) » # B 15

iy R A2 £ A kR % % (Hiruna, Kawada,

1=

Noguchi, Ishibashi, & Conti Diaz, 1992)% & iz



# (Maria, Francisco, Gordillo &Francisco, 2003;
Nagasawa et al., 1999) 5 B3 qu ¢ P A %2 5
et H #x 4R (Imamura et al., 2001) o
S s Ve
Rt T eI (PFE, 2001) p AT FRY
Rt & 257 %% M B % (Gutierrez, 2001; Masuda,
2000) VRS GBERE B3 ARG DL
CRIERR REME N ML AER G T Az
# (Masuda, Koga, Hattanmaru, Minagoe, & Tei,
2000) > FEA LB E 2 BEAR KB EHIRRFOLR
AR - b & JEaN) § T 3 H & #2(Masuda, Kihara et
al., 2005) c g iz ?F (FIR) Fiz~» 7 * 3052 R R/ %?{m

VOB B (Lin et al., 2007 ~ Masuda et al., 2005) -

+ A pER ST

. slow wave sleep ; SWS & ¥ # 3 4v > ¥ F g 2 bR
¥ 3 & pEm e a % 2 pER 5 F (Honda & Inoue, 1988) -

e g SRR




Moore £ Cherrington (1996)F7 7 % ik =t ¥ 1%
ARz Bl R A s T OB BRSO
TRBRELE AR IAREH T EEERE2000)
B fdp 0 R AR R G B L AR 2 B
ok 5 g PRDEFRIER o ¥ F ML S R R

Vinck #(2003) e 3 4p &1 » A & 710 2 800 nm 2 & =

“haa R CAMP 7 B e o gt th sk enE s A 223 3 cANP

i EAPR A4t Bl B 3 R =(2007) Ak R

c*ﬁ
E{-

e T R R o L -
e i 3 R E A

B AR AR R 20.0CHIRT o W el BRI R 2
£ %3 2 %2 (Nagasawa et al., 1999) ; 37C+ 72
Mz iR i ch AARF IR Y 3 sedrd] Hela cells (% A Bim
2 ) w4 & (Hamada et al., 2003) o o »%5; ‘w22 $41
chif 2 g R v & ¥ e 1 (Song, 1984) - #-E & & B

40-42°CE gl it F mat X R P o T L ERER
e o TR A > L B R B
P @i RPR S BT e E RN R S

(Hamada et al., 2003; Nagasawa, Udagawa, & Kiyokawa,
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1999; Udagawa et al., 2002) > ™ % Frd|Jpimie 4 £ 2
#c # (Hamada et al., 2003; Ishibashi et al., 2008) -
AR E o P RITHIE (3TC) 0 IR R o G S
g O R s (o 548 )(Ogita et al., 1990)

fet A WA K 2 F 2o (Yoo et al., 2002)
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3. 17§ Hif

3.1.1 RB&wm%

i * A 33+ ¥ 5 % w2tk (human cervical epithelial
carcinoma ) CCT & {7 %8 *} 32 % 5% o

Tissue: Cervix; carcinoma, stage IV

Description: The cells contain human papillomavirus
(HPV) genome

BAR

12 90% Dulbecco’ s Modified Eagle Medium (DMEM ; GIBCO,
Lot 1643781, USA) +10%Fetal Bovine Serum (FBS ; GIBCO, Lot

1566368, United States) it {7imPe %tz & -
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KGR S A (0L REER) o

Vil

3.2.1 wmresz %

Dulbecco's Modified Eagle Medium ( DMEM, Cat. No.
12800-017, GIBCO, Life technologies™, USA )

Sodium bicarbonate ( NaHCOs3, 13433, Sigma, Sigma-Aldrich,
Poland)

Fetal Bovine Serum, Qualified ( FBS, REF 26140-079, GIBCO,
Life technologies™, USA )

Penicillin Streptomycin Glutamine 100X ( PSG, REF 10378-016,
GIBCO, USA)

0.5% Trypsin-EDTA (10X) (REF 15400-054, GIBCO, USA)
Trypsin-EDTA (Concentrate x10) (REF 03-051-5B, Biological
Industries, USA)

Sodium chloride (NaCl, 31434, Sigma, Sigma-Aldrich,
Denmark )

Potassium Phosphate, Monobasic, Crystal ( KH,POu, 3246-01,

J.T.Baker, Mallinckrodt Baker, USA )
16



Sodium phosphate dibasic ( Na;HPO., 30427, Sigma,
Sigma-Aldrich, Germany )

PBS ( Phosphate-Buffered Saline ) , pH7.4

Trypan Blue Solution 0.5% ( Cat. 03-102-1B, Biological

Industries, USA)
3.2.2 m¥% FiEEx A

Dulbecco's Modified Eagle Medium ( DMEM, GIBCO, Cat. No.
12800-017, USA )

PBS ( Phosphate-Buffered Saline ) , pH7.4

Cell Counting Kit - 8 ( Cat. No. 96992-3000TEST-F, Sigma,

Sigma-Aldrich, USA )
3.2.3 =%k ¥ £+ (Flow cytometry)

PBS ( Phosphate-Buffered Saline ) , pH7.4
0.5% Trypsin-EDTA (10X) (REF 15400-054, GIBCO, USA)
Methyl Alcohol, Anhydrous ( Cat. No. 3041-68, MACRON,

Avantor Performance Materials, USA )

RNase

Propidium iodine (PI)

17



3.2.4 wm¥e A= B

PBS ( Phosphate-Buffered Saline ) , pH7.4

0.5X Trypsin-EDTA (10X, GIBCO, REF 15400-054, USA )

3.7% Paraformadehydel
Annexin V-FITC Apopotosis Detection Kit ( Annexin V-FITC,

Propidium iodine and Annexin V Binding Buffer, Cat. No.
AVK250, Strong Biotech Corp. )

3.2.5 ¥BFv I

PBS ( Phosphate-Buffered Saline ) , pH7.4

M-PER® Mammalian Protein Extraction Reagent( Prod # 78501,
Thermo, Pierce Biotechnology, Taiwan )

Protease Inhibitor Cocktail ( Cat. No. P8340, Sigma,

Sigma-Aldrich, USA )

3.2.6 ¥v F kR % (BCA protein assay kit)

Standard 2 mg/mL( 2000, 1500, 1000, 750, 500, 250, 125, 25,0 )
Pierce™ BCA Protein Assay Kit ( Prod # 23225, Thermo, Pierce

Biotechnology,USA )

3.2.7T & * &84 /8 (Western Blotting

Analysis)

18



Tris ( C4H;1NOs3, Cat. No. 0826, amresco, Bio-Protech )
Tris(Base) (NH,C(CH,OH)s, 4109-02, J.T.Baker, Avantor
Performance Materials, USA )

Tris Hydrochloride (NH,C(CH,OH);-HCI, 4103-01, J.T.Baker,
Mallinckrodt Baker, USA )

10% SDS Buffer (IB3701, Omics Bio)

30% Acrylamide/Bis Solution 29:1, 3.3% Crosslinker ( Cat #
161-0156, BIO-RAD, Bio-Rad Laboratories, China )
Ammonium Peroxodisulfate Analytical ( APS, 31117,
Riedel-deHagn®, Sigma-Aldrich )

TEMED (4098-01, J.T. Baker )

Bromophenol Blue (0449, amresco; B-0126, Sigma,
Sigma-Aldrich, USA )

Polyoxyethylene 20 Sorbitan Monolaurate ( Tween 20, X251-07,
J.T.Baker, Avantor Performance Materials, USA )

Glycine (JT-4059-02, J.T.Baker, Avantor Performance Materials,
USA)

Glycerol (G5516, Sigma, Sigma-Aldrich, Germany )

Marker: Protein Standards for Electrophoresis ( BlueRAY, Cat.

19



No. PM006-0500, GeneDireX )

1.5M Tris, pHS8.8

1.0M Tris, pH6.8

10% Ammonium Persulfate
5X loading dye

Lysis buffer

Transfer buffer

1X TBS

1X TBST

W5 A 4
Primary antibody (1° 448 ) :
Anti-p2 lantibody [EPR362] (21kDa, Cat. No. ab109520,
Abcam )
P21 Kipl antibody [N2C3] (21kDa, Cat. No. 3733-1,
Epitomics )
Anti-p27 (27kDa, Cat. No. GTX100446, GeneTex )
cyclin E1 antibody( 47kDa, Cat. No. GTX103045, GeneTex )
Cdk2 Phospho (pT14) antibody ( 33kDa, Cat. No. 2351-1,
Epitomics )
Secondary antibody (2° 414 ) :
GAPDH antibody ( Cat. No. GTX100118, GeneTex )
Immobilon™ Western Chemiluminescent HRP Substrate ( Cat.
No. WKBLS0500, Millipore, Millipore Corporation, USA )

20



3.3¥* RE2 EH
AT O 2K G BHAT
iF] > 7% B fe4 inverted microscope
BB A (TM-328 Pt 3 B 4 8)
#.w % CENTRIFUGE (Model 5922, KUBOTA, Japan )
= % YB3 % $5 CO; Incubator (MCO-20AIC, SANYO, SANYO
Electric Biomedical, Japan )
T B P R Laboratory Stirrer/Hot Plates ( PC-420, Corning,
Corning Incorporated Life Sciences, U.S.A.)
¥ ik 27 B Vortex-Genie 2 ( Scientific Industries, Inc. )
B R AR R &
Microcomputer pH/mV/TEMP Meter ( No. 6171)
T+ * #= Scout I (ITEM No. SD2020, P/N 80250'831, OHAUS, Ohaus
Corporation, Pine Brook, N.I. USA )
Mg T+ % = (AG104, Mettler Toledo, Mettler-Toledo Poc Rim AG
Taiwan Branch, Switzerland )
Microplate Reader (Model No. 680, BIO-RAD, Japan )
SoE i E4 ® Pipet-Aid

2L~20L~100L ~200 L ~ 1000 L micropipette
21



15mL~50mL§5’ﬁ;:u§

3.5 cm dish
6 well plate

96 well immunoplate

2mL >~ 5mL ~ 10mL ~ 25mL & F& ¢

Dry Bath Incubator ( Model DB-130-2-110, FIRSTEK )

T 7 (Model No. Mini PROTEAN® 3 Cell, BIO-RAD, USA )

T R R E (Model No. PowerPac™ HC, P/N 4206397 Rev D,
BIO-RAD, Singapore )

# % % (OWL HEP-1, Thermo )

w ;82 7 ® ORBITAL SHAKER (Model S-101, FIRSTEK )
BioSpectrum® 800 Imaging System (P/N 97-0490-01, UVP, USA )
Synergy 42 -k % %/ Synergy® UV (Cat. No. SYNSV0000, Millipore,
France )

Automatic Sanitization Module ( Cat. No. TANKPE030, Millipore,

France )

22



3.4 B H I
3.4.1 %3k

CCT ke 2R3 & > DMEM @ - p 7 10%%52 x5 ~1X PSG
gtk B At i 37C ~ 0% C0: 2 54k & 4

2 R R e
3.4.2 w35 %F &+ (Cell Viability Assay)

Cell Counting Kit - 8

CCT mrethriimre B B (1x10° cells/well) 32 % *%
96 well plate 24 /] FFfs » Wit b P RBLEA i
Fles fsiez oo RHRJIZ > ERK T W5 RT3T
T 45CE 55C L e A HE»FF 247415 30min
60 min # 90 min-> WP %5 5 9B Ig 8 /] FF & 8 (7 R &
—x oy IR 18 EpRERE > T Y Cell
Counting Kit-8 (CCK-8) 14 0.D. 450 nm & iBl=k & > i&

Flmie 3t Ry B TR A B2 A e
3.4.3 mreix# 2 445 (Flow cytometry)
REmEE e 77 G0OE ~GLE ~SH G2 2
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3.4.

M > % e inid fmPe R AT B R T R4
‘o ve F ) 050 o Pl (Propidium iodine) ¥ - fa¥: i %
| ;ﬁd ¥ 6 A A PL g 4 ~ B2 DNA endd > 02 i) PI
F ko B AR RPLRIER e F ) BT A e
2 (2 x10° cells/well) ** 3.5 cm32 % % » & e pb'
s RS T RELYLES A FER (RT-3TC
45°C# 55°C )~ PR (30 min ~ 60 min ~ 90 min) 2. 4 &
PRit T o e S S ORI 8 ) PE BRETi A 3% 0 B
% 3TC 5% CO% Fhrfork Bfodid B4 2 @
{6 B I me o e B e B iR 2SR e 4 0 12 2500 rpm
o 5~10 min» S 2 "%J i o dex 200 L PBS 3E
Fcwre > 11 99. 8NF e T H A Ak F-20CH * o AT
2 50 L RNase (1mg/mL) % 50 pLPIC400 wg/ml)
B L3 3TC ks Y w4 30 min» #* initw

ik B e R F AT o
4 wre A= KRR
mie (4x10° cells/well) 815> 3. bem¥z % & ¢ >

Gam RS 0 MR RS P REA LT T R

(RT~37°C ~45C¥ 55°C )~ &R (30 min ~ 60 min ~ 90

24



3.4.

min) 2. A B RHEIL ; me LI R FIES | B LRF
Bif- % @ 3% 5 B 3TC 5% C02 % § b fek &

Y A 24 ] PFELB e o e vl kb

‘U\?

PBS i*ixeis » 4e ~ 1X Trypsin Yz & mPe % 5% 3 15 ml
o g 012 2000 rpm s 5 min o &g 2 "%J Fr o £
ks 1X PBS iR T e > 4 2 FE AR ¥ 20 Propidium
iodine (PI) £ Annexin V-FITC R &353 5 » & 7k} @F

% 15~ 48> 12 400 L Binding buffer ' kg 3538
& 0 MR e R R dm e S 0 BIRE T A 4T 0 R

JER P EAITRE o
5 FB39

#-mre (8x10° cells/well) 32 %> 6 cm dish # &
PRR S B e A P RS B R RT ¥ PER 90 A 4
2N BRI e A % B IE 8 /| PF A G2 {7 B S -
Z o 8% 3T C~5%C02 ghfckzsfzlZilBit
PR 24 ) P LB mie o 2 ik %k o kL HERR
b5 e e ishm e — =t » v » modified RIPA % ®=% 500 u

Ltk P8 i8% 5 o4

W

» A7 Bdmre LT TR B T

1.5ml Mg g ¢ >34 °C ~ 15000 rpm &t~ 10 min >
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EII iR amie B Rk RlLd9 TRER #lmie

7 a5 %75 40 -80°C
3.4.6 3¢ k&R = (BCA protein assay kit)

"2 Bradford T &z Rl > @& * nt i v
(Bovine serum albumin; BSA) % 1% &9 B &% 5. > ]
* f¥ % £~ 7k (ELISA reader) # 0.D.595 nm % B
30 BRI Sk E R e £ S (standard curve) >
M1 Ren FARE Rk B g IR e B A T RN
S Az 2 A i (10) o
4P~ Bradford ##| 2 mL 4r 8 nL = =t -k (5xH-# )
REEI > B 15 pl el 39 R R (BSA) 4
735 uL Bradford % &8 &323 > % ** 96 well plate © >
+ well 4v » 200uL (= £4F ) # % 5Hmin 22 0.D. 595
nm iR Rk 5 R R 2 ek T iaiE o 02 0.D. value
(Y)¥ 39 JER ug/mL(X): & 48% 2 > 258 y=ax + b
r &% 48375 0,99 ¥ B 15 yl sample protein ¥ 735
uL #hBradford ## (5 RfFfH) R E > F O » 41
foi-d Bkl m- sl ek E o riE s kigTia

~y @ (y=axth)> £ 413% sample F-v kA (ug/ml)e
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3.4.7 & * % 8:/2+% B (Western Blotting

Analysis)

Fd P E - e & RFRLP R T 2 R
Dz SDS TA > #-Fed FAREF I > 4o - &
B RE - B s £ upEd HRP - s 4matds & ECL
S TR I A e £ I R ey
ZH G0 FEAIR o

RF &R & kR A7 W % SDS-PAGE 2 T & "}
(Separating gel )£ + & %} (Stacking gel )3 %8 » #-3 B~
36 Fi3i% 25 ul /L » Stacking gel #atiF ¢ > Hie
730 FLAEE AR CR AR band 7k AR =
ZOGBOV~30min) > A fsA#E I B R4FC00V~90 min) »
TAR S F-b FE K- = 2 o SDS-PAGE 493 %
** PVDF membrane * = & 783 » 5d Blocking M pe %7
S T LR R RN o T S
dEFREMHEE > I ECL Plus Western Blotting

Detection Reagents % IR k4 F7 ki (730 5L 1 B o
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3. D% A 7

AFE g en E 38 By TR 4 4914 Microsoft Office Excel 2013
R E (T AL a7 0 @ % Student’s Ttest ' fie 2 e 2. X B » 9
Gl B E T OEHERE L (meantSD) £ 7 0 ¥R & Pvalue <
0.05> ** % Pvalue <0.01 14 2 ***{% £ Pvalue <0.001 #L4R 5 7

25 2L 2> X
WU g ___" ‘&% °
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yrg - B%

AEF HEHB L R EST T E R T 4 £ gk

BB A CCK-8 2= e ik i v 304 CCT etk 4 £ drd| 2 ‘oo 1305

7
-~

% 5 H
F xR

NS

£ 35 B 30 (morphology) 2 # 1 > i~ # 1% w
e p P A PR e A 2 RS 0 dRE st e kB i (cell
cycle arrest) £ m®% %= (apoptosis) % » £ 5d & > L 8L
B s W PG 2 B TR R R b v AU COT e ik e

A S A
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4.1 Bt MmE AT ¥ R ir(CCT) A £ Frd)

Ll
NN
W

iT# » =
R "V/ﬁ""g'

fwe kB 1x10° cells/well # %3 9634 ¢ » > 37C »
5% C0: 2 g8 fckZf 2 EREEAHY 5 24 [ FEERE
Frmre pbytis > MR REF LS FHle B iR ook
b RJ? > B RE T W5 RT3TC~45CE H55C & R R
B>t 2 241 % 30 min ~ 60 min 2 90 min - Mm% &3 5 8t
IS | PraeiTmit— =t 3 X »Ed9s 18 | Bz
i %% Cell Counting Kit - 8 (CCK-8)  0.D. 540 & ipl=x

Kig BT FEAVEETFRRPARBAET T HE RS

&d CCK-8 iRl A t7imPe (s v (B rimre 135 5 2. %1 »CCT
R RSB PR B > B A R FRE T RAMER
LBERETRFELE (D<C0.05; BA4.1)CCT mPe"g ¥ MR
SRR BT L2 AT IF T R LS
TSR mie iR (CCT) Fri 2 Eoa S AXP B > T & B & PF I ik
7 <& (dose- and time-dependent response ) o & — # &
* e pER 2 % 1T > > Room Temperature (RT )~ 37°C ~45C ~

OCiR B E L mw? » SRS 60 A 4815 » 4P PR &
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30 »482 % %W > RT & 3TCw 2w wme 3557 AEHF
BAB W ASCE55CH mw w5t F L MFLLE
H¥ox o 55°C e n] 2w £ dr A5 (p < 0.001) # 45°C =
SREE (p<0.01) & SRS 90 A 418 > pRITR S 30 4 48
st Hime Gt F RREELLE (p<0.001)> =

AT BB S 00 A 4B 15 endr g 35 75 0L BB b 60 A 4815 2 e
2505 % ; v S PR st 90 A A TS » 4RI BB ST B0 A 4B 2 &
B Gy 5 R EFELE (p<0.05)> 2 45°C& 55
CTHA w2 fwmie XFrd| 25 (p<0.01) = RT ~37C 2w &
% (p<005)-

W -FF 2 RERZEET  mEFRRKER
i 4e > Homre g iE Fiopdrdl e R g EFER LR (p<0.05;
B 4.2) 230~ petewn? »RT &2 55CA Ewl2
fore X drdlA5 (p < 0.001) v 37C ~45Cewi¥ (p <
0.0]1) EEFRERLICF 24T W RT > w2 X458
PRREREFMELE 60 ARt ARE RN P 5 12 45
T2 55 CA w2 wmfe £ 3rd|F25 (p < 0.001) v RT ~ 37C
EuBEE (p <005 2 A5Clenpit 3TCen » 2 me
GEFEFREBLRE (p <0.05) ¥4 55C ke uldp ot
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RT s> % a iy 2 FELAR (p <005t

_L,@

TCau ™5 hp BELLE (p <0.01); > 90 & &g i ?h
MBI ? > 0 45°CE 55C A w2 wmre X Fr A (p <
0.001) v RT %] (p<0.01) % 37Cew (p<0.05) ¥%¥ -
P A C B R 3T Ceu Hme 5552 BFHLE(p
< 0.05)> ¥ ¢ > 55C mulfp st RT 2w > 3 fwe 508 5 & 3
BEEAE (p <005 4pfs 3TCan"RRGF HFHLL

B2 (p<o0.01)-
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120% b,* b,*

b 33
: 7
100% L ol - | o = b**
< - . ‘ N
= ogo% g ** ' a,**
g !T a,*** a’*** T a TRk
B 60% 1 T o
g g FEE i
¥
= 40% B a,***
U Z
20%
0%
& S RPN o & & &
S S S \%6\0}6‘\ c}@i‘?‘ &O)Q;:\‘ O}Q@@@‘%@‘\
Qy}"} Cjﬁ« (}{‘“‘ Q‘f‘ Qf‘" Q.-\ Ko e(/ e K {_/ L e{./ L7

SRR ST S b

Temperature (°C)-Time {min)

Wil 2 FREFFLRERBE (n=3) #H CCT mrwe ki &
|2 PP o mre UBHIEAR S RT 3745 & ITH 33
ARy ARHEL 306029044 FIE8 ¥ % xR
b2 % B AIE 3 X 3 18 ) PSR T CCK-8 A » £ 1
ELISA £ 540 nm Aoz 2k & o B 5 B E U T30E+EB £
(mean +SD) %7 ca~bANA & L BEER 2R 30 £ 453
60 & 4BRETFFRE 2 R b o SRR F L B v 4 T Pvalue <

0.05 > **% 5% Pvalue <0.01 > A *** 5% P value < 0.001 -
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b*
T ’
120% <, C **
i3
100% L T o* T *
. c;
) Hk *
~ ’o% a **3; a,**g, *r* ai* a, a*
:E. ‘ T T : g FEF a** T
fd T 7 7
= 60% T g FEE T
§ ' P
- ‘ T,
E 409 i a.'
U -
20%
0%
S E S T EE S S S S
NP T P & & &8 § S o
SO A S o7 o SN O X &) S Q{"‘ L7 L7 S0
AN R CANIE AN S

Temperature {°C}-Time {min}

W4.2 * FRHERLBEAABS (n=3) # CCT wreths £

¥rdl2 o wme UBSER L RT 3745 & AR R

AR HRHHEL 30602 90 248 FIE 8 FF> xR
B2 BERIL I X oW 18] F{E?* CCK-8 B2 » £ 14
ELISA £ 540 nm B2 B kg o B 5B Lo+ L
(mean +SD) %57 ca~bcA M4 EBRMFTEYET B R
SRR EF VR aFHEEPELHEB b EERT B2 HE

BITCE2ZHR - v BgFEAL R 1 455 P value < 0.05 >

gh‘(

** 2 % Pvalue <0.01 > @ ***% 5= P value < 0.001
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d R REFR R G e+ g R (CCT) 2

it PRI REP B A F AR FHERAR

FRELFFLLE > RBZSREG T R AR E e Y
FRE A ERwe 3 REF 2 EF AR Fl B Pl e 4R
% w DNA ¢ » mnVwmre ik (flow cytometry) A~ 77 F
R R (RT~37TC ~45°C# 55°C) 2 i k= #h &4 CCT oz fx
e EF 2B o gd DNA Z &4 5 ¥ Favimre o7 ik P
2 A A5 0 G0/Gl B dmre 2 4 d REEP 5 2N S % e DNA
B g a3 G2M B Al S 34 4 BenRd A
(4N) #cp o pteb > 5 GO/GlL #7P# 5 2 = 2 (Aneploid) 2 %
¢ MNPl 5 sub-Gl peak » ¥ ELE ¢ 7 3 MwiE k- 2 e
= A B o
Bfwme (4 x10° cells/well) ** 3.5 cm 8 %% > Fim
e pbNETs > MR RE K LS 2 FEAR (RT~37C ~45C »
55°C ) & PR 00 A 4Bz 4] 8t R 5% e Al PR AT o e i

A5 BAIE 8 FZRAEF 3 X > B 3TC 5% C02 740
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ek ZF2BR2HY BE 24 )P Bm% > F 02 flow
cytometry A 7 BLE A S+ F o EH 2 A RHE o
B2 RERZZRESR (IR-C) RE 90 » 45>+ 24 /) PF
o gd i RATRBAET ARG
250 d Bl 4.3 7 EED wre SRS 90 4 4805 0 G0/GL ) snPe ig
F BT R 4 (RT237TC—45C—556C) H fmre & 5 3 7
b od Bl 4.4 > H GO/G1 #p fm®z »t RT (60. 34+2. 34% ) ~
37°C (60.43+0.74%) % 5H5C (57.45%0.71%) PF3=zfIr$] ke
(52.4042.95%) 3 B F 34 (p < 0.05) 113> S ) mre
ARG BEETE (p < 0.05) 29 1 RT muh
SPE B S Rl R R T UG 25 e i
B3 GO/GL #p o gt ob s sl PRS2 F R B A 0 T oE 2N
dvimre TP B F Y GO/GL Hp 2o vk om B G2/M Bp fmve 2 A W

) il o AT A4 OCT fwve 80 G2/M 30 tove § P AR 4 -

{osbe

Ba o EF RS R A Sub-Gl Simer it F 4 F o

MR R e > BT F AR ERY o I F A IR
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1 90 min

Ctrl

e
S -

Go/G1=52.89% =]

5=17.63 %

G2/M=29.48 %

SubG1=4.58 %
[ Apoptosis

B oip G1 o 1
W opG2 g
EDIDS

RT

Go/G1=64.18% & ]

$=14.12 %

G2/M=21.71%

SubG1=4.87 %
D Apoplosis

.DlpG1 o 1
M oo G2 E
DlpS

50

37C

Go/G1=63.34 %
$=11.72 %

G2/M=24.94 %
SubG1=6.26 %
[ Apoptosis
. Dip G1
B oGz
Dips

100 150

500
|

400

100 200 300
| | |

]

50

45C

Go/G1=60.97 %

$=12.49%

G2/M=26.54 %

SubG1=10.48 %
[ Apoptosis

W oipG1
. Dip G2
Dip S

100 150

55C

Go/G1=61.88%
$=15.77 %
G2/M=22.35%
SubG1=9.42 %

[ Apoptosis
[ oo G1
B opG2
m DipsS

W43 i3 90 AMBSH CCT e thimme P A 2 B -

B3 e 90 A il it RS S (B

BERT~37-45&855C  FIEF8 P » %X 2% @8 33) w2k 2 | BB > §|* ¥ kindim

BREFLSFRIEmE N2 B o
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~J
o
*
*
*
*
*

_‘\@_,W—’-H —8—G0/G1

’ T ——G2/M
;]ﬂ i —A—S
0

temperature (°C)

]
o

X 60 /H\H
c

2

E 40 ——Sub G1
a 30 ok ok * *
@

o

>

O

)

=]

[EEY
o

Wi.4 B0 L8R (n=3) ¥ CCT m%ethmie T A H
2R A wme T I L BBt LABK(BEERE RT
37T~45 255 C FIF8 [P » & x 2=x > @ F3 %) 2% 2
I RSB s JIT e REFTARE w2 #

Lo BRBENTHOELHEEZL (nean £ SD) %7 -
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4.3 F1% & > Lo iE e R(R-O A 53 7
S w72 PR (CCT) Jm Pe 3 Hp 2% 2 4P B Bev T 4
IR

S mre A bz A TR LRI 2R
5+ CCT fmPe {s > & Pz ¥ dp i %3 GO/GL #p » X W RT 5 8¢ &
FARIEFT AR A & Gl H ks 2 LI F) A
TSI * & BEZFEHCI P MY FEAR > 2§ p2l -
p27 ~ Cyclin E ¥ CDK2 - § % 11 w72 (8x10° cells/well)
W OcemE ALY o Bl REIS 0 R R E B RS
BRRT 2 pFRF 90 A 482 I e F e e o B 5D | dne
B BT EFLREARE - o F 3 0 B2 3ITC
5%C0:% 7 arfrk Ff 28407 1% 24 | PFis e ime > 5
BH M 30 B fI* @ S £ 82 (Western blotting) iRl
e ik 8P GO/Gl B 4p M 39 ' Cyclin E/Cdk2 ~p2]1 % p27 3-v %
RE2Z I o

feif b b AR 2 CCT dos chim s SE 8 GO/GL P i 3% TR,
B o E S EEkE (B 4.5) BB p2l 4o p27 chks &R
B 4e 0 CDK2 ey 2 5 o & @ cyclinB-CDK2 4 & 4+ cja

Pt ] o A F IR e T iR iE o GO/GL BEEp e
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90 min  Ctrl  RT
p21  —> N
p27 — s
CyclinE =—> ‘

CDK2 =—> T "

GAPDH —>
W4.5 &t RE CCT sw¥e Pl e X 3 4140 B F1+ p2l ~p27~CDK
21 Cyclin E2 B4 - %3 m% BEEA RT 2 pFF 90 £ 482 3
L kBESE (RIES M &% 2% 3% ) 3354% 24

JESIRBEmE > UGS REE LAY Y 2 PR EARE o
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B PR A S 7 R e R (CCT) fm e k=

NN
W

R

g
AR

/w,

W g E Pk (B 4.1-4.2) 2 wzid @247 (B 4.3 -
4. 4)F BLERTIR o bR FE CCT fmve 2 mie b ) 1B 7% & 2
e = R Dlmie = 3 NP s e = L - BRI
A2 5 7= (Programmed cell death, PCD) ik &2 & 4] »
LFEIBR N MBS CCT fmPe 518 fmPe 72 = L% 4 ‘o¥e -
2. A2 > A3 %A1 * Annexin V-FITC/PI %42 kigiplimre
IR G FA e

e (4x10° cells/well) et 3.5 cmi 4% ¢ > Fiw
RS o R FE LT A REAR (RT37TC ~45C »
HC) 2 PR 90 A 42 Frdlle s F 5 o o B RS JL ; e X
3 RIS PFA TR % o @ 3 X 5 &% 3TC ~ 5%
CO:2 a4 kZF 2B 2P BR 24 PP > 11

-

flow cytometry # #7#& BliR o P R A S+ §F Fplmie = 2.
B
YA 2R ER2ZZREHR (IR-C) BE 90 ~ 483 24 /) PF

o gd RN kAT RRR A B R SR RS 2

d B 4.6 7 BRI wmie SR 00 AP e k= A BN
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B R34 (RT237TC—245C—505C) ap gL & >3 3TCH >
ik G RP R ARG kA AEDEF LR (B

4.7)
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»

> .

£= 90 min

S Ctrl RT 37C 45C 55C

=

‘O *3 33% 5.8% 3 2.5% 1.8% *3 5.3% 2.8% [*3 10.1% 1.8% [*] 12.9% 2.0%
[} ] ]

% o 24 | ‘S? 24

L

v " o b

E) o 1. . ‘oo ‘o x| o

o QUERBRL

E 2] "e: [e-

i 9.8% ’3 ¢ 16.2% 8.6% |= 8.9%

Annexin V-FITC fluorescence intensity

W46 Bt 0 LB CCT e himie A= 2 P % 7 it 90 482 Bt BASL(BSER 5 RT>
37T~45 8 55C  FIR 8- PP > & X 2 - @F 3 X )33 24 [ RIS JeBolmie > 1% FLiNE i RB T4

R B e A= 2 B oo
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25

20

*
|
0 i I ' ' '
37 45 55

Ctrl RT

[
W

ot
foe]

Apoptosis (%)

(%]

Temperature {"C)

WA.7T Bt I0 A48 (n=3) CERRH CCT m%e thim
A 2R %A e 00 Ad2 Bt R BASE (R
BRERT37T-45&55C I8 | & X 2= 3% )>
WA 2 PRSI o T FRRE e REFLAITRIE

e 2 R B EEEMNTOEHRE L (neantSD) £ 55 o

44



¥
By
e
4
Tit
-g;\;

Bl m ¥ LB HER o d W wmie 4 3 R 02 EBE o B RN
A SIATER I o Byt i 0 4 R A ¥E
WP AR HT AR BES T LWE BN T E ke 3 PR
FER R RZ A Pt ERBESY AR 414 um AL
ShAavkam & TAv2k 2 B WAL PG R o
PEAMAERR R 5 K HEE G F R 2N o AR AR
d B RMBEH AT THERCCT e th o LBRHE 4 £ 35345
e W E TP BER
Ay ltsk ki * Cell Counting Kit-8 Assay BL%Z &7 - #icim e 15
IR o B Ak b v SRR B E ¥ SRR g drgl e (W
4.1~4.2) * EFREHPFFEEZRF 03 o Birdld £ sok4x
P B> T B IR E PFR % §F 50 (dose- and time-dependent response ) °

FER A1 e FER RGBT L AR - EAR  RREF LR

T ”v/\ RT\37°C \45°C ~ 550C£<‘i:”]~%}—;‘1\]3§_é,1—5é‘;£gvlj‘:l , &i%-@f 60 Av\

&

2200 A48 AR ET 30 A 42 L en] s H mie 3 EPrd (E R
TRTEHF R (p <000 0t 90 AL R R RSN 2
ek B BF (p<0.001) ¥ ¢ > CCT hwre (5 60 & 45.PR 515

AR 30 A 4PE 2§ ] RT 82 37CA w2 e 5 A a7
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R X AERFHLALRE > T A5CE 55CH w2 mE

B4 MELLE A 1 55T N2 mre L #e I (p <

Jz;:t

ERE
0.001) #45Cew 53 8% (p <0.01)> # % » w90 » 4R b
o dpfReT 60 A 4R ET2 & ] o Himie GEFEHITY TG 3 AR
BR2ZPE A radBFE LR (p<0.05) 2 45CE 55C» &
Wz e PRI (p < 0.00 ~p < 0.001) ~ v RT ~ 37TC Je®) i
SHF (p<C0.05) m 60 ~487 90 A 4B RRIPFRF d2™ > N F
BRI B 4 G E L ek o RO PR chE £
P AP HE B Rt R R mie 2 AP T P 0§ SR E -
B R PR R e g A A R RV R RS
BR (REPROTH R S AL ) HrHER w4 £ e i
TR FERAR AR NTRAF SRR P RLFA R R E
BR&E -

dBA2EFeEF P RERZFR  HHETF-FF -2 FERZ
BT i EFRKER SN A B e BT TRERRP
oot b eRdrdled g FEE AR (p<0.05) A 30 &4k vt
Mt ? > RTEHHCHA w2 me XFrd|iF 5 5 8 F (p<
0.001) > @ % 60 » 45 P e+ 90 ~ &R &t w P > B2 45°C & 55°C
B w2 dme R e A5 S BEF (p < 0.000)0 ® 3t 30 445~ 60
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L4 90 A 42 B E Y > I RT w2 w35 K e (E

\E v

BM¥E (p<0.05) %°¢*~m130 ~&meties (p<0.001) # 60 »
4 (p<0.05) 290 »485 (p <0.0]) BRétlew|{ Z8F > a %k
H5d 30 44860 A48 90 482 RS H RT 2w ™ 42k & vt
STCEW M A PIREAT TR P RBHTEREERT TR w
g3 prdlrcdk > B2k & Nagasawa & (1999) 23 40 & > i
ERFERT h2 L FIR BT 2R HR 2 HERD- B 72
R AR REFRZFEY O REFRIRS R
IVRT X PR ER R FELR

%

L

m}

B RS wie 2 AP AT 7 ¢ > Hamada % (2003)
Fd 37CH RATE %R Bt RT 5 oo A FFF § 5% Hela o
2 (R A Fphmre) chd £ o w2 FED K A PRI 2 R e
(human fetal lung fibroblast cell line ) WI-38 z_ # £ » ¥R P 1 R
A a2 2k 0 ® Peidace ¥ (2013) 2 #7 § 7B T ik
L R A R Rk MCF-7 3 #7455 8% > i ¥ A 854 4

2 % 'w*¢ (Human Epidermal Melanocytes cell line ) HEM 2_ 5 7% & R

FERP B L TR F s R 30 005 8 S e

FPHRZ N AR R KA 2 F e REE S TR A Ak
AEFE- o ER KRB RAPIZITZ W e IR A RR 0 AR
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Alac L 5e @R R b REFFZINET § oie L33 24§ 97 i
Ho ¥ b AT T RS F IR mee CCT 2 2% $i Teraoka % (2004)
SRR VERIBE LR A LER AL 90 &
8 - X o BF IR AT T o Hiww 3EFHARERET &
2L ¥ Bp F 2 puR 0 #2 Teraoka & (2004) >t % ¢ @ R 6 X 2
Fres {a bRt REaRmie 2 T4 T o dupld £
P2F R RF]S R N i RAFER S P ERE T o
P M AR ATROY AFE TR IR ERFEEZ L AT T
NPT R ET AR 2 PERR DT R o

Hamada % (2003) 2. #7325 i o P AZERGIE 2 T g fn v i
T o HAE A P A ILEE A Bt g AP R BER T
5'%&’@,_51)5595—1'-’3’@3:3}7%\%%?:1‘ ,‘ﬁgﬁlﬂ°3}7§i Jiﬁﬁi“ﬁf’%i‘é:-%

-

I

I~

ik

VR ARG BREER ORI AR W Rk
AERFAIEG P PR PP R N R R
ME APk SRS AR LR AT K F E
AR R B KBRS SR hR K o AR AT BB A e R

PaE R S HE R A 0 kAR B e MR e A T 2 gk

B .
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Ed w3 R TR E LA VIR RERAYREER
(RT~37C ~45C ~55C) ®1* ™ » 5 90 452 Retip it 30 » 4
TG FLELE (p <0.001) 48RP 90 & 45 PR &
’ffiT’?é‘;"fmﬁeirﬁHF BhmPe = kP4 s T - H
P #d 1* i ik (Flow cytometer) 4 73k iz h A4 A 3F
S8 CCT 5 90 » 48R 515 m%e DNA 2 £ 2 & (b ] > LB o2
FH LTI o SEFR > e RS 90 £ 4515 0 H GO/GL & m¥e
* RT (60.34£2. 34%) P* » dpdt e (52,4012, 95%) &3 o
BaRi4ez2 A8 (B 4.3 4.4) 23 S#mie s i+ il
FTE (p<O0.05) Br it mPEHA CAETE AL T
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