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1. A & A

Aesculetin (Sigma-Aldrich, St. Louis, MO, O|=)2 T 5t0, dimethylsulfoxide
(Wak-chemie Medical GmbH)0| =0 -20°CO| E&SIRALCt L=2| X2 &= Figure.
10 LIEFLHRACE Anti-human CD38-PE, anti-human CD138-FITC & Miltenyi Biotec
(Bergisch Gladbach, =g)0|AM TSI, anti-human CD19-FITC, anti-human
CD34-PE, FITC, PE Mouse IgG-isotype control, Annexin V-FITC = BD Bioscience (San
Diego, CA, O/=)0flA FUSISALCt FITC-LEHD-FMK = eBioscience (Atlanta, GA,
O =)0l A FSEACE Celltiter 96® Aqueous One Solution Cell Proliferation
Assay £ promega (Madison, WI, O/=)0fA FSIFILCE DiOCs(3) (3,3'-
Dihexyloxacarbocyanine Iodide)= Sigma-Aldrich (St. Louis, MO, O]=)0|A
TS}, Nuclear and Cytoplasmic Extraction Reagents = Thermo fisher
(Waltham, MA, O]=1)0)| A FRSIRALCE Cell proliferation ELISA, BrdU (colorimetric)
Kit = Roche Diagnostics (Mannheim, =2)0A FUSIYUCE  Propidium
iodide(PI)/RNase staining buffer = BD pharmingen (San Diego, CA, O/=)0|A
TUSHSLCE Western ECL substrates = BIO-RAD (Hercules, CA, O|=)0{A{
T YSHEILE anti-cleaved caspase-3, anti-cleaved caspase-7, anti-cleaved caspase-9,
anti-cleaved PARP-1, anti-BCL-x|, anti-BAK, anti-Bax, anti-MCL-1, anti-c-myc, anti-
CDK4, anti-CDK®6, anti-P-STAT3, anti-CyclinD3, anti-p21°P!, anti-p274*!, anti-Rabbit
IgG(H+L)-HRP, anti-Mouse IgG(H+L)-HRP = cell signaling technology (Beverly, MA,
Ol=h)ofl A T USHRALE. anti-B-actin, anti-CDK2, anti-STAT3 anti-cytochrome C anti-
BCL-2 = Santa Cruz Biotechnology (Santa Cruz, CA, O|=)0|A FSISHCE



2. M= H|S

2 A0 AH8T MIZEs CHEE+3 MZEFQ RPMI-8226 O|Ch AMZES| HI
HHYE Figure 2 O LIEFRCEH RPMI-8226 MIZ&= RPMI1640 HHX| (GibcoBRL,
Grand Island, NY, O/=)0] AEHOL™A (GibcoBRL) 10%2t H|L|Al Z2l-A E M EDOLO| A
1%E AHBSIRALCE MIZE 37°C, 5% CO2 H{Z|0A HHYSIR D, MZ7t 70~80%

g A5E W AEl S StACEH

3. M= =&X|Xto] CHEE |RME EA AT

RPMI-8226 M|ZE £2t5t0] phosphate buffered saline (PBS)Z 2 3| MA&stCt.
1 2, anti-human CD38-PE, anti-human CD138-FITC, anti- human CD19-FITC, anti-
human CD34-PE, FITC, PE Mouse IgG-isotype control 2 4°COIA 30 & ¢
FMBICH PBS 2 2 3| MHStL, MIZE PBS Of £R]AIF{ FACSCalibur flow

cytometer (BD Bioscience, San Jose, CA, O|=)E AI23t0] MEZE EABHCL

96 well plate O RPMI-8226 MZZE 1x10* cells/well = seeding 31,
AZEIS XNelsto] 72 AlZE S 37°C, 5% CO2 HIY 7|0 HiYSIRICE O|=F, 96
well plate O &7! 2, ZF well OCh Celltiter 96® Aqueous One Solution &
Xe|st 4 A[ZH 37°C, 5% CO2 HiLZ|0f| HiYSHRALCH SEHE= PowerWave XS2
Microplate =& &= (BioTek, Winooski, VT, O|=)& AE35}0{ 490 nm Of A

5o ALt

24 well plate O] RPMI-8226 MZEE 5x10* cells/well 2 seeding ©St1,
A= EIZ N5t 48 AlZH SQF 37°C, 5% CO2 H{Y7[0f HiAFSHRALCE Cell

proliferation ELISA, BrdU (colorimetric) Kit (Roche Diagnostics, Mannheim, = 2)&
X

=
TS A2SIRUCE MEE F=38H7| 24 AlZt H, BrdU labeling reagent & M

i



Melet 2, 37°C, 5% CO2 Hi 7|0 BiYSIRALE 72 Al2E X[ =, MZE ZOLHO
Washing buffer 2 2 3| MASICH 10 = Fix Denat € €1 &20(A 30 & bt
SIRALCt a-BrdU-POD & EO0{&E 2, &20|M 2 A|Zh mBtstCh Washing buffer 2
22| MA3Tt =, Substrate solution & €0 F1 96 well plate O &ZICt S& =&
SpectraMax® ABS Plus Microplate Reader (MOLECULAR DEVICES, San Jose, CA,
O=)E AFE5H0 370nm O A ZHESHRULE

= |

r

6. M= AMEo| it RM=Z 247 24 A7

24 well plate O RPMI-8226 MZE 5x10* cells/well £ seeding SFEICtH 12|11
HAZSYEZ NMelsto 72 A2t S 37°C, 5% CO2 H{L7|0f| HiLSIRACE O] =,
MZE Zo{Liof PBS 2 2 3| MASBICE Annexin V (BD pharmingen)S A 20| A
15 2 59 HM3SIO FACSCalibur flow cytometer (BD Bioscience, San Jose, CA,

Oj=)& A0l MZS EMTtLt.

7. Caspase B0 St M= 247 24 AT

96 well plate 0 RPMI-8226 MZE 1x10* cells/well 2 seeding S}R{Ct. 2|11
A2 ES Mt 72 Azt ¢ 37°C, 5% CO2 HiZ7(0f HiSHRACt 2t
well Of FITC-LEHD-FMK & HZ|otl 8l& AHESHO 37°C, 5% CO2 HiF7[0f|A]
LAIZE gAMSGIct O 2, MZS ZOUO PBS 2 23 MAHDEL, PBS Off 2RAI7
FACSCalibur flow cytometer (BD Bioscience, San Jose, CA, O|=)E AtE3l0] MZE

SA3ICE

8. D|EZECZ|or 9F M| (MMP)Of CHSH RM=Z EM7| 2M AT

60mm dish O RPMI-8226 M|ZE 5x10* cells/ml 2 seeding 5t11, AZHES
Xelstol 72 AlZb S 37°C, 5% CO2 HHT[Of HHLSERACH 2b well OFCE
DIOCs(3)2 AMelstn g XEHst0] 37°C, 5% CO2 HiZZ|0fA 30 & FAMSHRALCE
DIOCs(3)= M= HEH HA|XAE O|EFE2|0te 9 Melof w2t 0|EZE2(0te

»EO

0x



MNZZo| =XECH O 5, MES £2310] pPBSZ 23| MAStD PBS O EQAIH
FACSCalibur flow cytometer (BD Bioscience, San Jose, CA, O|=)E ARE5I0] MEE

= 4ot

Xt742  Cytoplasmic Extraction Reagent (CER)I 1t
Melsty 20| 10 27 sfretct d2|1d CEROE NE2|st 30 1 22t

Hifot =, 5 25t 16,0009 HHEEIE 510 &&AUTt Z2|8H, gel loading

o

Ct.

OH O}
O|£ anti-cytochrome CZ immunoblotting 5t0{ ZQIHC},

10. MIZF7| 2M0f et FM=Z 247] 8 A3

100mm dish Off RPMI-8226 MIZZE 5x10* cells/ml 2 seeding 5t11, HAZH EIS
MEelstd 72 A|ZF &@F 37°C, 5% CO2 HIF7|0f BYSIRACL O|F, MZEE ZHO{L{O
PBS 2 2 2| MZASIL, 4°C 75% O|Et=22 M2|5t0] otFE ngA|zict. ngE
M=ZZ PBS 23| MASH =, MZ0| Propidium iodide(PI)/RNase staining buffer (BD
pharmingen, San Diego, CA, O|=) Al2fE XNe[sta H20M 15 & 3¢ 2
Kictot HEfO A FASHRACE HAME MIZE FACSCalibur flow cytometer (BD

Bioscience, San Jose, CA, O|=)E& AIE3I0] M=

mjo

M

=
™

mjn
o

Ct.

11. Western blot 24 3
RPMI-8226 M| Z0f| AZHEIS s EE X2[et F, RIPA lysis buffer (50mM
Tris-HCI, pH7.5, 150mM NaCl, 1% NP-40, 0.5% sodium deoxycholic acid, 0.1% SDS,
1mM PMSF), CHHEIESIS A AMK =X (AEBSF 1mM, Arotinin 800mM,
Bestatin 50uM, E64 15uM, Leupeptin 20uM, Pepstatin A 10uM)S 0|83l &3dA|ZIC}
2|2l CHEHAEL2  Bicinchoninic acid (BCA) THEHAE 22X A|QF (Thermo fisher,
C

Waltham, MA, O=H)2 =2 M2k S}FLCt S| CHMAEZ SDS-PAGE 2 £2|5t0



Nitrocellulose membrane 22 O|SA|ZICE Xt CHEHZEO| HIEO|HQI Zgt

mjo

27| {8l 5% FX|E XS (BD Difco, Bedford, MA, O|=) in Phosphate buffered
saline with tween20 (PBST)Z &20|A 1 AlZE SQF wBHSIACE 1 Xt SHE 5%
FAE Xl in PBST Of 3|MAIHA 4°Cof StF ¢

PBST 2 MAot = 2Kt &HE PBST O 3|50 20A 1AIZE BRSAIZACE O

S HSAIZCE Azt &3

— = T

=, PBST 2 MA3I0 western ECL blotting 7|& (Bio-Rad, Hercules, CA, O|=)&
EFX|SHRILE,

12. 84 &4

GraphPad prism7.0 £2ZEQ|0] (GraphPad, San Diego, CA, O/=)&
=H5IA, 2= Aot ME ojde ZEXHQ Mo oot Ha + EFE
QXHSEM)E A8 SAIME| SFRACEH ED, ZE L2 Tukey's range test Of
[HE one way ANOVA O Qs EAME|QUCE XO|= p<0.05 {95% confidence

intervals}£ F2lgt2 E0{FALCt
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1. A2 E2 CfE=E+FT M=Z0M HMESES
A2 EIO] (Fig. 1) CHAEST MZEAM MEZSES 222 + A=X| 25|

?l5ff CHES+F MZEQl RPMI-8226 MZO| O|AZ

0

=
CD138 (Fig. 2A)2t =4 HX|EXQl (D19, CD34 (Fig. 2B)E =QISIRULCE
A2 ES 5222 X2 F, RPMI-8226 MZES| MZEE0| oA EQ &=

SIEHeR Uadts As = = UKL (Fig. 3A). =T MESFO|

ot

MZXEALRE 23 A=K =S| 2[5 Annexin V. FME Sl FAMZE

2M7|2 Zolstgict, O AL Annexin V. ¥H MEI ALY E sE
OIEMo=Z FIIttE AZ SQISIRACH (Fig. 3B). O|E S O|AZEO
CHU =T MEFOM  MEXZAR ¢2tE MzZzsdEE 7Hite A2
2tOISHRI L
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Figure 1. Molecular structure of Aesculetin.



(A) Positive markers

CD38 CD138
(IB6) (44F9)
S S
o [ :
o { <=
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o ! O |
109 10! 102 103 104 109 101 102 103 104
FL3-H FL1-H
(B) Negative markers
CD19 CD34
(HIB19) (8G12)
o
(=) (o]
E —
o ] ®
[t &=
3 =
o (o]
O O
o T - o - -
109 101 102 103 104 109 101 102 103 104
FL1-H FL2-H

Figure 2. Characterization of major surface marker in multiple myeloma cell line.
Positive marker (CD38, CD138), Negative marker (CD19, CD34); Filled histogram

represents the isotype control mouse IgG1; open histogram represents each antigen.
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RPMI-8226 RPMI-8226
100+ sy 1001
ek :\;‘ dedek
g 80 g 804
2 604 ok § 601 Rk
3 e
E 40- - = 404
= £ Hkek
O 20- g 204
0- 0-
0 1 5 10 20 0 5 10 20
Aesculetin (uM) Aesculetin (uM)

Figure 3. Aesculetin induces cytotoxity in RPMI-8226 cells.

(A) RPMI-8226 cells were treated with Aesculetin 0, 1, 5, 10, 20 uM for 72h, the cell
viability was analyzed by MTS. (B) Flow cytometric analysis of the cell death after
Aesculetin 0, 5, 10, 20 uM treatment for 72h. Data are represented mean + SEM.; ™,
p<0.001. “Significantly different from control cells.
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S E ot}

A2 Eol ot CHYE+F MEZF RPMI-8226 ME2| MESHO| MIZEXHAL

7oz YojHbs AS CHEE RME Soff &eSiRich O 2o, oA=&l
O 2 cleaved caspase-3, -7, -9 2} Poly ADP-ribose polymerase-1(PARP-

S|
1)o| CHEE 0| FItk|= AS QISR (Fig. 4A). £3H FITC-LEHD-FMK 2

=
mjo
om J
els

for
ro

SIS M=, OAZSYHEL s 2JEMOE caspase-9 2| 20|
7t5t= AE HOISIICH (Fig. 4B). Ol Sdlf O|AZeElo 23t CHEE
MEAZE MZXEAR 7|H0| 25 YO{LIDH caspase pathway 2|EXH
2l

SFRALY.
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(A) (B)

RPMI-8226
RPMI-8226
0 5 10 20 upMm 80+
Cleaved 3 2 =
eaved caspase- - - ;5 s
2
Cleaved caspase-7 | = = ama —= © - ek
[=2]
Cleaved caspase-9 | = == == &= § *k I
% 20+
1]
e — — o
Cleaved PARP-1 — .. I .
0 5 10 20
B-actin — e —— Aesculetin (uM)

Figure 4. Aesculetin causes toxicity in RPMI-8226 cells through caspase
activation.

(A) Whole cell extracts were probed by western blot for cleaved caspase-3, -7, -9,
and PARP-1. B-actin was shown as a loading control. (B) Caspase-9 enzymatic activity
was measured in multiple myeloma cells by flow cytometry. The experiments were
repeated three times and data are represented mean +SEM.; *, p<0.01,”, p<0.001.

“Significantly different from control cells
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3. |22 EI2 RPMI-8226 AMZOjA DIEEZEZ|0f ZHAZRQ =ZHIE B

MZMES |ETCL

o]
=

I

=2 B0 ot CHeEF2l MZEAZF DJEZE2|ote offH 23H0| A=K

2tolsty| sl D|EZEZ|ote| Bf ME ZHHESIACL 22 ES s g2
Melgt ChE, DIOC()Z FMsHACE 1 Zan o232 E sk oEXHe=
DIOCs(3) ¥ M=Z7} ZtAstE HS RPMI-8226 MIZO|A =QISIRALCE (Fig. 5A)
anti-apoptotic TH#ZAQI BCL-2 @F BCL-xL 2| 30| sk oEXMOZR ZASi=

o4
A2 OIS, pro-apoptotic THME QI Bax 2 Bak O] 7tst= A2 =QlstRLt
(Fig. 5B). 2 MEZHE HEE WOEIE CE THE U FEE HQSAS
e OAZHE s QEXSE FItste A2 &SHRULt (Fig. 50). 0|5 Sdf
olAZ2 B0l 2t ChdE E

2or YojLte AAS RISHRACE

E—u

0P>I

MZ AtE2 0

—
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=

RPMI-8226

-
(=]
T

*

5 [=2] =
=] =]
1 1 1
*
*
*

N
T

DiOCg (3, positive cells (%)

o
1

0 5 10 20
Aesculetin (uM)

©

Cytosolic
cytochrome C

B-actin

B-actin

RPMI-8226

(B)

BCL-2
BCL-xI

Bax

Bak

0 5 10 20 uM

RPMI-8226

0 5 10 20 uM

e

——— an—

Figure 5. Aesculetin induces activation of the mitochondrial pathway in RPMI-

8226 cells.

(A) Decrease in the fluorescent intensity of DiOCg(3) is shown in cells with a loss of

the mitochondrial membrane potential. Aesculetin-treatment induced depolarization

of mitochondrial membrane in multiple myeloma cell. (B) The anti-apoptotic proteins,
BCL-2, BCL-xI were decreased and pro-apoptotic protein, Bax and Bak were
increased dose-dependently. It evaluated by western blot. The membrane was

stripped and reprobed with anti-B-actin mAb to confirm equal loading. (C) The

cytochrome C release from the mitochondria to the cytosol in Multiple Myeloma

cells after Aesculetin treatment for 72h. The membrane was stripped and reprobed

with anti-B-actin mAb to confirm equal loading.
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4. A2 T2 RPMI-8226 MIZS| M=ZZ4 AX U Go/Gl MEF7| HXIE
st}

AZEO0| CHUEFT MEZOM MZESA0 dF¥s FeA| HQlsts| 28
RPMI-8226 MZO| O|AZ2 &S XM2|StIUCE oAZES N

MZo| MZSA Z

(Fig. 6A). CHUEFZT M=EO|M oA 0| 2l MZESA
MEF7| BMEZ SsiMz =olstQict O Znt, oAZEe s 9ENSZE
G0/Gl F7t0| B7tEl= AZ =QISHALCH (Fig. 6B). MEF7| GO/Gl1 740
2H0{St= CHME QI CDK2, CDK4, CDK6 = ZAsti, ALO|Z22 oIEN Qlistalh
AKX H Ol p21drl, p27kPl 2 CHEHZl dis

S8 CigEs

{o
e
Y
=
oo
N
N
()]

20| =2 sk oEHe=zE Haols A

B

O] B7}SIRALCt (Fig. 7A, B). 919 AnE
M=ZolM oAZ2| B0l ME=ZF7l P+ T G0/G1 TS
A

o
GRAA ME S4S AMSD MZXZAE FEotits AS 2Q5HRAL
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Figure 6. Aesculetin inhibits cell proliferation of RPMI-8226 cells and induces
GO0/G1 cell cycle arrest.

(A) RPMI-8226 cells were treated with Aesculetin 0, 5, 10, 20 uM for 72h, the cell
proliferation was analyzed by BrdU assay. (B) The indicated concentrations of
Aesculetin were applied to RPMI-8226 cells for 72h. Representative graphs and
quantitative cell cycle analysis after flow cytometry. Data are represented mean

+SEM,; ™, p<0.001. ‘Significantly different from control cells.
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Figure 7. Aesculetin regulates the expression of cell cycle related proteins in
RPMI8226 cells.

(A, B) Expression levels of the GO/G1 phase related protein CDK2, CDK4, CDKS,
p21°Pl, p27kP were detected by western blot. The membrane was stripped and

reprobed with anti-B-actin mAb to confirm equal loading.
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Figure 8. Aesculetin inhibits STAT3 expression in RPMI-8226 cells.
(A) Whole cell extracts were probed by immunoprecipitation for STAT3, P-STAT3. (B)
Whole cell extracts were probed by western blot for c-Myc, BCL-xI, Mcl-1, Cyclin D3.

B-actin was shown as a loading control.
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Figure 9. Mechanism schematic diagram showing the effect of Aesculetin in

multiple myeloma.

Treatment of Aesculetin on multiple myeloma cells affects caspase-dependent

apoptosis by increasing cleaved caspase-3, -7, -9, PARP-1. In addition, it induces

mitochondria-dependent apoptosis through decreasing BCL-x|, BCL-2 and increasing

Bax, Bak. It inhibits the cell cycle by increasing p21°?!, p274P! and decreasing CDK2,

CDK4, CDK6, Cyclin D3. Aesculetin inhibits the expression of STAT3 and also

decreases STAT3-related proteins Mcl-1 and c-Myc. In summary, Aesculetin induces

apoptosis of multiple myeloma cells and inhibits proliferation through cell cycle

inhibition.
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Background: Multiple myeloma (MM) is a disease that occurs in plasma cells, the
final stage of differentiation of B lymphocytes, and is characterized by excessive
production of abnormal M protein instead of normal antibodies. Clinical symptoms
include hypercalcemia, bone lesions, and anemia. Currently, treatment methods for
multiple myeloma include chemotherapy and hematopoietic stem cell
transplantation. Aesculetin is an extract extracted from the ash tree and injin
mugwort and is known to have anticancer effects in various solid cancers. This
experiment was conducted to confirm the effect of treatment with Aesculetin on

multiple myeloma cells.

Method: RPMI-8226 cells, a multiple myeloma cell line, were treated with Aesculetin,
and then cell proliferation and cell viability were confirmed using MTS and BrdU
assays. Cell death was confirmed by Annexin V staining, and cell cycle and
mitochondrial membrane potential were confirmed using flow cytometry. Proteins

related to this were confirmed by immunoprecipitation and Western blotting.

Results: Positive marker molecules (CD38, CD138) and negative marker molecules
(CD19, CD34) of RPMI-8226 cells were identified to prove that they are multiple
myeloma cell lines. The result of IC50 value of 10uM was derived. As a result of
comparing apoptosis through flow cytometry, it was confirmed that apoptosis was
induced as the concentration of Aesculetin increased. Confirmed. Subsequently, as
a result of checking caspase activity and mitochondrial membrane potential to
determine through which pathway apoptosis occurs, it was confirmed that caspase
activity increase and mitochondrial membrane potential decreased as the
concentration of Aesculetin increased. It was confirmed that the cell death caused
by this occurs through an endogenous pathway. In addition, as a result of checking

the cell cycle, it was confirmed that the GO/G1 section was stopped by Aesculetin,
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and the expression level of the protein involved was also regulated by Aesculetin.
Finally, as a result of immunoprecipitation to confirm whether the STAT3 pathway is
involved in cell death caused by Aesculetin, it was confirmed that the expression of

P-STAT3 and STAT3 decreased depending on the concentration of Aesculetin.

Conclusion: Aesculetin has shown the effect of inhibiting apoptosis and cell
proliferation in multiple myeloma cell line, and has the potential as a new treatment

for multiple myeloma in the future.

Key word : Multiple myeloma (MM), Aesculetin, Apoptosis, Caspase activation,

Mitochondrial pathway, Proliferation, Cell cycle arrest, STAT3.

30



	I. 서 론
	II. 실험재료 및 방법
	1. 시약 & 항체
	2. 세포 배양
	3. 세포 표지자에 대한 유세포 분석기 분석 연구
	4. 세포 생존율 분석 연구
	5. 세포 증식률 분석 연구
	6. 세포 사멸에 대한 유세포 분석기 분석 연구
	7. Caspase 활성도에 대한 유세포 분석기 분석 연구
	8. 미토콘드리아 막전위에 대한 유세포 분석기 분석 연구
	9. 싸이토크롬 C에 대한 세포질 추출 분석 연구
	10. 세포주기 분석에 대한 유세포 분석기 분석 연구
	11. Western blot 분석 연구
	12. 통계 분석

	III. 결과 
	1. 에스쿨레틴은 다발골수종 세포에서 세포독성을 유도한다
	2. 에스쿨레틴은 caspase 의 활성화를 통해 RPMI-8226 세포에서 세포사멸을 유도한다
	3. 에스쿨레틴은 RPMI-8226 세포에서 미토콘드리아 경로의 활성화를 통해 세포사멸을 유도한다
	4. 에스쿨레틴은 RPMI-8226 세포의 세포증식 억제 및 G0/G1 세포주기 정지를 유발한다
	5. 에스쿨레틴은 RPMI-8226 세포에서 STAT3 의 발현을 억제한다

	IV. 고 찰
	V. 참고문헌
	영문요약


<startpage>10
I. 서 론 1
II. 실험재료 및 방법 3
 1. 시약 & 항체 3
 2. 세포 배양 4
 3. 세포 표지자에 대한 유세포 분석기 분석 연구 4
 4. 세포 생존율 분석 연구 4
 5. 세포 증식률 분석 연구 4
 6. 세포 사멸에 대한 유세포 분석기 분석 연구 5
 7. Caspase 활성도에 대한 유세포 분석기 분석 연구 5
 8. 미토콘드리아 막전위에 대한 유세포 분석기 분석 연구 5
 9. 싸이토크롬 C에 대한 세포질 추출 분석 연구 6
 10. 세포주기 분석에 대한 유세포 분석기 분석 연구 6
 11. Western blot 분석 연구 6
 12. 통계 분석 7
III. 결과  8
 1. 에스쿨레틴은 다발골수종 세포에서 세포독성을 유도한다 8
 2. 에스쿨레틴은 caspase 의 활성화를 통해 RPMI-8226 세포에서 세포사멸을 유도한다 12
 3. 에스쿨레틴은 RPMI-8226 세포에서 미토콘드리아 경로의 활성화를 통해 세포사멸을 유도한다 14
 4. 에스쿨레틴은 RPMI-8226 세포의 세포증식 억제 및 G0/G1 세포주기 정지를 유발한다 16
 5. 에스쿨레틴은 RPMI-8226 세포에서 STAT3 의 발현을 억제한다 18
IV. 고 찰 21
V. 참고문헌 23
영문요약 29
</body>

