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ABSTRACT

The effect of B-sitosterol proliferation and apoptosis
in human uterine leiomyoma cells

Youngsun Park, Seunghee Baek
Dept. of gynecology, College of Orinental Medicine, Daegu Haany University

Purpose : B-sitosterol is kind of phytosterols or plant which are structurally similar to

cholesterol. This study was aimed to investigate the inhibitory effect of the B

—sitosterol on the proliferation of human uterine leiomyoma cells and the expression of

gene related the mechanism of cell apoptosis.

Methods : We counted the number of death cells treated with indicated time of the B

—sitosterol and investigated cell death rate by cell count assay. Furthermore, flow

cytometry analysis and DNA fragmentation assay were used to dissect between

necrosis and apoptosis. and then we observed the differential gene expression by
western blot analysis.

Results :

1) The inhibitory effect on the growth of uterine leiomyoma cell treated with the B
—sitosterol 16 UM was increased in a time dependent.

2) The result of flow cytometry analysis, subGl phase arrest related cell apoptosis
was investigated 16.97% in uterine leiomyoma cell treated with the B-sitosterol 16 1
M and showed the fashion of proportional time dependent.

3) The gene expression of p27, p2l related cell cycle was increased according to
increasing time interval but cyclin E-CDK2 complex was decreased expression.

4) The character of apoptosis, DNA fragmentation was significantly observed on the
time dependent.

5) The expression of pro—caspase 3 and PARP were decreased dependent on treatment
with time dependent.

Conclusion > This study showed that the B-sitosterol have the inhibitory effect on the

proliferation of human uterine lelomyoma cell and the effect was related with

apoptosis.
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Fig 2. Uterine leiomyoma cells were treated
with indicated time of B-sitosterol 16
uM. Cell proliferation was determined
using the BrdU incorporation assay ( =
; p<0.05).
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Fig 3. Uterine leiomyoma cells were treated
with indicated time of B-sitosterol 16
uM. Cell cycle profile were analyzed
by FACS analysis. The values repre -
sent the number of cells in a phase
of the cell cycle as a percentage of
total cells.
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185



£ MEC| Beta-sitosterol 420 422

ENE BA

Mot MEZXEAS S0l OlXls S8

5 cyclin E, CDK2, CDK4, p27, p21 H#%
Skp2 kel Uk E3h

AFg A ol B-sitosterol 16 M2 €]
Slar Al wE  cell cycled] A8 F7
A S Bl A3, p27, p2l SRR Al
2 3o Z7telglx, CDK,
cyclin E, Skp2+= W&o] 7hAstgl o) CDK4
= wae) sl o (Fig. 5)

o] Az

B-sitosterol

Control 24 48 72

Time (hr) :
P21 (21kDa)
P27 (27kDa)
CDK2
Cyclin E

CDK4

Skp2 p45

B-tubulin
(46kD a)

Fig 5. Uterine leiomyoma cells were treated
with indicated time of B-sitosterol 16
uM. Effect of B-sitosterol 16 1M on
p27, p21, CDK2, CDK4, Skp2 and
cyclin E protein in uterine leiomyoma
cells. B-tubulin was used as internal
control.

6. MEAEAL #A FRAk digk &7}

A&LEA Eo| B-sitosterol 16 M2 x|z
Shal Alghell mhE Al ZAEALY] HRE Yol
] $3}te] pro-caspase 3, PARP 714}
e SA A}, A7t vEske] vEA
e] 2] pro- caspase 3 Tl ?E‘.J kA 7h47}
Zuon PARPE ¥E7t S7heps W3
o] 7}+43lm PARP cleavageL w71 Z7)9
= Wil 2R VARG TH Rb
w7t %ﬂ@*i G147 W ar, E2F
A7t tase A _HLO%T?}U:}
ig. 6).

ofl (T

el

= S o A

B-sitosterol

Control 24 48 72

Time (hr) :

Procaspase 3
(32kDa)

«— 116kDa
<«— 85kDa

PARP
(116/85kDa)

Rb
(116kDa)

E2F-1

B-tubulin
(46kDa)

Fig 6. Uterine leiomyoma cells were treated
with indicated time of B-sitosterol 16
uM. Effect of B-sitosterol 16 1M on
pro—caspase 3, PARP, Rb and E2F
protein in uterine leiomyoma cells. B
-tubulin was used as internal control.

e FR13 doddaa Mg sgk &k
AEE SR
20% o]’FllA &
(monoclone) & Fe| = AT olA 7]L3
Aol BEr Axd 9. AgeE
o] Ruli= A 97| 4 (extracellular matr ix)2]
S} MzZA 2 B A @Al
| gz gk Welgd thajAle o4
gehg 71de] AWEA B2 JHE JAER
Az ZRA~EE o8 sk,
-agonists AHEPS A4 AQAERA

5 fustel Tl AFHTE nat
33-35)

30

:

}

|m

=

SAAN
)

Agagsl 9ok Amdl W@ ATLE
=&y #Aste]  progesterone  receptor
blockerdl RU-486¢] whgt 2583 GnRH

antagonist, angio-inhibitor ¢] &3} o3 1
7 gom® wdgse] AsAR A
FARAIQl prifenidong o] 88+ A-g+-
¥224 9 collagen AA-S A ST

7. Nowak 5*Pe AAlz

¥ F4 9 collagenolnt &

-

;O

001’

o rr
=

Al
al

B g
7b A Al

5]

M ofl 3o K

=

186



The Journal of Oriental Obstetrics & Gynecology Vol.18 No.1 February 2005

# 52 Agae] Agegel 54 f&u}z 42
3l o] AR A= xjkglo
AZA ] 7hede dskal Yok,

W A= At oA W
A3k FHATQ e MEe na Y
©] TJJOEL SORERS, tiF, B, BE,

1, B e #lo] glom T F M
7}72} %ﬁf& Aoz AAS ] IE M
9159 Aoy} ool thgs T gk,
GEIMFES N CREMAKE Y ) Jx=2
Aol TR L= LR (spatholobus
suberectus Dunn )9} EHAZEME( M. recticulata
benth), EALIMBEEL M. birdwooiana Tuicher ) &
I FEEES xS Aow F3loMe F=
ITIMAHIN, EFARTEAG oto] BRETMER, RIRE
e, FAERLA, AR, mEEREH, A&
Tl ARg-HT,

L5 1M ¥ (spatholobus  suberectus Dunn )2 for-
mononetin, diazein, isoligiritigenin 59| fla
AE 3} Bsitosterol,
campesterol 59] sterols Al R0 7 A H o]
1o By S5 gt
o WS olg o] AgREAE
o BANAEAY ALAE §

o E?"{ P

vonoids 7| sigmasterol

3}]\

4P 2 A A9 AR} m; gjvomx} %%
9 sl Bsi-
tosterol & AME-3to] AlgLEA xo W ax)
£ golry] 93l Alwg Aol
B-sitosterol > 21EA] sterol F<] shfeln]
e 2d B0 AR RS 7 U4H YA
o w4 Fx7 g2A widso] vk, A
dAE AEA sterole AT 47 QA F
Foll SaiARr A= Aor FE AEA
£, A, o b fralg e,
olggt AEA sterole 3¢ EIU} Y AL
= geA dat, 53] % Kokl Al A EAE

=
AE fEske Aoz Jud Al T 4

ne r_>¢

oo AAl= B-sitosterol% Aok g A
cEAEd Y @ F AgesaEe 44
ARl ZAeAl adks ZARlal, DNA frag-
mentation A3} A EF7| R WL
G719 PP GAASY BAL 2489

/‘]'9’]' el 34\%1% 33—]’ x]_u:l/\]_
£ 2oy v Yete] B } G035t
AdE AL 7 AT

A B-sitosterold] &7 AFEEA X =

A4 gats dolny] 3 v AgE
A3 16 pMe] sE= zm 3 04 48 72
AlZke]l A o] NEE Fsle] AEsE

4% A, Z}%jé/‘ih«] A A mA7t
3ol 40% 2] ZAeAl v} e Fig
E32 AqAe avs Byl Y A
SA A —‘ﬂrﬁzi A&k BrdUZ o]
s A FHAAE B F
AthFig. 2). IH == Bsitosteroldl] 23+ A5
SHAEY FHM EHE FAILT
53te] B-sitosterololl 23 A}
AA 4 mA= EHE ERl
2 B-sitosterolo] AMEF7]e] w A=
ALet7] glste] AggAlaEd] 16 n
sitosterol -2 ] @]sl A|FHEE F
olgstel AEFAE BN 2
F72 190%= Jelykor}  Bsitosterol
7207k Holl= 1697% 9] subGl 7]9] A$lo] 3
ujo] AxApEALe] A ZAS FRlsd
AZbe) Al we} sibGlel ol £718 &
#2891t (Fig. 3). T3+ B-sitosterole]l 3 Al
AR} R B3E ol el Age

HS
1o
>
i
rnlo

=
H]EO ==

o% ¥& Tl
rn[o o ol
s

S

7]

=]
S
g

m[m

10

Hox K R ok oll
off
k1
J“LI-N
7

187



EME| Beta-sitosterol 8201 N2 2BHME SAAN MEXZ A &

in
ball

ol 0l

Ibofl
[

oo

Z M| o] B-sitosterol 16 M-S A alst A)7F

B2 DNA fragmentation #2412 A|%=3le]
ELISAH o & AR Asle] #ast A3}, %

ol Hlgle] Algte] Ad=E 54431 DNA
o] RAdA}o] Z7 E BT Bsitosterobl] 23
AR Gab= AxAEAL] ogk A9g g
Qlek 4= At (Fig. 4).

AR AEF7] R4S F3ke] subGl7]9]
AQ-E RIS o Aot FAg {4
Ao W2 R ] fste] AET7IEE
AAQ) p27, p2l, cyclin E, CDK2, CDK4 =
Skp2 f-7 Aol diste] western blot analysis=
AT WA cell cycled] BASHE F-24F
BaL 9sle] B-sitosterols 16 pMe] =
Astar Al AlERNFE dmdS 5
% western blot analysisE 538o] Gl check-
pointel] #ASHE p27, p21¢] Wilo] F7HE S
SRl Fig 5). olHgk p27d F7k= cy-
clin E-CDK2 59} Ao zx CDKe
GgstE Aallete] subGlr1e] Ad-E et
of AfAoR AFTAEAE dod|= Ao
Ry s o] A m Bsitosterol 16 1Me] Fof A7k
o] F7VerE p27d} p21 9] WL FULs)
© ZoF Hol Agte] ulaElste] M EFAE
AAleles Ao A4HT B A7elA cyclin
ECDK2 E3He wd 74s #2388 4 3l
2101, proteasome pathway ol &|g= = Skp2
o] W AT p27 HRAR HEdow <l
3 wAlshE gh) Ay o s Azt ol Xt

old] B-sitosterolell ogh A EAHEALL] A=
£ We|aAl caspase-39] EAJTe] Ao
afo] obE A3}, Bsitosterol Ae] AJgto] ZF
7bek= pro-caspase 3 Wl kA A7)}
#EH 0w o]2g procaspase 3 T2
A AT caspase-39] AT} AHow
SRS Anst= Aot (Fig. 6). T3,
PARP whildel oF#Ql 7hA4v} sz o] &4
3}5 caspase-39] ¢]3le] DNA 3]&¢] Az

Hu

e 1

3l

R

/g AZAIAE fFEHASS ¢ F AT
(Fig. 6). w2br] Bsitosterol 9] *]2]+= caspase-
o] gHEE F7M7IM o] PARP il
AekS do7 Fatol caspase pathways
AR AFZAEAE dojue Zlow AzHt
T35k Rb 7449 €@lbgly} S7h=ar, E2F
o] Wgo] FagroZH Rb 84 %]
Al 7sol BAsE = A2 HolF3lthFig. 6).

HANA T8 AFTAEAL #E FA47F
A x =, caspaseES Y A ZAIAL
AAstL Je SAEL Hafsle] AlEA
AR A= 982 o FA7HA] g
7 caspase % caspase-37} vhoFgh Al EAFEAL
A= ste] 50w g @ 4 lo
), &AslE caspase-3= Al oE] EHe
714 gl Ak ™. Caspase o] olake] A
gHo7 Aures gkt & 1A F
PARP thilde DNA 3Eugd #75 =
al o] A8t &4 F9 shusld o] &
A3le caspase-3¢] 2|3le] DNA Ag F-9=
HH Adsn] o]zjgh PARPY Eo] Q] o
d aie] Avke Axabdare] AJslshA Q)
Aoz AT,
whtAl, Az EA e Uik Bsitosterol o]
A 2] caspase39] LS FTIAIIH ol
PARP il o] Aeks- ol 0 7 Faiol:= caspase
pathway & A AZAEAPE dofuh= Zlo
2 A7k

ol#]gt Al B-sitosterolo] A|FEFE7]9} A
EApEAb BeE fFAAEY] W] diE
o RA e AL Asd oA &
ARl A5 oFEo] H Ao AbmHt.

w
rigt

T 1

Jm He

V. i

B-sitosterol o] £
ATARA ) w7 G ool
B-sitosterol S 16 MY

188



The Journal of Oriental Obstetrics & Gynecology Vol.18 No.1 February 2005

3

R

o
2 AR B4 AR A5t

1. B-sitosterol 16 pM= A @st 7247 &
40%2] A4l &2 Bglon Agto]
Adp= 224 gl Z£71e 90

2. B-sitosterol 16 pM= gt 7247 &
A7) TS ARG A 16.97%9]
subGl 7]9] Ado] #&AE o A A
iro] A= F7hE At

3. B-sitosterol Ag] # Al EF7]HE X
PAE Awd A3t g, 2l 40A
e AR nlElEte] Frbetlon oy -
clin E-CDK2 -4 ¢} Skp2 ©] ukale 7)
At

4. B-sitosterol A& § AZAHALS] EAQI
DNA fragmentation 2] %4 =717} A7k
o] A4 US A4S B

5. B-sitosterol ] § pro-caspase 3
PARPS] &2 Algle] ulete] 743}
AL, Rb 3749 914ksl Z71ket E2F]
W2 Ak nlElete] Akt

-

olxte]l Az Hol B-sitosterole] ]
ofafix] AbgEA Y] FA A Fart do
vhe olefgh > Al EAE AL oGk Alo]n
7178 p27, p219] W S7hR Qg Al
F71 3| 2oA] subGl7]e] A FHAG A E
AdAE doluvbe= A3t PARP % pro-
caspase 39 W&o] A= Aow Hol
caspase ARE A MIRZALAE FEdc
B} e AoR AlsdEY.

O % 1 <4 :20051 01¢ 264
O 4 A & :2005d 012 28d
O AAbesd : 2003 2¢ 032

S5k

10.

x33 9. AgAEA FEIAA fF-
of wE A= wal. tiehigA.
2001; 44:2283-8.

Culter WB, Genovese SE. Wellness in
women after 40 years of age; the role
of sex homones and pheromones. Dis
Mon.  1998;44(9):421-546.

Rein MS et al. Fibroid and myometrial
steroid receptors in women treated wit
h gonadotropin releasing hormone agon
ist leuprolide acetate. Fertil Steri. 1990,5
3:1018-23.

Lumsden MA, West CP, Baird DT. Gos
erelin therapy before surgery for uterin
e fibroids. Lancet. 1987;1:36-7.

Ross RK et al. Risk factors for uterine
fibroids: Reduced risk associated with o
ral contraceptives. Br Med |. 1986,293:35
9-62.

Mosselman S, Polman ], Dijkema R. ER
B: identification and characterization of
a novel human estrogen receptor. FEBS
Lett. 1996;392:49-53.

ANA, AR, o8 s EE
FasEE deAn AAAE Ae2E
W sded g4 8 o Addme
Fl B A7 et E AL 19
97;12:364-75.

g 9. A A AL
A4 2H(IGF)-la, IGF-Ib, IGF-II &l
B Wk tighas] Al 1999,42:
777-83.

AR 2. 17 Bestadiolo] wijok® <zt
Agosads AAgeEdan o
£AAL RS 1 AR AE
o mRNA W@ 2 Q% ARl
So) puld) nAE 9. R,
1998;41:1575-85.

Kim JG et al. Decreased expression of
mac25 mRNA in uterine leiomyomata c
ompared with adjacent myometrium. A

:L&th,ﬂ

T oA

189



EME| Beta-sitosterol 8201 N2 2BHME SAAN MEXZ A &

in

ol OIx

rr

of
[=)

oo

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23

m | Reprod Immunol. 2000;43:53-7.
WY, AT AR 3 A
sERAA A ERA FEA Ut
ek 2 lEd A AAgIA A
A 2 =1 AR neite] ek
. gk 8) A]. 2002;45: 391-7.

=g 9. el oM Age] A%
Mol tigh 7124 AR oAty
3]#]. 1985;29:973-85.

of2A 9. TAAANTHEES AW
olide] dhe] 2. thehakig)Al 20014411
761-8.

718, sl R A
Axze] Aol MAP kinase 2ol
A G dR RIS AL 200
1:14(2);85-101.

o)RlE 9. R Al AgTSAE
o 24 oAl vlAE 9. R
A3}3t35] #] . 2002;15(2):12-24.

Aadd, Msl Jg T EREEe] A
ME9 =21l MAP Kinase &4 2 Cel
I Apoptosisd] w|z]= A dighghi
13}3t35] 7] . 2002:15(4);1-16.

oldd, Mea AIEEHEEel AT
Axe] 34 oAt MAP Kinase 23
9 Cell Apoptosisell ©]z]= Agk. digh
ghitolwelg] 1] . 2003:16(2),1-17.

AEA 9. BT A2 4
AelAl9} MAP Kinase 24 2 Cell Ap
optosis ol DXz G TgEgHY-QlaS)
3)A]. 2003:16(2);18-33.

. WHEEERRIE . A2 gt 19
90:271-1.

Azgeld) washus 4. KHE A
LT, 1991:445-6.
LRy, R A R
it 1999:670.

Wang W et al. Comparison of Spatholo
bus suberectus Dunn, Euonymus alatus
(Thunb) Sieb and Eupolyphaga sinensis
Walker on regulation of plasma lipid.
Zhongguo Zhonguo Yao Za Zhi. 19116:2
99-301.

Lam T et al. A comparison of human i
mmunodeficiency virus type-1 protease

A&

24,

25

26.

27.

28.

29.

30.

31

32.

33.

4.

inhibition activities by the aqueous and
methanol extracts of Chinese medicinal
herbs. Life Sci. 2000;67:2889-9.

ojE. A & FYE. A
Stal oshel. 1999.

s AT FEE] AH] 28 2
HAAgdl vA= . et o
skl . 2000.

olgdd 9. AT EtOAc subfraction-2
7 gl A ae) B AT Fel
A ers] 4] . 2003;17(2):525-8.

a7, QRIA, Ae 3. Frkzel= Bl
25 B TRIERRHE o Uik SBimEE el &
e, oy skalAl 2003170):
780-6.

olg4. Aol AssAE 5
A ATARL BA FAAe w3
M= & direeld) thehel. 2004,
Awad AB, Williams H, Fink CS. Effect
of phytosterol on cholesterol metabolis
m and MAP kinase in MDA-MB-231 h
uman braest cancer cells. | of Nutr Bioc
hem . 2003:14;111-9.

Buttram VC Jr, Reiter RC. Uterine leio
myomata: etiology, symptomatology, an
d management. Fertil Steril. 1981,36:433-
5.

Cramer SF, Patel A. The frequency of
uterine leiomyomas. Am ] Clin Pathol. 1
990;94:435-8.

Huang SC et al. Intratumoral blood fl
ow in uterine myoma correlated with a
lower tumor size and volume, but not
correlated with cell proliferation or angi
ogenesis. Obstet Gynecol. 1996 Jun;87(6):
1019-24.

Brandon DD et al. Estrogen receptor ge
ne expression in human uterine leiomy
omata. | Clin Endocrinol Metab. 199580
1876-81.

Vu K et al. Cellular proliferation, estro
gen receptor, progesterone receptor, and
bcl-2 expression in GnRH agonist-treate
d uterine leiomyomas. Hum Pathol. 199
8,29:359-63.

b
2 12

¢

190



The Journal of Oriental Obstetrics & Gynecology Vol.18 No.1 February 2005

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

S AR 9. BRI A2 AE s

Shozu M et al. Inhibition of in situ exp
ression of aromatase P450 in leiomyom
a of the uterus by leuprorelin acetate. |
Clin Endocrinol Metab. 2001;86:5405-11.
Murphy AA et al. Regression of uterine
leiomyomata to the antiprogesterone R
U486 : dose- response effect. Fertil Steri
1. 1995 Jul;64(1):187-90.

Lee BS, Margolin SB, Nowak RA. Pirfe
nidone: A novel pharmacological agent
that inhibits leiomyoma cell proliferatio
n and collagen production. | Clinic End
ocrinol Metab. 1998;83:219-223.

Nowak RA. Novel therapeutic strategies
for leiomyomas: targeting growth factor
s and their receptors. Enwviron Health Per
spect. 2000;108(5):849-53.

Lee BS, Nowak RA. Human leiomyoma
smooth muscle cells show increased ex
pression of transforming growth factor-
beta 3 (TGF-beta 3) and altered respons
es to the antiproliferative effects of TGF
beta. | Clin Endocrinol Metab. 2001,86:913
-20.

BHE 9 BEEE A H I ERE
% WIS 3] 4. 1992:4(1):2-8.
RINIE. wMmARHE . Atk
it . 1978:249-257.

SRR, SRR, MIRFL BUE o B
of e SUERY B it 3]
el A =84 . 1998,6(2):417-35.
Ze. BxAEGR. B sagdE
AL, 1998:230-3.

o2

. 1997:287-90.

H44. AT Zhiieol= AR A
Lok gkl . 2003,

Cui Y], Liu P, Chen RY. Studies on the
chemical constituents of Spatholobus su
berectus Dunn.  Yao xue xue bao. 2002;37
(10):784-7.

Rao AV, Janezic SA. The role of dietar
y phytosterols in colon carcinogenesis.
Nutr Cancer. 1992,18:43-52.

Weihrauch, J. & Gardner, J. Sterol conte

49.

50.

51.

52.

nt of foods of plant of origin. ]. Am. D
iet Assoc. 1978;73:39-44,

Von Holtz RL et al. [beta]-Sitosterol act
ivates the sphingomyelin cycle and ind
uces apoptosis in LNCaP human prosta
te cancer cells. Nutr Cancer. 1998;32:8-1
2

Awad AB et al. Dietary phytosterols in
hibit the growth and metastasis of MD
A-MB-231 human breast cancer cells gr
own in SCID mice. Anticancer Res. 2001;
20:821-4.

A8t oFEA| A AL caspases
Botol. - A 2. 1998:106-28.

AATF 9. #EARe] 74821 Epigallocate
chin gallate®] 23} Apoptosis 7]
Aol B BAAERA A7 FAe
1 2]3}3) ] . 2001;15(4):611-20.

191



