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Epidermal growth factor receptor (EGFR) is one of the most promis-
ing targets for cancer therapy. Here, we show the in vitro and
in vivo anticancer effects and associated mechanisms of KO-
202125, one of the synthesized aristolactam analogs, as a novel
EGFR inhibitor, in EGFR-overexpressing cancer cell lines. KO-202125
showed more effective growth inhibition and apoptosis induction
than gefitinib, a representative EGFR inhibitor, in various EGFR-
overexpressing human cancers including estrogen receptor (ER)-
negative MDA-MB-231 human breast cancer cells. Epidermal
growth factor receptor phosphorylation at Tyr1068 was reduced
and, consequently, the association of EGFR with p85 was decreased
by KO-202125 treatment in MDA-MB-231 cell lines. This led to inac-
tivation of the PI3K/Akt pathway, and consequently suppression of
activation of the Wnt pathway and enhancement of the nuclear
import of p27Kip1. KO-202125 treatment in nude mice injected with
MDA-MB-231 cells showed inhibition of tumor growth without tox-
icity. Collectively, our results showed the possibility of KO-202125
as an effective therapy agent of EGFR-overexpressing cancer cells
through reduced EGFR activity and downregulation of the Akt
pathway. (Cancer Sci 2011; 102: 597–604)

pidermal growth factor receptor (EGFR) is a member of the
ERBB family, which is one of the receptor tyrosine kinases

(RTK).(1) When the ligands such as epidermal growth factor
(EGF) and transforming growth factor (TGF)-a bind the EGFR,
the receptor forms homodimer or heterodimers with other ERBB
receptors and is phosphorylated at tyrosine residue in its intra-
cellular domain. This activates their many downstream signals
and regulates various biological processes including cell prolif-
eration, apoptosis, angiogenesis and differentiation. Dysregula-
tion of the EGFR signaling is also implicated in cancer
development, and gene amplification or overexpression of
EGFR is a marker of poor prognosis in many types of cancer
including breast cancer.(2–6) Therefore, many drugs that target
EGFR have been developed for cancer therapy. There are two
types of drugs that target EGFR: one is the humanized monoclo-
nal antibody, such as cetuximab, matuzumab and panitumumab,
which blocks the binding of the ligand with the extracellular
domain of the receptor and the other is the tyrosine kinase inhib-
itor (TKI), such as gefitinib and erlotinib, which competes with
ATP in the tyrosine-kinase domain of the receptor.(1) These
drugs have an anti-tumor effect in various EGFR-overexpressing
cancer cells and have been used in clinical trials. Gefitinib is a
representative TKI that is widely used in therapy of non-small-
cell lung cancers (NSCLC).(7,8)
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Breast cancer can be divided into two types in accordance with
estrogen-receptor (ER) status. One is ER-positive cancer and the
other is ER-negative cancer that shows ER-dependent and ER-
independent cell growth, respectively. Anti-estrogens such as
tamoxifen have been used in the chemotherapy of ER-positive
breast cancer.(9) Tamoxifen is variously used to inhibit prolifera-
tion and stimulate apoptosis of breast cancer cells by regulation
of estrogen-dependent gene expression. However, ER-negative
breast cancers show no response to estrogen-dependent cell
growth and are resistant to anti-estrogen therapy.(10) Alterna-
tively, ER-negative breast cancers frequently overexpress other
growth factor receptors such as EGFR. It has been reported that
EGFR overexpression is correlated with ER negativity.(11,12)

Moreover, EGFR is highly overexpressed in metastatic breast
cancers.(13,14) Epidermal growth factor receptor overexpression
in ER-negative breast cancer leads to acceleration of cell growth,
cell survival, invasion and metastasis.(15) Although some recep-
tor tyrosine kinase inhibitors including gefitinib and lapatinib
have been used in ER-negative breast cancer therapy, their effect
in breast cancer was not as powerful as it was in lung cancers.(16)

Therefore, discovery of a more effective EGFR inhibitor of ER-
negative human breast cancer is still required.

Several EGFR downstream signaling pathways play an
important role in many cancers. In particular, the phosphatidyl-
inositol 3-kinase (PI3K)-Akt pathway is the main signaling path-
way of EGFR downstream and a number of EGFR-mediated
biological processes are mediated by this pathway.(1) This path-
way regulates cell proliferation through regulation of its many
downstream effectors. Activation of the PI3K ⁄ Akt pathway
inhibits GSK-3b function and consequently leads to nuclear
translocation of b-catenin and enhancement of transcription of a
TCF ⁄ LEF-responsive gene, such as cyclin D1 and c-Myc.(17,18)

Moreover, the reduced Akt activity in breast cancer cells results
in increased nuclear p27Kip1, which may ultimately contribute to
attenuated cell cycle progression.(19) The PI3K ⁄ Akt pathway is
also involved in cell survival through inhibition of Bad and cas-
pase 9, several apoptotic factors, and activation of the NF-jB
pathway.(20,21) Treatment of EGFR inhibitors such as gefitinib
has been found to significantly reduce Akt activation and dysre-
gulation of this pathway can lead to resistance to EGFR-target
therapy.(16)

Saururus chinensis (Lour) Baill has many potent effects on
diet, atopy, antioxidation and anti-inflammation, apoptosis and
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anticancer activity.(22–26) However, Aristolactam, a component
of Saururus chinensis (Lour) Baill, has cytotoxic and highly
nephrotoxic activities and these restrict its effectiveness as a
drug.(27,28) We synthesized KO-202125, a derivative of sauristo-
lactam with its R1 side chain changed to another structure,
because sauristolactam was one of the aristolactam analogues
that showed the lowest toxicity, in vivo and in vitro. Recently,
we have shown that KO-202125 treatment induces apoptosis in
KB human oral squamous carcinoma cells.(29) In this study, we
show that KO-202125 is effective in EGFR-overexpressing
human breast cancer both in vitro and in vivo, and it opens the
possibility of KO-202125 as a novel EGFR inhibitor by inhibit-
ing EGFR activity and the Akt pathway downstream.

Materials and Methods

Chemicals and antibodies. KO-202125 was synthesized from
the Korea Research Institute of Chemical Technology (Daejeon,
Korea). The antibodies against Bcl-2, Bcl-xL, EGFR, erbB2,
erbB3, c-Myc, p27Kip1 and sp-1 were from Santa Cruz Biotech-
nologies (Santa Cruz, CA, USA); Bad, Bax, phospho-EGFR (at
Tyr1068), phospho-erbB3 (Tyr1289), Akt, phospho-Akt (at
Ser473), GSK-3b and phospho-GSK-3b (at Ser9) were from
Cell Signaling Technology (Beverly, CA, USA); phospho-erbB2
(Tyr1248) was from Upstate Biotechnology (Lake Placid, NY,
USA); poly ADP ribose polymerase (PARP) and phospho-
p27Kip1 (at Thr157) were from R&D Systems (Minneapolis,
MN, USA); and b-actin was from Chemicon International
(Temecula, CA, USA).

Cell culture and drug treatment. MDA-MB-231 and SK-BR-
3 human breast cancer cell lines and other EGFR-overexpressing
cancer cell lines were purchased from ATCC (Manassas, VA,
USA). The cell lines were maintained in phenol red-free Dul-
becco’s modified Eagle’s medium (DMEM; Welgene, Daegu,
Korea) supplemented with 10% fetal bovine serum (FBS; Wel-
gene) in an atmosphere of 5% CO2 at 37�C. For drug treatment,
KO-202125 was prepared in dimethyl sulfoxide (DMSO;
Sigma-Aldrich, St Louis, MO, USA) and cells were plated on a
100 mm dish (1 · 106 cells) in phenol red-free DMEM with 5%
FBS. The next day the cells were treated with KO-202125 at the
indicated concentration and times.

Cell proliferation assay. Cells were seeded on a 96-well plate
at 3 · 103 cells. The next day the cells were treated with KO-
202125 or gefitinib for 5 days. Cell viability was determined
using the CellTiter 96 non-radioactive cell proliferation assay
kit (Promega, Madison, WI, USA) as indicated by the manufac-
turer. The inhibitory concentration 50% (IC50) dose of each drug
was determined from the survival curve.

Analysis of DNA contents by flow cytometry. Cells were
trypsinized, pelleted by centrifugation, washed with PBS and
fixed in ice-cold ethanol (75%). The relative DNA content per
cell was obtained by measuring the fluorescence of DNA-bound
propidium iodide (PI) and analyzed by flow cytometry (FAC-
SCalibur and CellQuest software; BD Biosciences, San Jose,
CA, USA).

Measurement of apoptosis. DAPI staining was carried out as
previously described.(30) Annexin V staining was performed
using an ApoScreen Annexin V Apoptosis kit (Southern Biotech,
Birmingham, AL, USA) as described by the manufacturer and
the annexin V-positive cells were analyzed by flow cytometry.

Western blot analysis and co-immunoprecipitation. Cells were
lysed in RIPA buffer (50 mM Tris, pH 7.4, 150 mM NaCl,
1 mM EDTA, 1% NP-40, 0.25% sodium deoxycholate) contain-
ing phosphatase inhibitors (Phosphatase Inhibitor Cocktail I and
II; Sigma-Aldrich) and protease inhibitors (Complete, Mini,
EDTA-free; Roche Applied Science, Indianapolis, IN, USA).
Each cell lysate (25–100 lg) was separated by SDS-PAGE,
transferred to nitrocellulose membranes (Whatman, Dassel, Ger-
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many) and incubated with appropriate antibodies. Protein bands
were detected using an enhanced chemiluminescence Blotting
Analysis System from GE Healthcare (ECL, Chalfont St Giles,
UK). For co-immunoprecipitation, an EGFR antibody was
cross-linked with protein A agarose (bead) as previously
described,(31) and the cross-linked antibody was incubated with
each cell lysate overnight at 4�C. The next day the immunopre-
cipitant was washed with RIPA buffer and subjected to immuno-
blotting as described above.

RNA isolation and RT-PCR. Total RNA was isolated using Tri-
zol reagent (Invitrogen, Carlsbad, CA, USA) as described by the
manufacturer. The following primers were used for the PCR
reaction: c-myc, forward: 5¢-CAGCTGCTTAGACGCTGGAT-
TT-3¢ and reverse: 5¢-ACCGAGTCGTAGTCGAGGTCAT-3¢,
as previously described;(32) GAPDH, forward: 5¢-CGGAGTCA-
ACGGATTTGGTCGTAT-3¢ and reverse: 5¢-AGCCTTCTCC-
AT GGTTGGTGA AGAC-3¢.

Separation of particulate, cytosolic and nuclear fraction. Cyto-
solic and nuclear extracts were prepared using NE-PER Nuclear
and Cytoplasmic Extraction Reagents (Pierce, Rockford, IL,
USA) as described by the manufacturer. A total of 30–100 lg
cytoplasmic and nuclear proteins were subjected to western blot
analysis as indicated above.

Immunocytochemistry. Cells were seeded on a four-chamber
slide glass and treated with 4 lM KO-202125 or DMSO for
72 h. The cells were fixed with 4% paraformaldehyde, washed
with 0.2% Triton X-100 in phosphate-buffered saline (PBS) and
stained subsequently with appropriate primary- and phytoeryth-
rin (PE)-conjugated secondary antibodies. Then, 4,6¢-diamidino-
2-phenylindole (DAPI) staining was added to visualize the
nucleus. Immunofluorescence was detected by fluorescence
microscopy (Nikon, Tokyo, Japan).

Promoter assay. MDA-MB-231 cells were seeded onto 12-
well plates at 1 · 105 cells ⁄ well, and then transfected with
pTOP-FLASH, a TCF4 promoter, or pFOP-FLASH, a TOP
mutant form, and b-gal cDNA using FuGENE6 reagent (Roche
Diagnostics Corp., Indianapolis, IN, USA). After incubation for
24 h, the cells were treated with the indicated dose of KO-
202125 for 48 h. Luciferase activity was measured as previously
described.(31)

Xenograft in murine model. Six- to 7-week-old female
CAnN.Cg-Foxn1 nu ⁄ CrlCrlj nu mice (Charles River, Yoko-
hama, Japan) were cared for in accordance with the Hanyang
University Committee Guidelines for Experimental Animal
Welfare (Seoul, Korea). MDA-MB-231 cells (1 · 106

cells ⁄ 150 lL) were injected into the flank of the mice. When the
tumor width reached 2.5–5 mm, 20 animals were randomly
selected and placed in groups. After regrouping, the mice were
treated with the indicated doses of KO-202125 daily p.o. for
28 days, and the tumor size and bodyweight were monitored
three times per week. Tumors were measured along two diame-
ters with calipers to permit calculation of the tumor volume,
V = p ⁄ 6([[D + d] ⁄ 2]3), where D and d were the largest and
smallest diameters, respectively.(30,33)

Results

Attenuation of cell growth and induction of apoptosis by KO-
202125 in EGFR-overexpressing cancer cell lines. To determine
the anti-proliferative effect of KO-202125, it was chemically
synthesized (Fig. 1a), and the IC50 value of KO-202125 was
determined from the growth curve in various EGFR-overex-
pressing cancer cell lines, which have no EGFR mutation,
including lung, ovarian, skin, colorectal and breast cancers. As
shown in Table 1, KO-202125 showed a growth inhibition effect
in all tested cell lines. Moreover, when compared with gefitinib,
a representative EGFR inhibitor, KO-202125 was shown to be
more effective at a lower dose. In particular, in MDA-MB-231,
doi: 10.1111/j.1349-7006.2010.01817.x
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Fig. 1. The effect of KO-202125 on cell growth and apoposis in MDA-MB-231 and SK-BR-3 human breast cancer cells. (a) Chemical structures of
KO-202125 (top) and gefitinib (bottom). (b) Cells were treated with vehicle or the indicated dose of KO-202125 for 72 h and the sub-G1

population cells were measured by FACS analysis. (c,d) Cells were treated with vehicle or KO-202125 as above and the apoptotic body was
measured by DAPI staining and annexin V staining, respectively. LR, lower right quadrant; UL, upper left quadrant; UR, upper right quadrant. (e)
Cells prepared under the same conditions as above were subjected to western blot analysis with the indicated antibodies. All of the procedures
were performed in triplicate and statistically analyzed with the Student’s t-test. Data are presented as mean ± SD. *Statistically significant
difference of P < 0.05.
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Table 1. IC50 value in various EGFR-overexpressing cancer cell lines

Compound
IC50 (lM)

A549 SK-OV-3 HCT15 A431 MDA-MB-231 SK-BR-3

KO-202125 1.0 1.3 1.4 1.15 1.17 1.79

Gefitinib 7.5 1.8 5.9 1.46 13.36 0.93

A431, skin cancer; A549, lung cancer; EGFR, epidermal growth factor
receptor; HCT15, colorectal cancer; MDA-MB-231 and SK-BR-3, breast
cancer; SK-OV-3, ovarian cancer.

(a)

(b)

Fig. 2. Suppression of the epidermal growth factor receptor
(EGFR) ⁄ Akt signaling pathway by KO-202125 in MDA-MB-231 human
breast cancer cells. Cells were treated with vehicle or indicated doses
of KO-202125 for 72 h. (a) The effect of KO-202125 on the expression
of each protein was determined by western blot analysis. Cells were
immunoprecipitated with p85 antibody and the association of EGFR
with p85 was determined by western blot analysis. (b) The effect of
KO-202125 on the activity and expression of Akt was confirmed by
western blot analysis. Representatives of three independent
experiments with similar results are shown.
the IC50 of KO-202125 was 11-fold lower than gefitinib
(1.17 lM vs 13.36 lM). Next, we determined the apoptosis
effect of KO-202125 in MDA-MB-231 and SK-BR-3 human
breast cancer cell lines. As shown in Figure 1b, the subG1 popu-
lation was increased by KO-202125 treatment as measured by
DNA contents analysis. Moreover, apoptosis was induced in
KO-202125-treated cells as determined by DAPI staining and
annexin V analysis (Fig. 1c,d). To examine how KO-202125
induced apoptosis, changes in the apoptosis-related proteins by
KO-202125 was investigated. In MDA-MB-231 cells, KO-
202125 treatment decreased the expression of anti-apoptotic
Bcl-2 and Bcl-xL proteins and increased the expression of pro-
apoptotic protein Bax, and consequently increased PARP cleav-
age (Fig. 1e). In SK-BR-3 cells, PARP cleavage and Bax
expression were enhanced by KO-202125 treatment. Together,
these data suggest that KO-202125 effectively inhibits cell
growth and induces apoptosis in EGFR-overexpressing cancer
cell lines.

Downregulation of RTK signals by KO-202125. Because the
KO-202125 treatment was effective in the EGFR family overex-
pressing cancer cells as shown in Table 1, we investigated the
effect of KO-202125 on the expression and activity of EGFR in
MDA-MB-231 cell lines. After KO-202125 treatment for 72 h,
EGFR phosphorylation at Tyr1068 expression was significantly
decreased, but total EGFR expression was unchanged in a dose-
dependent manner (Fig. 2a). Moreover, short-term treatment of
KO-202125 could block EGF-mediated EGFR phosphorylaion
(data not shown). We also checked the expression and activity of
other EGFR family kinases, ErbB2 and ErbB3, but their expres-
sions were not detected in these cells (data not shown). In ErbB2
overexpressing SK-BR-3 cells, KO-202125 did not affect ErbB2
expression, but decreased EGFR and HER3 expression (data not
shown). Because the Tyr1068 site of EGFR can associate with
p85, a regulatory subunit of PI3K, and this association led to
activation of the PI3K ⁄ Akt pathway,34 we determined the associ-
ation of p85 with EGFR in KO-202125-treated MDA-MB-231
cells. As a result of the KO-202125 treatment, the binding of p85
with EGFR was decreased as measured by co-immunoprecipita-
tion. Consequently, Akt activity was reduced as evidenced by
reduced Akt phosphorylation at Ser473, but ERK activity was
unchanged by KO-202125 (Fig. 2b). However, treatment of
more than 8 lM KO-202125 also decreased the ERK phosphory-
lation in these cells (data not shown). Taken together, these
results proposed that KO-202125 could inhibit the phosphoryla-
tion of EGFR and the activation of the EGFR-mediated
PI3K ⁄ Akt pathway through inhibition of the binding of EGFR
with p85.

Downregulation of Akt-mediated canonical Wnt signaling
pathway by KO-202125. Next, we explored the changes in Akt
downstream signaling by KO-202125. As the Akt-mediated
canonical Wnt pathway has an important role in regulation of
cancer cell growth and survival, we checked the effect of KO-
202125 on the Akt-mediated Wnt pathway. Reduced phosphory-
lation of GSK-3b at Ser9 was identified by immunoblotting in
KO-202125-treated MDA-MB-231 cells (Fig. 3a). Conse-
quently, b-catenin expression was downregulated and both
mRNA and protein levels of c-Myc were decreased by KO-
600
202125. To confirm the effect of KO-202125 on this signaling,
whether the accumulation of nuclear b-catenin was inhibited by
KO-202125 was tested. As shown in Figure 3b, nuclear b-cate-
nin expression was downregulated by KO-202125 treatment in
MDA-MB-231 cell lines. Consistently, KO-202125 decreased
the nuclear translocation of b-catenin in these cell lines as
assessed by immunocytochemistry (Fig. 3c). Moreover, the
TCF4 promoter activity was decreased as measured by promoter
assay (Fig. 3d). Taken together, these suggest that KO-202125
reduces c-Myc expression through inhibition of the Akt-medi-
ated Wnt pathway and this may lead to KO-202125-mediated
inhibition of cell growth.

Enhanced nuclear localization of p27Kip1 by KO-202125. Nuclear
p27Kip1 leads to cell cycle arrest through inhibition of cyclin-
dependent kinase (CDK) and Akt blocks its nuclear localization
through its phosphorylation.(19) Therefore, we determined the
expression and phosphorylation levels of p27Kip1 in KO-202125-
treated MDA-MB-231 cells. KO-202125 treatment reduced
doi: 10.1111/j.1349-7006.2010.01817.x
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(a)

(d)

(c)

Fig. 3. Downregulation of the Akt-mediated Wnt ⁄ b-catenin pathway by KO-202125 in MDA-MB-231 human breast cancer cells. Cells were
treated with vehicle or 4 lM KO-202125 for 72 h. (a) The effect of KO-202125 on the Akt-mediated canonical Wnt signaling pathway was
determined by immunoblotting. (b) The effect of KO-202125 on cytoplasmic ⁄ nuclear localization of b-catenin was examined by biochemical
fractionation. (c) The effect of KO-202125 on subcellular localization of b-catenin was assessed by immunofluorescence microscopy and the result
was quantified by counting 1000 total cells each in three independent experiments (d) The effect of KO-202125 on TCF4 promoter activity was
determined by a promoter assay as described in the Materials and Methods. FOP, reporter assay with FOP-FLASH construct; TOP, reporter assay
with TOP-FLASH construct; RLU, relative light unit. Each data was statistically analyzed with the Student’s t-test. Data are presented as
mean ± SD. *Statistically significant difference of P < 0.05.
p27Kip1 phosphorylation at Thr157 in a dose-dependent manner
(Fig. 4a). We then tested whether this change affected p27Kip1

subcellular localization. As shown in Figure 4b, nuclear p27Kip1

expression was upregulated by KO-202125 treatment in MDA-
MB-231 cells. Increased nuclear localization of p27Kip1 was con-
firmed by immunocytochemistry (Fig. 4c). These data suggest
that p27Kip1 protein is translocated to the nucleus as a result of
reduced Akt activity and p27Kip1 phosphorylation by KO-
202125 and this result may lead to attenuated cell growth.

Inhibition of breast cancer growth by KO-202125 in mouse
xenograft models. To explore whether the diminished cell count
observed with KO-202125 treatment in vitro could be found
in vivo, we transplanted MDA-MB-231 cells into nude mice and
treated them with KO-202125. Upon oral administration of KO-
202125 for 28 days, tumor growth was inhibited in a dose- and
time-dependent manner (Fig. 5a,b). There was no evidence of
subacute toxicity such as loss of bodyweight in the mouse xeno-
Oh et al.
graft model (Fig. 5c). Therefore, these results suggest an anti-
tumor effect of KO-202125 both in vitro and in vivo.

Discussion

In the present study we showed that KO-202125 repressed the
growth of EGFR-overexpressing cancer cells both in vitro and
in vivo. Moreover, upon KO-202125 treatment, EGFR phosphor-
ylation and association of EGFR with p85 were reduced in MDA-
MB-231 cells. Akt, its downstream effector, was inactivated. The
Akt-mediated canonical Wnt signaling pathway was downregu-
lated by KO-202125, as evidenced by reduced GSK-3b phos-
phorylation, nuclear b-catenin and c-Myc expressions. Moreover,
nuclear localization of p27Kip1 was enhanced by KO-202125.

EGFR-mediated signaling mainly functions as an accelera-
tor of cell proliferation and survival in ER-negative breast
cancer that shows ER-independent cell growth.(15,35) Because
Cancer Sci | March 2011 | vol. 102 | no. 3 | 601
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Fig. 4. Enhanced nuclear localization of p27Kip1 by KO-202125 in MDA-MB-231 human breast cancer cells. Cells were treated with vehicle or
4 lM KO-202125 for 72 h. (a) The effect of KO-202125 on p27Kip1 phosphorylation and total protein expression was determined by western blot
analysis. (b) The effect of KO-202125 on cytoplasmic ⁄ nuclear localization of p27Kip1 was examined by biochemical fractionation. (c) The effect of
KO-202125 on subcellular localization of p27Kip1 was assessed by immunofluorescence microscopy (left). The result was quantified by counting
1000 total cells each in three independent experiments and statistically analyzed with the Student’s t-test (right). Data are presented as
mean ± SD. *Statistically significant difference of P < 0.05.
traditional hormonal therapy cannot be used for ER-negative
breast cancer, the need for alternative therapies such as treat-
ment of EGFR family target drugs is well recognized. It has
been reported that some EGFR target drugs act as receptor-bind-
ing blockers and other drugs function as kinase inhibitors. La-
patinib, which targets both EGFR and c-ErbB2 and inhibits their
kinase activity, is more effectively used for breast cancer
patients who have EGFR family overexpression.(36) Gefitinib,
which targets EGFR as a tyrosine kinase inhibitor and is widely
used for lung cancer and patients, is also used for breast cancer
patients.(16) However, the discovery of a more efficient and pre-
ventive therapeutic agent is still required. In this view, KO-
202125 may become an attractive candidate as it suppressed
EGFR and was more effective as an anti-tumor drug than gefiti-
nib (Table 1). Our results show that a 13-fold lower concentra-
tion of KO-202125 than gefitinib can effectively block breast
cancer cell growth and induce apoptosis. According to our data,
KO-202125-mediated cell growth inhibition was more effective
in EGFR-overexpressing breast cancers than EGFR-negative
breast cancers (data not shown). Therefore, the major mecha-
nism of the anti-tumor effect of KO-202125 may be the
EGFR ⁄ Akt signaling downregulation in human breast cancer
cells. Moreover, KO-202125 is effective both in vitro and in
vivo with no toxicity. These data suggest the possibility of the
use of KO-202125 in clinical trials. Although we found that
KO-202125 was very effective in EGFR inhibition, it is still
unclear how KO-202125 regulates EGFR activity. It is possible
that KO-202125 might directly regulate EGFR activity like
other tyrosine kinase inhibitors such as gefitinib or erlotinib. On
the other hand, it is assumed that KO-202125 could indirectly
inhibit EGFR activity through modulating EGFR regulators such
602
as cyclooxygenase 2 (COX-2), because several studies have
shown the induction of EGFR activity by COX-2 and we have
previously shown that COX-2 is a target of KO-202125.(29,37,38)

To clarify the exact mechanism of EGFR regulation by KO-
202125, further studies are needed.

It is of significance that the anti-tumor effect of KO-202125
in EGFR-overexpressing breast cancer is mediated by downre-
gulation of Akt activity through EGFR inactivation. When com-
paring the inhibitory effect of KO-202125 with those of gefitinib
regarding the EGFR downstream signaling pathway, there are
several differences between them. It has been reported that gefi-
tinib could not effectively block the Akt and MAPK pathways
despite reduction of EGFR activity in MDA-MB-231 cells.(39,40)

However, KO-202125 could inhibit the EGFR ⁄ PI3K ⁄ Akt signal
cascade, but not the ERK pathway. A reason for why both KO-
202125 and gefitinib could not affect the ERK pathway in
MDA-MB-231 cells might be the mutational status of K-Ras. It
has been previously reported that MDA-MB-231 cells have a K-
Ras G13D mutation that leads to constitutive binding of GTP
and consequent activation of downstream signaling.(41) There-
fore, insensitivity to the MAPK pathway by KO-202125 or gefi-
tinib might result in constant activation of the RAS ⁄ MAPK
pathway by a K-Ras mutation in the MDA-MB-231 cells. Taken
together, we suggest that a more powerful inhibitory effect of
KO-202125 than gefitinib might be caused by downregulation
of Akt signaling. Furthermore, KO-202125 regulated the Akt
downstream effector, Wnt-related molecules including GSK-3b,
b-catenin and c-Myc. The Wnt pathway is important to many
biological processes including development, proliferation and
differentiation, and aberrant activation of the Wnt pathway has
been found to be related to the development of cancers.(42)
doi: 10.1111/j.1349-7006.2010.01817.x
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Fig. 5. Inhibition of breast cancer growth by KO-202125 in mouse xenograft models. MDA-MB-231 cells were engrafted s.c. into nude mice.
When the tumor reached a width of 2.5–5 mm, the mice were treated daily p.o. with corn oil or KO-202125 for 28 days (day 0 set as the time of
starting drug treatment). The dose of KO-202125 is as follows: low, 0.078 mg ⁄ kg; medium, 0.39 mg ⁄ kg; high, 1.95 mg ⁄ kg. The tumor volume
was measured as described in the Materials and Methods. Results are from at least four animals and presented as mean ± SD. P values indicate
statistical significance of inhibition of tumor growth by KO-202125 (post-hoc test using Scheffe). *P < 0.005.
A major molecule of the canonical Wnt pathway, b-catenin, is
upregulated during cancer development in cancer cells and
tissues. b-catenin, stabilized by inhibition of GSK-3b, enters the
nucleus and enhances expression of Wnt target genes including
cyclin D1 and c-Myc. These Wnt target genes play a very
important role in cell growth.(43) Therefore, our data suggest that
the Wnt pathway may be part of the mechanism of the cell
growth inhibition effect of KO-202125 in ER-negative breast
cancer. Moreover, the Wnt ⁄ b-catenin pathway is involved in the
epithelial mesenchymal transition (EMT).(44) The EMT has been
proposed as a crucial step for progression of invasion and metas-
tasis in human cancer. Therefore, it is possible that KO-202125
may also be useful in cancer therapy through inhibition of the
Wnt pathway-mediated EMT. Our data also show that the
reduced Akt activity by KO-202125 in EGFR-overexpressing
breast cancer cells resulted in reduced phosphorylation of
p27Kip1, a CDK inhibitor, and enhanced expression of nuclear
p27Kip1, which may lead to G1 arrest during cell cycle progres-
sion. The relationship between the p27Kip1 expression level and
tumor progression has been reported. The p27Kip1 protein
expression level is reduced during tumor development and
progression in some tissues including epithelial tissues.(45)

Moreover, Liang et al.(46) showed that a high level of nuclear
Oh et al.
p27Kip1 expression is involved in the high survival rate in breast
cancer patients. Therefore, it could be suggested that KO-
202125 treatment may improve the survival of EGFR-overex-
pressing breast cancer patients with a poor prognosis as KO-
202125 increased nuclear p27Kip1 expression through Akt inhi-
bition. Collectively, our data strongly suggest that KO-202125
may effectively inhibit cell proliferation through regulation of
the Wnt pathway and p27Kip1 localization in Akt activity over-
expressing cancer cells.

In summary, KO-202125 was shown to have anti-proliferative
and apoptotic activity in EGFR-overexpressing breast cancers
both in vitro and in vivo. As possible molecular mechanisms
responsible for the antitumor effects of KO-202125, downregu-
lation of EGFR activity and particularly the Akt signaling path-
way was implicated. Therefore, KO-202125 is suggested as a
potential anti-cancer drug for the more aggressive ER-negative
and EGFR-overexpressing breast cancers.
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