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ABSTRACT

Effects of Gleditsiae Spina(GS) on Gene Expression
of Human Breast Cancer Cells

Hye-Ran Ban, Seong—-Hee Cho, Kyung-Mi Park, Seung-Jeong Yang
Dept. of Gynecology, College of Oriental Medicine, Dongshin University

Purpose: Gleditsiae spina (GS) has been used to treat patients with several
diseases such as carbuncle, swelling and parasites. Recently GS is known to have
anticancer activity in abdominal solid tumor, but the effects of GS on breast
cancers 1s not clarified. For these reasons, we investigated effects of Gleditsiae
spina (GS) on gene expression of human breast cancer cells.

Methods: We investigated the effects of (S on proliferation of breast cancer
cell line, MDA-MB-231. In addition, the genetic profile for the effect of GS on
breast cancer cells was measured using microarray technique, and the functional
analysis on these genes was conducted.

Results: Total 1,434 genes were up-regulated and 2,483 genes down-regulated
in the cells treated with GS. Genes induced or suppressed by GS were all mainly
concerned with metabolic process, regulation of biological process and protein
binding. The network of total protein interactions was measured using cytoscape
program, and some key molecules that can be used for elucidation of
therapeutical mechanism of medicine in future were identified.

Conclusion: These results suggest possibility of S as anti-cancer drug for
breast cancer, and also suggest that related mechanisms are involved in
regulation of intra-cellular metabolism in breast cancer cells.

Key words: breast cancer, Gleditsiae spina, gene expression, anticancer drug,
intra—cellular metabolism

Al

(il

MRS | BEEAA LT YAS 377128 SAfsmRFsYEel Soln)
r

st 062-350-7213 O|H|&l : banhr@naver.com

94



The Journal of Oriental Obstetrics & Gynecology Vol.22 No.2 May 2009

CEELE RIS eI
¥, A AAE, WA

EF A
W FYE ovlste Aot 1 F 4L
e Z71= TR, AFE, AReh L ¥

Zlole WS Mk 32 F40
Uetd=d], ol W FH, A3

e, B R aHlE 58
o fAES &
e STAME I FHate
FIGF-o] 7S TSk, Ayl A
HuELl FHUWF(Gleditsia japonica
var. koraiensis)® 7 E X3 Ao =
R, AERESHH VNE, FLAE, PRI, E%

Of
tlo

o
-

B 6 or
oL
(o]

o
d

rr

(L

rr
4L

gnfolg 2~ ZglV xddzrgl? myo)
% sl FEAY Fol ma

ol B AAE F¥d Amol YoiA
Skl %% BAAESE Sde
A7) Askel, Az frel fEL A
w3

¥ 39 MDA-MB-2319l &yl &%

S 5o & fFudAxe S48 9 S

2l Feo] B FFS #FstaL, Total

RNAE FEste] FHA #dd vx=

FEFS =AM A ol WS #F
AR

D Az

AT Fl Y MEF MDA-

o’d At mikste] AFA A H 7]
B v A TE3] He A F T
21E (Doubling Time)o] TN A
TS Azt Ao dAEA HAS W,
i8] ALstdvia st Aol
A& Ak

o}
B AFoA gfgf(Gleditsiae Spina;
GS)= FHel &3 FAUF(G. japonica
var. korainensis Nakai)®] 7FA& ZAZ
gt Aoz FAEw F& shili e
A FAgE AEs Bt ARESA T

3) Aok & 7171

Fetal bovine serum(Gibco LOT. NO.
1006842, FBS) ¥ mRNA #3& 9&
Trizol reagent(invitrogen, Cat# 15596—
02602 JESMR (B, &=)& 53

.

(e

95



A3FA 3L, RPMI 1640(Sigma, R4130),
penicillin  —streptomycin(100 units/m¢,
100ug/1), trypsin-EDTA (Sigma) %
71} A2k Sigma(St. Louis, MO, USA)
AFL T AESET 232 99

micro-plate reader(Bio-rad, CA), %3}

#Au] 7 (Olympus, Japan)5©] AFHEE A
o}

et Al EF<1 MDA-MB-2312] A
% Hix2E RPMI 1640(Sigma, R4130)
A S AMEE L, wiAlelE 10% fetal
bovine serum(Gibco LOT. NO. 1006842,
FBS) ¢} penicillin-streptomycin(100units/m¢,
100pg/ )= A7Fetih AlE2F9 A
Hj ke 2¢d tAC R A, F3
Aol g23s A trypsin-EDTA
(Sigma, USA)E AH&stdth ek Al
5% CO7} A== w7 &
ANA 37TCE A8k v F= At

2) &9 FH

ARE T AER = 98 2
#l 100gS 1,000mlell Fof &
A 24X 3F WA =, 719k

183l 308 5
Jet At &
WE niEES AR
PoE TEQTh oy
A3 TE 48A1719]

ST %
e

of\
=
e 4y

o

i)
H
~ 0
i
ol
ok
A

> e o

= A

2
oft
ol
£
g r

o
]

ol

tlo 1o
il
flo

AgE slstel A 9%
phosphate buffered saline)ol] THA]

=
Z 2,000 rpmel A 1587 4% 8t

o AANE AAsE, FEAL ATt
dojzl FFHLE ER N2 AE T
HF Ao & 0.22um =719 HH (Syringe
filter, Whatman)2 Z# €2 thAl s}
ATt olFA st Aoz HAL AF
A vrol -20Tel BTt AR

2 st AFESAT

I AE FHE 3

SXEAL A g =53 highly
water—soluble tetrazolium salt®l WST-82-
(2-methoxy-4-nitrophenyl)-3-(4-nitroph
enyl)-5-(2,4-disulfo-phenyl)-2H-tetrazol
ium, monosodium saltZ A}&3}e] Ao}
Qe AEES FFse P Ares
ATt

H#] 96-well plate(Nunc, Netherlands)
of FAstaA ste W} MEFE 49
5x1077h¢] Eo g B3, 37T, 5%
CO7t A== oA 24A1%tS Hj
Foted FFR P A E AsiAh
24A17ES] ko]l & & A7]s W
o7 Axd GSE AT % 1,000ug/ml,
500ug/ml, 250pg/mb, 125pg/ml, 62.5ug/ml
o A wjgHel Azt Fz gl <
Aete ATl Faska, 2443 <t
v Fsha Tt 24A12F &<te] wljcko] &
welld 10ul®] CCK-8(CCK-8
sol., Dojindo, Japan)&<%-g #7}sla 3
7T, 5% COx7} &ols= SANA 34
7+ FoF W8kt 3A17F &, micro—plate
reader(Bio-rad, CA)E ©]&3}o] 450nm
oA FREE SHSAT. BF o

%, 7

96



The Journal of Oriental Obstetrics & Gynecology Vol.22 No.2 May 2009

ol PlAle FFS SeHHoE AFst
71 93] 6-well(TPP, Switzerland)oll
2x10°70e) HAEZ EFsta 37C, 5%
CO7t &A= SHoA 24A%HS Hj
Fote] FF g kA E AT

O

ohoueFol Bk ¥, B3 Ar]FoR A
o] e 3 HM=E #EAYG
5 RNA £#& 9% & A 4
AP R

=
&

>,

o

Ml

flo

D)

n

off
°
=
O
ot ©
ol
32
ui
(RN
ox
fu
rr

=2
2
=
1 o
£ i o
&

BN
e
ofj
2
o

ot
o
38

SUooft mx A
TS )
o Ml
_ﬂ
il
e
ro, 1

6) RNA #3g

Microarray %412 $3F RNA 3 &
Florell 5'79] #iS wigsle] A5
ATk A71% e R oFE S Fosta
24Xkl At & A5 WA E 43
AAG the, A SFHS o83t 3¥
FAl SdTh FA Fgol Bt ¥, 44
9] dishell 2m¢2] Trizol reagent(invitrogen,
Cat# 15596-026)5 % 3L pipetS ©]-83}
o MEXE FYFA T o vzE 32
A7 & A E ] BT RNA
welo] AHgstath FAAELZERH total

= Zsde, olA<L Qiagenol
A AA o) uhel o] ol ).

v

Total RNAE ol7t2 22 oA A
71953 & 285/18S RNA9] Hl &S =
Aot A= #APlst] E4 AY - S
gt & A3S kAt Microarray
Ao QoA A TS F= oY
7FA factorg T 7HPE 8% Fo]
RNA©|™' o] RNA 4ej2 2215}
&l AgilentAe] Bioanalyzer 2100S A}
£3Fa] rRNA ratio(285/18S  ribosomal
RNA)E Aoz A4

8) DNA & o]&3 43

44K oligo—chipg ©]&3lo] 23S
Patgo”. & Fuloh EA5 wks
o]_Q_

o ¥

¢

ol
-

[e)
s

3DNA array detection system= ©]-8
o] 435} tH Genisphere, PA). 3% 3%
¥ cDNA AIZA] 20pg total RNAE A
&3ttt olg o] & Aol ¥ ScanArray
scanner (Perkin-Elmer, Boston, MA)Z
27835t th A2 RNAE dfdx~z A}
23l DNA 349 tiths cDNA spots
(85% o]l AEES gttt

9) HlolE &4

ol A7t A} IMAGENE 4.0 (Bio-
discovery, Marina del Rey, CA)S A&
gted 1z HelHE ¥ ¥ locally
weighted scatterplot smoothing method
(LOWESS)E AHg-ato] mFshataint?.

EE /e spotell M, 2+ Ade] ¥
A7t WA ¥ A=ERo 149 o
A5l sl AdE A" HAo=
st AL, AlgoA A=

A Fe A AL A

)

£ Clusterg o]&3le &3
A FY2HyYst & TREEVIEW(M.B.
Eisen, http://rabam.lbl.gov)?E o]43}
o] AlZ}3}st ATt

A2 71T EA-E FatiGo algorithms

97



230l n[xl= I

(http://.babelomics.bioinfo.cipf.es) S  ©]
g3t st FH=3F HaEH
< B3l dox A= false discovery
rate (FDR) #ke] 0.05 o]t wf <Jv]3]
= Ze=w dAdsqtt. @i Age
BOND o] o] B W] o] &~ (http://bond.
unleashedinformatics.com)olA] Aozl &
F  dwd  golHu|o]AE  cytoscape
program (WA 24)S o]&3te 43}
ATt

3. B4 A&

ME SAE A3 Ao g3 A3
E248 EA #7]4 <] Sigma plot (Sigma
plot for Windows, ver. 9.0, U.S.A.)E o]
&atRon, A3 AL Ha+xiFHA
(mean+S.D)E  YeEAL. A+
272 4 o]+ student’s t-testE

o]-&3td HAA3AY. DNAF S o] &3t
A Ba =7} 2 7gawE GAz}e
oA A5 Chi-square testE ©] &3}

o] p-value<0.05 & o F<9sict 4
s,

m A A

1. EARFZE(Gleditsiae Spina; GS)
o] Fet X9 FHE HX= IF
2R FE2E(GS)o] U ME9
21 & E]X]i FEs 3’&%}5}7] st

A 23 GS= Ha Fo =2 625
pg/ml oM T ¥ M Xl ZAES
FTA FAAAG = OE gx2To
2 AHE3 HF(CR, Cnidii Rhizoma)<]
2%, 500ug/mt ool M Fold F2

&9 A E i&iﬁ} xe FAES
100(%)Z 39S W, GS &= 62.5u8/m,
125u8/md, 250ug/ mé, 500ug/mé, 1,000ug/ml
Folo ofgt F2&-& ZH7t 73.80+2.29,
51.51+1.62, 29.07+2.62, 25.938+3.63, 26.80+4.99
%31, EDs (Effective dose 50)2 128.7
wg/mle] A (Fig. 1).

120 ¢

- o5
& 10 aT Q- O 5.

w ., e
280 - . * 0
o .. o
g B0 - ik \\.

: o

g 0 N

5 »- G3 . .
oo b —

0 1 1 L 1 L ]
0 62.5 125 250 500 1000
ugfml

Fig. 1. Effects of GS on proliferation of
tumor cells in vitro.
MDA-MB-231 Cells were attached 96-well
plate, and added GS as indicated concentrations
respectively. After 24 hours incubation,
proliferation rates were measured using altered
MTT methods. GS : Gleditsiae spina, CR
Cnidii Rhizoma. Values are expressed as
percentage of control. Results are presented
as mean*standard deviation.
x*p<0.05, **p<0.01, **+xp<0.005 vs. non—treated
Control. (n=6)
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Fig. 2. Effects of GS on morphology and proliferation density of tumor cells in vitro.
MDA-MB-231 Cells were attached 6-well plate, and added 125, 250, 500 and 1,000xg/ml of GS
respectively. After 24 hours incubation, morphology and proliferation density were observed using
microscope. (A) non-treated control group, (B) 125¢g/ml treated group, (C) 250ug/ml treated
group, (D) 500uxg/ml treated group (E) 1,000ug/ml treated group.
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@A o 2 Y th(Fig. 3). A total sequence set of 45,000 oligo—nucleotides
were printed onto glass microscope slides.
The probe preparation and hybridization
were performed using 3DNA array detection
system with 20uxg of total RNA from cells.
Untreated cells was used as reference RNA.
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Fig. 4. Signal distribution of microarray.
Vertical axis represents log Cy5 intensity
and horizontal axis represents log Cy3 intensity.
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Fig. 5. Normalization of microarray
(MA plot).

Primary data from raw image were normalized
using lowess method. Vertical axis represents
log ratio and horizontal axis represents log
intensity of all spots after normalization.
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Fig. 6. Functional annotation of up-regulated genes in cells treated with GS.

Total 1,434 genes were up-regulated in cells treated with S. The functional distribution of
these genes was analyzed in biological process category in ontology. The horizontal bar
represents the percentage of specific functional category in Biological Process. The list was
arrayed in decreasing percentage of functional category.
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Fig. 7. Functional annotation of up-regulated genes in cells treated with GS.

Total 1,434 genes were up-regulated in cells treated with GS. The functional distribution of
these genes was analyzed in molecular function category in ontology. The horizontal bar represents
the percentage of specific functional category in Molecular Function. The list was arrayed in
decreasing percentage of functional category.
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Cellular component. Lewel: 3
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Fig. 8. Functional annotation of up-regulated genes in cells treated with GS.

Total 1,434 genes were up-regulated in cells treated with GS. The functional distribution of
these genes was analyzed in cellular component category in ontology. The horizontal bar
represents the percentage of specific functional category in Cellular Component. The list was
arrayed in decreasing percentage of functional category.
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Fig. 9. Functional annotation of down-regulated genes in cells treated with GS.
Total 2,483 genes were down-regulated in cells treated with GS. The functional distribution of
these genes was analyzed in biological process category in ontology. The horizontal bar
represents the percentage of specific functional category in Biological Process. The list was
arrayed in decreasing percentage of functional category.
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Molecular function. Lewel: 3 | T T B S B I
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Fig. 10. Functional annotation of down-regulated genes in cells treated with GS.
Total 2,483 genes were down-regulated in cells treated with GS. The functional distribution of
these genes was analyzed in molecular function category in ontology. The horizontal bar
represents the percentage of specific functional category in Molecular Function. The list was
arrayed in decreasing percentage of functional category.
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Cellular component. Lewvel: 3
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Fig. 11. Functional annotation of down-regulated genes in cells treated with GS.
Total 2,483 genes were down-regulated in cells treated with GS. The functional distribution of
these genes was analyzed in cellular component category in ontology. The horizontal bar
represents the percentage of specific functional category in Cellular Component. The list was
arrayed in decreasing percentage of functional category.
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Fig. 12. Comparison of functional distribution in biological process.

Both up and down-regulated genes were analyzed in biological process category in ontology. The
horizontal bar represents the percentage of specific functional category in Biological Process. The
list was arrayed in decreasing percentage of functional category. Red and Green color represent
percentage of up-regulated and down-regulated genes, respectively, in each functional category.
*P<0.05 was considered significant.
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Fig. 13. Comparison of functional distribution in molecular function.

Both up and down-regulated genes were analyzed in molecular function category in ontology.
The horizontal bar represents the percentage of specific functional category in molecular
function. The list was arrayed in decreasing percentage of functional category. Red and Green
color represent percentage of up-regulated and down-regulated genes, respectively, in each
functional category. *P<0.05 was considered significant.
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Cellular component. Level: 3

organelle part

extracellular natrix part

non-nenbrane-bound organelle

synapse part

extracellular region part

cell part

nenbrane-bound organclle

vesicle

receptor conplex

neuronuscular junction
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Fig. 14. Comparison of functional distribution in cellular component.
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Both up and down-regulated genes were analyzed in cellular component category in ontology.
The horizontal bar represents the percentage of specific functional category in cellular
component. The list was arrayed in decreasing percentage of functional category. Red and Green
color represent percentage of up-regulated and down-regulated genes, respectively, in each
functional category. *P<0.05 was considered significant.
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Fig. 15. Protein interaction network in human system.

The network of total protein interactions was measured using cytoscape program. The database
was obtained in BOND database (http://bond.unleashedinformatics.com). Circles represent
proteins that involved in interactions with other proteins. Yellow circles represent the proteins
identified in this experiment to be up-regulated by treatment with GS. Lines mean the
protein—protein interactions. Yellow circles which have intensive network with other proteins
were marked as A, B, C, D(Fig. 16).

Fig. 16. Protein interaction network of genes up-regulated by treatment with GS.
Yellow circles marked in Fig. 15 were shown in more detailed view. Each circle have name of
the protein. CCND1, EGFR, PRKCE, and BRCA1 were placed on core positions with intensive
interactions with other proteins.
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Fig. 17. Protein interaction network in human system.

The network of total protein interactions was measured using cytoscape program. The
database was obtained in BOND database (http://bond.unleashedinformatics.com).

Circles represent proteins that involved in interactions with other proteins. Yellow circles
represent the proteins identified in this experiment to be down-regulated by treatment with GS.
Lines mean the protein—protein interactions. Yellow circles which have intensive network with
other proteins were marked as A, B, C, D(Fig. 18).

Fig. 18. Protein interaction network of genes down-regulated by treatment with GS.
Yellow circles marked in Fig. 17 were shown in more detailed view. Each circle have name of
the protein. ATM, FBL, SF1, and SMURF1 were placed on core positions with intensive
interactions with other proteins.
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