DOI:http://dx.doi.org/10.7314/APJCP.2012.13.4.1431
/XWHROLQ,QKLELWV3UROLIHUDWLRQ,QGXFHGE\,*)3DWKZD\'HSHQGHQWRI(5ƠLQ+XPDQ%UHDVW&DQFHU0&)&HOOV

RE6($5&+&20081,&$7,21
Luteolin Inhibits Proliferation Induced by IGF-1 Pathway
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Abstract
The growth of many breast tumors is stimulated by IGF-1, which activates signal transduction pathways
LQGXFLQJFHOOSUROLIHUDWLRQ(5ƠLVLPSRUWDQWLQWKLVSURFHVV7KHDLPRIWKHVWXG\ZDVWRLQYHVWLJDWHUHODWLRQVKLSV
in vitro DPRQJ  LQKLELWRU\ HIIHFWV RI OXWHROLQ RQ WKH JURZWK RI 0&) FHOOV ,*) SDWKZD\ DQG (5Ơ 2XU
results showed that luteolin could effectively block IGF-1-stimulated MCF-7 cell proliferation in a doseDQG WLPH GHSHQGHQW PDQQHU DQG EORFN FHOO F\FOH SURJUHVVLRQ DQG LQGXFH DSRSWRVLV HYLGHQFHG E\ WKH ÁRZ
cytometric detection of sub-G1DNA content. Luteolin markedly decreased IGF-1-dependent IGF-1R and Akt
SKRVSKRU\ODWLRQ ZLWKRXW DIIHFWLQJ (UN SKRVSKRU\ODWLRQ )XUWKHU H[SHULPHQWV SRLQWHG RXW WKDW (5Ơ ZDV
GLUHFWO\LQYROYHGLQ,*)LQGXFHGFHOOJURZWKLQKLELWRU\HIIHFWVRIOXWHROLQZKLFKVLJQLÀFDQWO\GHFUHDVHG(5Ơ
H[SUHVVLRQ.QRFNGRZQRI(5ƠLQ0&)FHOOVE\DQ(5ƠVSHFLÀFVL51$GHFUHDVHGWKH,*)LQGXFHGFHOO
JURZWKLQKLELWRU\HIIHFWVRIOXWHROLQ(5ƠLVWKXVDSRVVLEOHWDUJHWRIOXWHROLQ7KHVHÀQGLQJVLQGLFDWHWKDWWKH
inhibitory effect of luteolin on the growth of MCF-7 cells is via inhibiting IGF-1 mediated PI3K-Akt pathway
GHSHQGHQWRI(5ƠH[SUHVVLRQ
Keywords: %UHDVWFDQFHU,*)(5ƠOXWHROLQ0&)
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Introduction
Breast cancer is one of the most serious problems in
oncology and is also the second leading cause of cancerrelated death in women in the Western world, after lung
cancer (Jemal et al., 2011), with about 132,000 deaths
each year and a 5-year overall survival of approximately
79% (Berrino et al., 2007). The etiology of breast
cancer is not understood clearly. There is accumulating
evidence implicating IGF-1 system in development and/
or progression of breast cancer (Sachdev et al., 2007). The
insulin-like growth factor-1 (IGF-1) system (also called
IGF-1 axis), including IGFs (IGF-1and IGF-2), IGF-1R
(IGF-1receptor) and IGFBPs (IGF binding proteins), has
been shown to play an important role in regulating normal
and malignant cell growth (Sachdev et al., 2001).
Molecular targeting drugs are hotspot in cancer
therapy. Because there is clear risk to treat breast
cancer with chemotherapy, researchers worldwide
started to search for natural products that have better
anticancer activity and reduced side effect. Luteolin is
D UHSUHVHQWDWLYH RI QDWXUDO ÁDYRQRLGV H[LVWLQJ LQ PDQ\
natural herbs, vegetables and fruits. Recent studies have
VKRZQWKDWOXWHROLQHOLFLWVVLJQLÀFDQWLQKLELWRU\DFWLYLW\
against breast cancer (Ren et al., 2003; Du et al., 2008).

This effect is mainly exerted through blocking signal
transduction in cancer cells (Lin et al., 2008; Dong et al.,
 +RX HW DO   7KH ,*),*)5 GRZQVWUHDP
signaling pathways have been recently shown also to be
involved in the metastatic cascade in breast cancer cells
(Zhu et al., 2011). During tumorigenesis, IGF-1 mediated
mitogen-activated protein kinase (MAPK) pathway
and phosphatidylinositol 3-kinase (PI3K) pathway are
important (Sachdev et al., 2001). For example, Fang et
al. (2007) demonstrated that luteolin inhibited prostate
cancer through inhibiting IGF-1 mediated MAPK and
PI3K pathways. Xia et al. (2007) demonstrated that
curcumin exhibited a potent ability to reverse the IGF-1induced cell growth and apoptosis resistance involving
IGF-1 mediated MAPK and PI3K pathway. In addition,
it was previously believed that IGF-1 mediated signal
transduction pathway is linear, as do most growth factor
UHFHSWRU VLJQDO WUDQVGXFWLRQ FDVFDGHV +RZHYHU UHFHQW
studies revealed that IGF-1 pathway is also regulated by
hormones and intracellular proteins. For example, estrogen
positively regulates IGF-1R by promoting IGF-1R and
IRS-1 expression, resulting in the downstream activation
RI ,*) SDWKZD\ .DKOHUW HW DO   &DVWRULD HW
al. (2001) reported that estrogen stimulates IGF-1R
expression, which activates PI3K-Akt pathway, leading
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to increased mastocarcinoma mitosis. The biological
effect of estrogen is primarily mediated through estrogen
UHFHSWRUƠ (5Ơ ,*)5FDQWUDQVORFDWHWRWKHQXFOHXV
and auto-regulate the activity of IGF/IGF-1R pathway in
breast cancer cells depending on the estrogen receptor
status (Sarfstein et al., 2012). Estrogen binds with estrogen
UHFHSWRUƠ (5Ơ ZKLFKLQWXUQUHJXODWHVWKHWUDQVFULSWLRQ
of multiple estrogen responsive genes (for example IGF1R), leading to the change of related protein levels in
,*) SDWKZD\ 7KHUHIRUH (5Ơ LV LPSRUWDQW LQ ,*)
VLJQDO WUDQVGXFWLRQ SDWKZD\ +RZHYHU WKH UHODWLRQVKLS
between the inhibitory effect of luteolin on the growth
RI0&)FHOOVDQG,*)SDWKZD\RU(5ƠKDVQRWEHHQ
systematically studied. To elucidate the target of the
LQKLELWRU\HIIHFWRIOXWHROLQRQWKHJURZWKRI0&)FHOOV
our current study investigated relationships among IGF-1
SDWKZD\(5ƠDQGWKHLQKLELWRU\HIIHFWRIOXWHROLQRQWKH
JURZWKRI0&)FHOOV

Materials and Methods
5HDJHQWVDQGFKHPLFDOV
 0&)FHOOVZHUHSURYLGHGE\FHOOFHQWHURI,QVWLWXWH
RI%DVLF0HGLFDO6FLHQFH &$06 1HZERUQFDOIVHUXP
DQG530,ZHUHSXUFKDVHGIURP*,%&27U\SVLQ
Methyl thiazolyl tetrazolium (MTT) and propidium
LRGLGH 3, ZHUHIURP$PHUHVFR+XPDQ,*)ZDVIURP
Peprotech. Antibodies against p-IGF1R, IGF1R, p-Akt,
$NWS(UN(UN(5ƠDQGơDFWLQZHUHSXUFKDVHG
IURP6DQWD&UX]%LRWHFKQRORJ\+RUVHUDGLVKSHUR[LGDVH
conjugated goat anti-rabbit IgG and goat anti-mouse IgG
ZHUHIURP%HLMLQJ=KRQJVKDQ-LQTLDR&R(&/ZDVIURP
$PHUVKDP%LRVFLHQFHV,&,ZDVSXUFKDVHGIURP
Sigma. L ipofectamineTM 2000 was from Invitrogen.
237,0(0, ZDV IURP *,%&2 ([SUHVVLRQ YHFWRU
SVL51$(5Ơ ZDV FRQVWUXFWHG E\ 'DOLDQ %DRVKHQJZX
&R
&HOO FXOWXUH
 0&) ZDV FXOWXUHG LQ 530, VXSSOHPHQWHG
ZLWKQHZERUQFDOIVHUXPSHQLFLOOLQ 8PO DQG
VWUHSWRP\FLQ ƫJPO DW&LQ&22 incubator.
During test, cells in log phase were used.
077FHOOYLDELOLW\DVVD\
 0&) FHOOV DW ORJ SKDVH ZHUH VHHGHG LQ ZHOO
plate at 4×103 cells/well, cultured for 24 h, then switched
to serum-free medium for 24 h. After that, cells were
treated respectively with luteolin (0, 10, 20, 40 µmol/L),
,*) ƫJ/ DQGPRO/RI
DQWLHVWURJHQ ,&, LQ VHUXPIUHH PHGLXP &HOOV
ZHUHFXOWXUHGIRUDQGK7KHQ077 ƫODW
5 mg/ml) was added to each well and culture continued
IRU  K DW  & 0HGLXP ZDV WKHQ UHSODFHG ZLWK 
ORI'062$EVRUSWLRQZDVPHDVXUHGDWQPZLWK
reference wavelength at 570 nm. The assay was repeated
3 times (n=3) unless noted otherwise.
&HOOF\FOHDQGDSRSWRVLVDQDO\VLV
 0&)FHOOVDWORJSKDVHZHUHVHHGHGLQZHOOSODWH
at 2×105 cells/well using complete medium overnight
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for attachment, then switched to serum-free medium for
24 h. After that, cells were treated respectively with of
PRO/RIOXWHROLQDQGƫJ/RI,*)LQVHUXP
free medium for 24 h. Adherent cells were released by
trypsinization, combined with nonadherent cells, and
UHFRYHUHGE\FHQWULIXJDWLRQDWJIRUPLQDW&
DQGZDVKHGZLWK3%67KHQFHOOVZHUHÀ[HGZLWK
HWKDQRORYHUK)LQDOO\FHOOVZHUHWUHDWHGZLWKƫJ
PORI51DVH$DQGƫJPORISURSLGLXPLRGLGHIRU
PLQ6WDLQHGFHOOVZHUHPRQLWRUHGE\ÁRZF\WRPHWU\
:HVWHUQEORWDQDO\VLV
When cells became attached in 6-well plate, medium
was replaced with serum-free medium and the cells
were cultured for 24 h. After treatment with luteolin for
5 h, cells were treated with inhibitors (LY-294002 for
3,. 3' IRU 0(. RU ,&, IRU (5Ơ  IRU
1 h. Finally, cells were treated with IGF-1 for 30 min.
After luteolin treatment growth medium was removed
and cells were washed with ice-cold PBS and lysed in
D PRGLÀHG 5,3$ EXIIHU LQ P0 7ULV²&O 1D&O
('7$ (*7$ SKHQ\OPHWK\OVXOIRQ\O ÁXRULGH 
1D)1D92DQGYY13ZYVRGLXP
deoxycholate, 10 µg/mL each of aprotinin, leupeptin,
DQGSHSVWDWLQ$S+DGMXVWHGWR IRUPLQDW&
$IWHUFHQWULIXJDWLRQDWJIRUPLQDW&WKH
supernatant was collected and regarded as whole cell
H[WUDFW 6DPSOHV FRQWDLQLQJ ² J RI SURWHLQ ZHUH
VHSDUDWHG E\ 6'6²SRO\DFU\ODPLGH JHO HOHFWURSKRUHVLV
and then transferred onto nitrocellulose membranes
(0.45µm, Bio-Rad). Blots were incubated overnight at 4
&ZLWK D DQWLS,*)5DQWLERG\   6DQWD&UX]
%LRWHFKQRORJ\  E DQWL,*)5DQWLERG\   6DQWD
&UX] %LRWHFKQRORJ\  F  DQWLS$NW DQWLERG\  
6DQWD&UX]%LRWHFKQRORJ\  G DQWL$NWDQWLERG\  
6DQWD&UX]%LRWHFKQRORJ\  H DQWLS(5.DQWLERG\
  6DQWD &UX] %LRWHFKQRORJ\  I  DQWL(5.
DQWLERG\   6DQWD&UX]%LRWHFKQRORJ\  J DQWL
(5Ơ DQWLERG\   6DQWD &UX] %LRWHFKQRORJ\ 
DQG K  DQWLơDFWLQ DQWLERG\   6DQWD &UX]
%LRWHFKQRORJ\  WKHQ LQFXEDWHG DW & LQ VKDNHU ZLWK
+53FRQMXJDWHGVHFRQGDU\DQWLERG\IRUK8SRQFRORU
GHYHORSPHQW ZLWK (&/ ;UD\ ÀOP ZDV XVHG WR GHWHFW
OLJKW7KHÀOPZDVGHYHORSHGDWURRPWHPSHUDWXUHÀ[HG
and scanned with scanner. Transillumination light density
was measured with gel image system.
VL51$WUDQVIHFWLRQ
Transfection was conducted using Lipofectamine
TM2000 according to the manufacturer’s recommendation.
 K EHIRUH WUDQVIHFWLRQ ORJ SKDVH 0&) FHOOV ZHUH
seeded in 6-well plate. Transfection was done at 90%
FRQÁXHQFH&HOOVZHUHDOORWWHGWRWKUHHJURXSV  EODQN
control (cells without any treatment); (2) negative control
WUDQVIHFWHG ZLWK QHJDWLYH SODVPLG SVL51$&RQ   
WUDVQIHFWLRQ ZLWK SVL51$(5Ơ$IWHU WUDQVIHFWLRQ DW
FHUWDLQWLPHFHOOVZHUHFXOWXUHGLQ&22 incubator at 37
&IRUKWKHQVZLWFKHGWRQRUPDO530,PHGLXP
FRQWDLQLQJ  VHUXP &XOWXUH FRQWLQXHG IRU D SHULRG
indicated, then harvested. Total protein was collected and
analyzed with Western blot.
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Figure 3. Effect of Luteolin on IGF-1-induced Cell
Cycle Progression and Apoptosis in MCF-7 Cells.

Figure 1. The Effect of IGF-1 on MCF-7 Cell
Proliferation in Vitro. &HOOV ZHUH SODWHG DQG FXOWXUHG
DV GHVFULEHG LQ 0DWHULDOV DQG PHWKRGV &HOO YLDELOLW\ ZDV
determined using the MTT assay. Each graph represents data
IURP WULSOLFDWH VHSDUDWH H[SHULPHQWV 9DOXHV ZHUH H[SUHVVHG
DV PHDQV 6' D VLJQLÀFDQW S DQG S  LQFUHDVH
FRPSDUHGZLWKƫJ/RI,*) ZDVLQGLFDWHGE\ DQG 
respectively

$ 





0&)FHOOVZHUHWUHDWHGZLWKOXWHROLQDQG,*)DVGHVFULEHGLQ
0DWHULDOVDQGPHWKRGV&HOOF\FOHGLVWULEXWLRQDQGFHOODSRSWRWLF
UDWHZHUHGHWHUPLQHGE\ÁRZF\WRPHWU\XVLQJ3,VWDLQLQJ$
4XDQWLÀFDWLRQRIFHOOF\FOHGLVWULEXWLRQIURPWKUHHLQGHSHQGHQW
H[SHULPHQWV % 6XE* SKDVH FHOO SRSXODWLRQV IURP WKUHH
LQGHSHQGHQWH[SHULPHQWZHUHTXDQWLÀHG7KHLQWHQVLW\RIWKH
different bands were determined by densitometry and plotted
DV PHDQV6'D VLJQLÀFDQW S DQG S  GLIIHUHQFH
FRPSDUHGZLWKFRQWURO ZDVLQGLFDWHGE\ DQG UHVSHFWLYHO\
$ VLJQLÀFDQW S DQG S  GHFUHDVH FRPSDUHG ZLWK
,*)  ZDV LQGLFDWHG E\  DQG  UHVSHFWLYHO\ D VLJQLÀFDQW
(p<0.01) difference (compared with IGF-1or Lu) was indicated
byU. Lu, Luteolin

%

)LJXUH(IIHFWRI/XWHROLQRQ,*)LQGXFHG%UHDVW
Cancer Cell Proliferation. 0&) FHOOV ZHUH SODWHG DQG

Figure 4. Effects of Luteolin on IGF-1 Induced IGF-1R
Phosphorylation. 0&)FHOOVZHUHWUHDWHGZLWKOXWHROLQDQG

cultured as described in Materials and methods. After serum
starvation, cells were cotreated with luteolin and IGF-1 in serumIUHH PHGLXP IRU  DQG  K &HOO YLDELOLW\ ZDV GHWHUPLQHG
XVLQJWKH077DVVD\$/XWHROLQDEURJDWHG,*)VWLPXODWHG
FHOOSUROLIHUDWLRQIRUKLQ0&)FHOOV%/XWHROLQDEURJDWHG
,*)VWLPXODWHGFHOOSUROLIHUDWLRQIRUKLQ0&)FHOOV(DFK
YDOXHVZHUHH[SUHVVHGDVPHDQV6'IURPWKUHHUHSOLFDWHVLQ
HDFKWUHDWPHQWJURXSDVLJQLÀFDQW SDQGS LQFUHDVH
(compared with serum-free control) was indicated by # and ##,
UHVSHFWLYHO\ D VLJQLÀFDQW S  GHFUHDVH FRPSDUHG ZLWK
,*) ZDVLQGLFDWHGE\ DWKDQGK/X/XWHROLQ

IGF-1 as described in Materials and methods. The amount of
proteins was assessed by immunoblotting. The intensity of the
different bands were determined by densitometry and plotted
DV PHDQV6'IURP WKUHH UHSOLFDWHV LQ HDFK WUHDWPHQW JURXS
D VLJQLÀFDQW S  LQFUHDVH LQ FRPSDUHG ZLWK VHUXPIUHH
FRQWURO ZDVLQGLFDWHGE\ DVLJQLÀFDQW SDQGS 
decrease in protein level (compared with IGF-1 ) was indicated
by # and ##, respectively. Lu, Luteolin

6WDWLVWLFDODQDO\VLV
 9DOXHVZHUHH[SUHVVHGDVPHDQ6'6366DQG
Excel XP were used for t-test. Differences with p<0.05
ZHUHFRQVLGHUHGWREHVWDWLVWLFDOO\VLJQLÀFDQW

Results
(IIHFWRI,*)RQ0&)FHOOSUROLIHUDWLRQ
At 24 h, cells survial rate in serum-free medium
DFKLHYHGRQO\   S RIWKDWIRXQGLQ
complete medium (containing 10% newborn calf serum).
When IGF-1 was added, cell survial rate was enhanced in
a dose-dependent manner. After stimulation with IGF-1 at
DQGƫJ/WKHFHOOVXUYLDOUDWHZDV  
  DQG   S  RI WKDW
observed in complete medium, respectively. When the
FHOOVZHUHQRWWUHDWHGZLWK,*)WKHUHZDVQRVLJQLÀFDQW
cell growth between the cultures for 24 h and 48 h.
When cells were treated with different concentrations of
IGF-1 for 48 h in serum-free medium, cell survial rate
ZDVVLJQLÀFDQWO\LQFUHDVHGFRPSDUHGZLWKK )LJXUH

1). We further observed that the increasing rate of cell
proliferation was slowed down when high concentrations
RI,*) ƫJ/DQGƫJ/ ZHUHDGGHG%DVHGRQ
WKHVHUHVXOWVZHVHOHFWHG,*)DWƫJ/LQVHUXPIUHH
conditions for the subsequent experiments.
(IIHFW RI OXWHROLQ RQ ,*)LQGXFHG EUHDVW FDQFHU FHOO
SUROLIHUDWLRQ
 &RQFXUUHQW WUHDWPHQW ZLWK OXWHROLQ   RU
 PRO/  DQG ,*)  ƫJ/  IRU  K UHGXFHG
,*)VWLPXODWHG FHOO SUROLIHUDWLRQ E\  
 DQG  UHVSFWLYHO\FRPSDUHG
with IGF-1 alone (Figure 2A). When treated for 48
h, compared with IGF-1 treatment, luteolin at (10, 20
or 40 µmol/L) treatment decreased cell viability by
    DQG  
(p<0.01) (Figure 2B). This data suggests luteolin could
inhibit IGF-1-induced cell proliferation effect in a doseand time- dependent manner.
(IIHFWRIOXWHROLQRQ,*)LQGXFHGFHOOF\FOHSURJUHVVLRQ
DQGDSRSWRVLV
Flow cytometric analysis showed that cell cycle
SURJUHVVLRQ RI 3,VWDLQHG 0&) FHOOV &HOOV ZHUH
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Figure 5. Effects of Luteolin on IGF-1 Induced Akt
and Erk1/2 Phosphorylation. 0&) FHOOV ZHUH WUHDWHG
with luteolin, IGF-1, LY294002 and PD98059 as described in
Materials and methods. The amount of proteins was assessed
by immunoblotting. Each value represents the mean of three
H[SHULPHQWVEDUV6'DVLJQLÀFDQW S LQFUHDVHLQS$NW
(compared with serum-free control)protein level was indicated
E\ DVLJQLÀFDQW S GHFUHDVHLQS$NW FRPSDUHGZLWK
,*) SURWHLQOHYHOZDVREVHUYHG DQGDVLJQLÀFDQW S 
decrease in p-Akt (compared with IGF-1+Lu) protein level was
indicated by #. Lu, Luteolin

cultured 24 h under the indicated conditions. 40 µmol/L
RI OXWHROLQ DQG  ƫJ/ RI ,*) FRPELQHG WUHDWPHQW
reduced the number of cells in the G0/G1 phase and caused
D VLJQLÀFDQW LQFUHDVH RI 6 SKDVH FHOOV FRPSDUHG ZLWK
IGF-1 alone (p<0.01) (Figure 3A). In addition, analysis
showed that cell apoptosis rate in serum-free control group
DQG,*)JURXSZDV  DQG  
UHVSHFWLYHO\ VXJJHVWLQJ LW ZDV VWDWLVWLFDOO\ VLJQLÀFDQW
S  DQG ,*) LQKLELWHG FHOO DSRSWRVLV +RZHYHU
luteolin and IGF-1 combined treatment increased cell
apoptotic rate by 11.28 fold, compared with IGF-1 alone
(p<0.01) (Figure 3B). This data suggests that luteolin
inhibited IGF-1-induced cell cycle progression and
resistance of breast cancer cells against apoptosis.
(IIHFWV RI OXWHROLQ RQ ,*) LQGXFHG ,*)5
SKRVSKRU\ODWLRQ
 &RPSDUHGZLWKVHUXPIUHHFRQWUROWKHJURXSRIWKH
cells treated with IGF-1 increased the amount of p-IGF1R by 27.38%, respectively (p<0.05), suggesting IGF-1
was able to induce IGF-1R phosphorylation. When cells
ZHUHFRWUHDWHGZLWKOXWHROLQ DQGƫPRO/ DQG
IGF-1 in serum-free medium, the amount of p-IGF-1R
was decreased by 48.83% (p<0.05) 77.57% and 86.20%
(p<0.01), compared with IGF-1 treatment (Figure 4). This
suggests that luteolin could inhibit IGF-1 induced IGF-1R
phosphorylation, which acted through IGF-1 mediated
signal transduction pathway to exerts its anti-breast cancer
effect.
(IIHFWVRIOXWHROLQRQ,*)PHGLDWHG0$3.(UNDQG
3,.$NWSDWKZD\V
Western blot analysis showed that the amount of p-Akt
in IGF-1 group was 1.15 fold that of serum-free control
(p<0.05). The amount of p-Erk1/2 was increased, though
LWZDVQRWVWDWLVWLFDOO\VLJQLÀFDQW S! 7UHDWPHQWZLWK
OXWHROLQDWƫPRO/GHDFUHDVHGWKHDPRXQWRIS$NWE\
88.93% (p<0.01) without an effect on p-Erk1/2 level (p
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)LJXUH5HODWLRQVKLS%HWZHHQ(5ƠDQGWKH,QKLELWRU\
(IIHFW RI /XWHROLQ RQ ,*) ,QGXFHG %UHDVW &DQFHU
Proliferation. &HOOV ZHUH WUHDWHG ZLWK OXWHROLQ ,*) DQG
,&,DVGHVFULEHGLQ0DWHULDOVDQGPHWKRGV&HOOYLDELOLW\
was determined using the MTT assay. Each value represents the
PHDQRIWKUHHH[SHULPHQWVEDUV6'DVLJQLÀFDQW SDQG
S GHFUHDVH FRPSDUHGZLWK,*) ZDVLQGLFDWHGE\ DQG
UHVSHFWLYHO\/X/XWHROLQ,&,,&,

)LJXUH(IIHFWRI/XWHROLQRQ(5Ơ([SUHVVLRQ0&)
Cells were Treated with Luteolin, IGF-1 and ICI182780
as Described in Materials and Methods. The amount of
protein was assessed by immunoblotting. The intensity of the
different bands were determined by densitometry and plotted
DVPHDQV6'IURPWKUHHUHSOLFDWHVLQHDFKWUHDWPHQWJURXSD
VLJQLÀFDQW S GHFUHDVHLQEDQGLQWHQVLW\ FRPSDUHGZLWK
,*) ZDVLQGLFDWHGE\ /X/XWHROLQ

! VXJJHVWLQJWKDWOXWHROLQLQKLELWHG,*)LQGXFHG
Akt phosphorylation. When PI3K inhibitor LY-294002
was added, the level of p-Akt was declined by 50.10%
when compared with treatment with luteolin and IGF-1
combined (p<0.05). Yet when MEK inhibitor PD-98059
ZDVDGGHGS$NWOHYHOGLGQRWFKDQJH S!  )LJXUH
5). This suggests that the inhibitory effect of luteolin on
IGF-1 induced breast cancer cell proliferation was mainly
mediated by PI3K-Akt signal transduction pathway, not
by MAPK/Erk1/2 pathway.
5HODWLRQVKLS EHWZHHQ (5Ơ DQG WKH LQKLELWRU\ HIIHFW RI
OXWHROLQRQ,*)LQGXFHGEUHDVWFDQFHUSUROLIHUDWLRQ
 %RWK OXWHROLQ DQG DQWLHVWURJHQ ,&, DUH DEOH
WRLQKLELW,*)LQGXFHG0&)SUROLIHUDWLRQLQDWLPH
dependent manner. When treated for 48 h, compared with
IGF-1 treatment, IGF-1 and luteolin treatment decreased
cell survival rate by 46.18% (p<0.01), IGF-1 and
,&,WUHDWPHQWGHFUHDVHGWKDWE\ S 
+RZHYHU ,*) OXWHROLQ DQG ,&, FRPELQHG
treatment decreased cell survival rate by 47.64% (p<0.01),
ZKLFK ZDV QRW VLJQLÀFDQWO\ GLIIHUHQW IURP WUHDWPHQW
ZLWKHLWKHU,*)DQGOXWHROLQRU,*)DQG,&,
WUHDWPHQW S!  )LJXUH   7KHVH GDWD VXJJHVW WKDW
the inhibitory effect of luteolin on IGF-1 induced breast
FDQFHUSUROLIHUDWLRQLVPDLQO\UHODWHGWR(5Ơ
(IIHFWRIOXWHROLQRQ(5ƠH[SUHVVLRQ
 &RQFXUUHQWWUHDWPHQWZLWKOXWHROLQDQG,*)IRUK
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Figure 8. Effect of Luteolin on IGF-1 Induced Akt
3KRVSKRU\ODWLRQZLWKDQG:LWKRXW(5Ơ.QRFNGRZQ
$ 0&) FHOOV ZHUH WUDQVIHFWHG ZLWK (5ƠVL51$ DQG
&RQVL51$ DVFRQWUROVL51$ DVGHVFULEHGLQWKH0DWHULDOV
and methods. The amount of proteins was assessed by
LPPXQREORWWLQJ % 0&) FHOOV WUDQVIHFWHG ZLWK (5Ơ
VL51$DQG&RQVL51$WUHDWHGZLWKPRO/RIOXWHROLQRU
ZLWKƫJ/RI,*)WRJHWKHUIRUWKHLQGLFDWHGWLPHSRLQWV
Protein extracts were analyzed with Western blot analysis.
The experiment was carried out in triplicate and results from
GHQVLWRPHWULFDQDO\VLVDUHSORWWHGDVPHDQV6'IURPWKUHH
UHSOLFDWHV IRU HDFK WUHDWPHQW JURXS D VLJQLÀFDQW S 
decrease in band intensity (compared with IGF-1) was indicated
E\  DQG D VLJQLÀFDQW S  LQFUHDVH LQ EDQG LQWHQVLW\
(compared with IGF-1+Lu) was indicated by #. Lu, Luteolin

UHGXFHG(5ƠH[SUHVVLRQE\ S FRPSDUHG
ZLWK ,*) DORQH +RZHYHU (5Ơ H[SUHVVLRQ GLG QRW
FKDQJHE\HLWKHURI,&,RU,&,DQGOXWHROLQ
FRPELQHG S!  )LJXUH 7KHVHREVHUYDWLRQVVXJJHVW
WKDWOXWHROLQGHFUHDVHG(5ƠH[SUHVVLRQOHYHOZKLFKKDG
DQHIIHFWRQ,*)LQGXFHG0&)FHOOVJURZWK
(IIHFWRIOXWHROLQRQ,*)LQGXFHG$NWSKRVSKRU\ODWLRQ
ZLWKDQGZLWKRXW(5ƠNQRFNGRZQ
 7RYHULI\ZKHWKHU(5ƠSOD\VDUROHLQ,*)LQGXFHG
cell growth inhibitory effect of luteolin, we tested the
HIIHFW RI OXWHROLQ LQ FHOO RI ZKLFK (5Ơ H[SUHVVLRQ ZDV
GRZQUHJXODWHGE\WUDQVLHQWWUDQVIHFWLRQRI(5ƠVSHFLÀF
VL51$)RUW\HLJKWKRXUVDIWHUVL51$WUDQVIHFWLRQ(5Ơ
knockdown was verified with Western blot analysis
(Figure 8A). Before transfection, treatment with luteolin
decreased p-Akt level by 73.07% (p<0.01), compared
with IGF-1 treatment. After transfection, treatment with
OXWHROLQKDGOLWWOHHIIHFWRQS$NWOHYHO S!  )LJXUH
%  2XU UHVXOWV VKRZHG WKDW YHULÀHG (5ƠNQRFNGRZQ
cells were more resistant to luteolin inhibition. These
suggest that that the inhibitory effect of luteolin on the
JURZWK RI 0&) FHOOV YLD LQKLELWLQJ ,*) PHGLDWHG
3,.$NWSDWKZD\LVGHSHQGHQWRQDWOHDVWLQSDUW(5Ơ
expression.

Discussion
7KHLGHQWLÀFDWLRQDQGIXUWKHUPRGXODWLRQRIPROHFXODU
targets with central role in breast carcinogenesis represent
a rational approach forprevention and treatment (Sogno et
DO9HUD5DPLUH]HWDO%DVHOJDHWDO 
Data published during the last decade has implicated
insulin-like growth factor (IGF) and its signaling
cascade in the development and progression of breast
cancer (Pollak 2008). Studies recently demonstrated that

overexpression of IGF-1 in cancer cells is associated
with tumor growth (Werner et al., 2000; Bustin et al.,
2002). The current experiment showed that when cells
ZHUHWUHDWHGZLWK,*)FHOOYLDELOLW\ZDVVLJQLÀFDQWO\
enhanced, compared with serum-free control group.
our results indicated that IGF-1 was actually one of the
LPSRUWDQWJURZWKIDFWRUVIRU0&)FHOOJURZWK7KHVH
results are consistent with previous reports (Kappel et al.,
1994; Resnicoff et al., 1995).
Recently, researchers worldwide started to search for
ÁDYRQRLGVWKDWKDYHEHWWHUDQWLFDQFHUDFWLYLW\H[LVWLQJLQ
many natural herbs. Recent studies revealed the inhibitory
effect of most flavonoids is mainly exerted through
blocking IGF-1system in cancer cells. Luteolin, the 3’, 4’,
7HWUDK\GUR[\ÁDYRQHLVDFRPPRQGLHWDU\ÁDYRQRLG
and has been found to have a wide spectrum of anti-tumor
activities. As expected, we documented that luteolin did
LQKLELW WKH VWLPXODWLRQ HIIHFW RI ,*) RQ 0&) FHOO
proliferation and inhibitory effect on apoptosis. These
inhibitory effects were associated with a S cell cycle
blockage and a sub-G1 apoptotic peak induction. This
data suggests that luteolin inhibited IGF-1-induced cell
cycle progression and resistance of breast cancer cells
DJDLQVW DSRSWRVLV 2XU GDWD DUH VXSSRUWHG E\ SUHYLRXV
studies that showed luteolin exerted its anticancer effects
via proliferation inhibition and apoptosis induction in
prostate cancer cells.
IGF-1 mediated signal transduction pathway is
critical in oncogenesis and tumor development (Surmacz
 &DUERQL HW DO   ,WV ELRORJLFDO HIIHFW LV
primarily mediated through MAPK/Erk1/2 and PI3KAkt pathways (Dong et al., 2007). The binding of
IGF-1 with the extracellular domain of IGF-1R causes
phosphorylation of IGF-1R and downstream substrate,
ultimately phosphorylate MAPK and Akt. Thus IGF-1
signal is transmitted to nucleus, initiating gene expression
to promote cell proliferation and to inhibit apoptosis.
IGF-IR was required for oncogenic transformation and
has an established role in breast cancer tumorigenesis
(Buck et al., 2010). Because of its critical importance,
the IGF-IR pathway has been intensively studied as
a cancer therapeutic target and multiple agents are in
clinical development (Yuen et al., 2008; Baserga 2009;
Gualberto et al., 2009; Buck et al., 2011). The current
experiment demonstrated that luteolin markedly decreased
IGF-1R and Akt phosphorylation without affecting Erk1/2
phosphorylation. The group treated with PI3K inhibitor
LY-294002 had lower p-Akt level, compared with the
group treated with luteolin. Yet, the group treated with
0(. LQKLELWRU 3' KDG QR VLJQLÀFDQW GLIIHUHQFH
in p-Akt level compared with the groups treated with
luteolin. This suggests that the inhibitory effect of
luteolin on IGF-1 induced breast cancer cell proliferation
was mainly mediated by PI3K-Akt signal transduction
pathway, not by MAPK/Erk1/2 pathway.
It was previously believed that IGF-1 mediated signal
transduction pathway is linear, as do most growth factor
UHFHSWRU VLJQDO WUDQVGXFWLRQ FDVFDGHV +RZHYHU UHFHQW
studies revealed that IGF-1 pathway is also regulated by
hormones and intracellular proteins. IGF-IR expression
level has been associated with ER positivity in both breast
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FDQFHUFHOOOLQHVDQGSDWLHQWV·WXPRUVSHFLPHQV6L51$
mediated knockdown of the ER reduced the expression
level of IGF-IR (Surmacz et al., 2004; Weroha et al., 2008;
=KDHWDO 6WXGLHVUHFHQWO\GHPRQVWUDWHGWKDW(5Ơ
could associates with IGF-1R leading to activation of
downstream PI3K-Akt and MAPK signaling cascades.
$OWKRXJK(5ƠGRHVQRWFRQWDLQDPHPEUDQHORFDOL]DWLRQ
sequence, it was found to co-immunoprecipitate with IGF1R in the membrane. Klotz et al. (2002) demonstrated that
NQRFNRXW RI (5Ơ GLPLQLVKHG ,*)VWLPXODWHG QRUPDO
PRXVHXWHULQHFHOOSUROLIHUDWLRQ2HVWHUUHLFKHWDO  
showed that a nanomolar level IGF-1 could not stimulate
(5 0&) EXW (5 0&) SUROLIHUDWLRQ +RZHYHU
ZKHQ(50&)LVUHVFXHGZLWK(5Ơ,*)VWLPXODWHG
proliferation effect was recovered. In our experiment,
When cells were treated for 48 h, cell survival rates were
WKHVDPHDIWHUWUHDWPHQWZLWKHLWKHUOXWHROLQRU,&,
RUOXWHROLQDQG,&,FRPELQHG$QG(5ƠH[SUHVVLRQ
ZDVDOVRGHFUHDVHG7KLVHYLGHQFHVXJJHVWVWKDW(5ƠLV
directly involved in luteolin inhibiting IGF-1 induced
0&) SUROLIHUDWLRQ$V WR WKH UHODWLRQVKLS EHWZHHQ
(5ƠH[SUHVVLRQDQG,*)LQGXFHG0&)SUROLIHUDWLRQ
we determined inhibition effects of luteolin on IGF-1
LQGXFHG$NWSKRVSKRU\ODWLRQEHIRUHDQGDIWHU(5ƠVL51$
treatment. The current experiment showed that blocking
RI (5Ơ H[SUHVVLRQ PDUNHGO\ LQKLELWHG ,*) LQGXFHG
p-Akt expression. Before transfection, compared with
IGF-1 control, treatment with luteolin markedly reduced
p-Akt level. After transfection, luteolin treatment had a
p-Akt level similar to the control group. In other words,
the inhibitory effect of luteolin on IGF-1 disappeared
XSRQWKHGHFUHDVHLQ(5ƠH[SUHVVLRQ7KHVHVXJJHVWWKDW
WKHLQKLELWRU\HIIHFWRIOXWHROLQRQWKHJURZWKRI0&)
cells via inhibiting IGF-1 mediated PI3K-Akt pathway
GHSHQGHQW RQ (5Ơ H[SUHVVLRQ (5Ơ LV SRVVLEO\ RQH RI
the targets of luteolin.
Although IGF-IR signaling activation has been
detected in both ER+and ER-breast cancers with
associated poor clinical outcome (Law et al., 2008),
multiple studies have demonstrated a functional
relationship and extensive cross-talk between IGF-IR and
(5SDWKZD\V )DJDQHWDO (5ƠLVWKHVLQJOHPRVW
powerful predictor of breast cancer prognosis as well as
an important contributor to the biology of carcinogenesis.
(5ƠPD\LQWHUDFWZLWK,*)VLJQDOLQJDWPXOWLSOHOHYHOV
and in multiple fashions, ultimately resulting in increased
VLJQDOLQJWKURXJK ,*)5 (5Ơ EHORQJV WR WKH QXFOHDU
receptor superfamily and is one of the transcription factors.
$ QXPEHU RI VWXGLHV GHPRQVWUDWHG WKDW (5Ơ FDQ GULYH
IGF-1-mediated biology via transcriptional up-regulation
of key IGF pathway genes [e.g. IGF-I receptor (IGF-1R),
insulin receptor substrate (IRS)] (Salerno et al., 1999).
0RUHRYHUORVVRI(5ƠH[SUHVVLRQDQGRUIXQFWLRQUHVXOWV
in decreased IGF-induced growth and survival (Zhang et
DO   2XU UHVXOWV VXJJHVW OXWHROLQ GHFUHDVHG (5Ơ
expression level, which had an effect on IGF-1-induced
0&)FHOOVJURZWK6WXGLHVUHFHQWO\GHPRQVWUDWHGWKDW
ÁDYRQRLGVFRXOGELQGWR'1$GXSOH[HVE\HOHFWURVSUD\
lonization mass spectrometry (Wang et al., 2008). Further
studies would be needed to elucidate whether luteolin
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H[HUWHGLWVHIIHFWVWKURXJKLQWHUDFWLQJZLWK(5ƠRUWKURXJK
LQKLELWLQJWUDQVFULSWLRQRI(5ƠJHQHXOWLPDWHO\UHVXOWLQJ
in decreased IGF-1 signaling pathway.
Taken together, data presented here demonstrate
that luteolin exhibited a potent ability to blunt IGFVWLPXODWHG 0&) FHOO JURZWK LQ D GRVH DQG WLPH
GHSHQGHQWPDQQHU(5ƠZDVGLUHFWO\LQYROYHGLQOXWHROLQ
LQKLELWLQJ ,*) LQGXFHG 0&) FHOO SUROLIHUDWLRQ
/XWHROLQ VLJQLÀFDQWO\ GHFUHDVHG (5Ơ H[SUHVVLRQ OHYHO
.QRFNGRZQRI(5ƠVSHFLÀFVL51$GHFUHDVHGWKHDQWL
SUROLIHUDWLRQ DFWLYLW\ RI OXWHROLQ LQ 0&) FHOOV7KHVH
ÀQGLQJVLQGLFDWHWKDWWKHLQKLELWRU\HIIHFWRIOXWHROLQRQ
WKHJURZWKRI0&)FHOOVYLDLQKLELWLQJ,*)PHGLDWHG
3,.$NWSDWKZD\GHSHQGHQWRQ(5ƠH[SUHVVLRQ(5Ơ
is possibly one of the targets of luteolin. Therefore, we
suggest luteolin as a novel drug that may be effective in
the treatment of breast cancer.
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