
Abstract. Background: This study tested the effect of the soy
isoflavones genistein and ME-143, and two chemotherapeutic
agents, 5-fluorouracil (5FU) and oxaliplatin, on WNT
signaling. Materials and Methods: Colon cancer cell lines
RKO (hereditary nonpolyposis colorectal cancer type) and
DLD1 (most common colorectal cancer type driven by a
mutation in WNT pathway) were utilized. WNT throughput was
measured using a β-catenin-responsive SuperTopFlash
luciferase assay. A stabilized β-catenin construct was employed
to test β-catenin involvement in the mechanism of drug activity.
Results: ME-143 was a more than 10-fold potent inhibitor of
DLD1 proliferation than genistein at 3.125 μM. Genistein
alone did not inhibit WNT signaling in either cell line. In RKO
cells, oxaliplatin and its combination with 5FU significantly
inhibited WNT throughput. Neither 5FU, oxaliplatin nor their
combination inhibited WNT signaling in DLD1 cells. In both
the RKO and DLD1 cell lines, ME-143 significantly reduced
WNT throughput by 65-75%. The introduction of stabilized β-
catenin attenuated the ME-143-dependent inhibition of the
WNT/β-catenin pathway. Conclusion: ME-143 alone and in
combination with 5FU and oxaliplatin effectively inhibits the
WNT/β-catenin pathway in colorectal cancer cells of diverse
genetic background. β-Catenin is directly involved in the
mechanism of inhibition, and clinical studies are warranted.

Genistein, a component of soy, was first isolated from the
plant Genista tinctoria in 1899 and chemically synthesized
in the 1920s. It is an isoflavone and phytoestrogen found
predominantly in soy products that has been studied for its
potential role in colon cancer prevention and treatment. In
animal models, rats consuming a high genistein diet were

reported to develop fewer neoplastic features in their colons
and to down-regulate WNT signaling (1, 2) leading to the
postulation that perhaps genistein and other phytoestrogens
may play an antiproliferative role in colon cancer.

Epidemiological studies suggest that a high soy intake,
likely owing to its estrogenic properties, may lead to a lower
rate of colorectal cancer (3-5). Estrogen supplementation in
women has been shown to attenuate the risk of colorectal
malignancies (6), suggesting that the antineoplastic process
may at least in part be hormone-mediated. 

ME-143 is a second-generation synthetic isoflavone that
is known to have in vitro anticancer properties and has been
shown to inhibit mouse tumor xenograft growth (7). ME-143
was reported to be well-tolerated in a phase I dose-escalation
clinical trial in patients with advanced solid tumors (7).
Three out of 18 patients in that trial were observed to have
stable disease while being treated with single-agent ME-143,
which was administered as an intravenous formulation.

It is known that 85% of colorectal neoplasms (8) have
constitutive activation of the WNT pathway. WNT signaling
is initiated either extracellularly, through the binding of WNT
glycoproteins to a transmembrane frizzled receptor and low-
density lipoprotein receptor-related protein5/6 co-receptor (9),
or intracellularly, through inactivation of a β-catenin
destruction complex, most commonly through mutation of the
adenomatous polyposis coli (APC) gene. This prevents
degradation of β-catenin, allowing its translocation to the
nucleus, which promotes transcription of target genes
including cyclin D and cellular myelocytomatosis viral
oncogene (c-MYC) (9). Prior studies suggest that genistein
inhibits proliferation of colorectal cancer cell lines, possibly
through attenuation of WNT signaling by increasing
expression of sFRP2, a frizzled receptor antagonist (10-12).

Standard regimen utilized for the treatment of colorectal
malignancies is FOLFOX (13, 14), based on chemotherapeutic
agents 5-fluorouracil (5FU) and oxaliplatin. Few investigations
have assessed the effect of 5FU and oxaliplatin on WNT
signaling in colorectal cancer cells. In DLD1 cell line-derived
chemotherapy-resistant colon cells, 5FU was found to up-
regulate WNT signaling (15). WNT signaling blockade has
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been shown to reduce resistance to the antiproliferative effects
of chemotherapeutic agents such as 5FU and irinotecan (16).
Genistein has also been shown to synergistically inhibit tumor
proliferation when combined with chemotherapy. When
genistein was added to 5FU, enhanced apoptosis was observed
in colon cancer cells (17). Genistein appeared to act
synergistically with oxaliplatin to inhibit proliferation in
pancreatic cancer cell lines and reduce the size of the
pancreatic tumors in mice (18). These data led to a theory that
the synergistic effect of genistein with chemotherapeutic drugs
may be related to its inhibition of WNT signaling.

To our knowledge, the effect of ME-143 on WNT signaling
specifically has not been investigated. In this study, we
investigated the effects of ME-143, genistein, 5FU and
oxaliplatin on WNT throughput in RKO and DLD1 colon
cancer cell lines in order to test the hypothesis that a second-
generation isoflavone, ME-143, alone and in combination with
chemotherapy, is more efficacious than genistein in inhibiting
WNT signaling. 

Materials and Methods
Cell lines. Cell lines were purchased from the American Type Culture
Collection (ATCC), Manassas, VA, USA. RKO (ATCC CRL2577) is
a human colon cancer cell line with microsatellite instability and
wild-type APC. RKO cells were grown and maintained in Eagle’s
minimum essential medium (ATCC), with 10% fetal bovine serum
(FBS; Gibco by Thermo Fisher Scientific, Waltham, MA, USA) and
penicillin/streptomycin antibiotics (Thermo Fisher Scientific). DLD1
human colon cancer cell line (ATCC CCL221) has an APC mutation;
it was maintained in RPM1 growth medium with 10% FBS and
penicillin/streptomycin. Control L mouse cell line (ATCC CRL264)
was maintained in Dulbecco’s modified Eagle’s medium (Thermo
Fisher Scientific) with 10% FBS and penicillin/streptomycin
antibiotics. WNT3A-producing cells (ATCC CRL2647) are stably
transfected WNT3A-producing L-cells maintained in Dulbecco’s
modified Eagle’s medium with 10% FBS, penicillin/streptomycin and
400 μg/μl of Geneticin (G418 Sulfate; Gibco), antibiotic used to
insure stability of WNT3A expression by these cells. WNT-
conditioned medium was produced without G418 (19). All cell lines
were cultured in a humidified incubator with 5% CO2 at 37˚C.

Experimental agents. Genistein was obtained as a synthetic powder
with >98% purity from Sigma-Aldrich (St. Louis, MO, USA) and
reconstituted as a stock solution in 1% dimethylsulfoxide (DMSO).
It was utilized at concentrations of 0.001 to 300 μM for proliferation
experiments and at concentrations of 25, 50, 75 and 100 μM for WNT
throughput studies. ME-143 is a second-generation isoflavone
generously provided by MEI Pharma (San Diego, CA, USA) and
reconstituted as a stock solution in 1% DMSO. It was utilized at
concentrations ranging from 0.39 to 100 μM for proliferation
experiments and at 3 μM for WNT throughput experiments. 5FU
(Sigma-Aldrich) was used at concentrations of 10, 20 and 50 μM, and
oxaliplatin (Sigma-Aldrich) was at concentrations of 5 and 10 μM. 

Cell proliferation study. RKO and DLD1 were plated at 10%
confluence in 96-well plates and grown for 24 h, then exposed to
either WNT3A-conditioned media to augment WNT signaling or

control L-cell-conditioned media for another 24 h. Cell lines were
treated with different concentrations of genistein or ME-143. After
72 h, proliferation was measured using MTT assay. Cells were
treated with 100 μl/well of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay reagent and incubated
for 2 h at 37˚C. The plate was then centrifuged at 2,000 × g for 
5 min and the medium was removed. DMSO was then added to
solubilize the MTT crystals. Spectophotometric absorbance was
measured via a plate reader at wavelength of 570 nm (20).

WNT throughput assay. Cells were transfected at ~60% confluence
with Renilla luciferase expression construct (10% of the DNA;
Promega Corporation, Madison, WI, USA) and the β-catenin-
responsive firefly luciferase plasmid SuperTOPflash (90% of DNA;
kindly provided by Dr. Randall Moon, University of Washington,
Seattle, WA, USA), using transfection methods based on
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) for RKO cell
line or BioT (Bioland Scientific, Paramount, CA, USA) for DLD1
cells according the manufacturers’ instructions. After 48 h, cells were
removed from the 6-well plates with EDTA only (no trypsin usage)
and plated in 96-well plates in quadruplicates. Both RKO and DLD1
transfected cells were co-cultured with WNT3A-producing L-cells.
After 24 h, once the cells had attached, they were treated with
genistein, 5FU, oxaliplatin with/without ME-143 with appropriate
DMSO control concentrations. After incubating in treatment
solutions for 72 h, cells in 50 μl/well of media were treated with 50
μl/well of Dual-Glo Firefly Luciferase substrate (Promega) according
to the manufacturer’s instructions. WNT throughput activity was then
measured by a luminometer (Glomax Multi Detection System;
Promega). The Stop & Glo reagent (50 μl/well) was then added to
initiate constitutively expressed Renilla luciferase activity. The ratio
of firefly luciferase activity to Renilla luciferase activity was then
calculated to normalize the results for transfection efficiency and cell
survival. Experiments were subsequently repeated to include
transfection of a stabilized murine β-catenin plasmid with a mutated
glycogen synthase kinase 3 beta (GSK3-β)-recognition sites,
obtained courtesy of Dr. Rolf Kemler, Max Planck Institute of
Immunobiology and Epigenetics, Freiburg, Germany. 

Statistical analysis. Means and standard error of the mean (SEM)
for data from all experimental groups were calculated and groups
were compared using a two-tailed unpaired t-test with the level of
significance defined as α<0.05. 

Results

Effect of genistein and ME-143 on proliferation. Genistein
inhibited proliferation of RKO cells at concentrations above
10 μM, with a half maximal inhibitory concentration (IC50) of
50 μM. For DLD1, proliferation was inhibited above 50 μM,
with an IC50 of 75 μM (Figure 1). ME-143 was significantly
more potent, reducing proliferation of DLD1 cell line by
approximately 40% at a concentration of 3.125 μM. DLD1
cell line is WNT pathway-driven, like 80% of colorectal
cancer cases.

Effect of genistein and ME-143 on WNT throughput. RKO and
DLD1 cells were co-cultured with WNT3A-producing L-cells
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to ensure availability of extracellular WNT3A ligands. In both
cell lines, genistein had no inhibitory effect on WNT signal
throughput at concentrations between 25 μM and 100 μM
(Figure 2). In contrast, ME-143 significantly inhibited
WNT/β-catenin signaling both in the APC wild-type RKO cell
line and in the APC-mutated DLD1 cell line at a concentration
of 3 μM (p<0.0001 and p=0.0128, respectively; Figure 3). 

Effect of genistein combined with chemotherapeutic agents on
WNT throughput. In RKO cells, 5FU and oxaliplatin each
reduced WNT throughput slightly in comparison to control but
these changes were statistically significant only for oxaliplatin
at 5 μM (Figure 2A; p<0.001). However, the combination of
5FU and oxaliplatin did result in a significant reduction of
WNT signaling compared to control (Figure 2A; p-values
ranging from <0.05 to <0.0001) and to oxaliplatin alone (p-
values ranging from <0.05 to <0.0001). Genistein significantly
augmented inhibition of WNT throughput by 20 μM 5FU
(p<0.01) and of 10 μM oxaliplatin (p<0.0001), but did not
have a significant effect at other chemotherapy concentrations.
Importantly, the addition of genistein to the combination of
5FU and oxaliplatin did not produce any additional inhibition
of WNT signaling (Figure 2A and Figure 4A; p>0.05).

In DLD1 cells, neither 5FU nor oxaliplatin caused a
decrease in WNT throughput as single agents (Figure 2B).
WNT throughput was also not suppressed by the combination
of 5FU and oxaliplatin in this cell line. Genistein had no
inhibitory effect on WNT signaling when combined with 5FU
nor with oxaliplatin, nor their combination. 

Effect of ME-143 combined with chemotherapeutic agents on
WNT throughput. In the RKO cell line, ME-143 alone
significantly inhibited WNT signaling and a similar degree
of inhibition was seen with the addition of 5FU, oxaliplatin,
and their combination (Figure 3A). 

However, ME-143 augmented the slight inhibition seen
with oxaliplatin alone (Figure 4A; p<0.001) and the
inhibition seen with the 5FU and oxaliplatin combination
(Figure 4A; p<0.05). 

In DLD1 cells, the reduction of WNT signaling by ME-143
appeared to be abrogated by 5FU as a single agent and in
combination with oxaliplatin (Figure 3B; p-values range from
<0.01 to <0.001). The addition of a higher dose of oxaliplatin
alone did not reverse the effect of ME-143, making higher dose
oxaliplatin combination with ME-143 most promising for
exploring blockade of deleterious effects of high WNT
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Figure 1. Both genistein and ME-143 inhibited proliferation of colon cancer cells. Proliferation of DLD1 and RKO cells was tested after treatment
with concentrations ranging from 0.01 to 300 μM of genistein for 72 h and for DLD1 with ME-143 0-100 μM for 48 h. Genistein had a half-maximal
inhibitory concentration (IC50) of about 75 μM for DLD1 cells and approximately 50 μM for RKO cells. The IC50 of ME-143 for DLD1 cell line
was 3.125 μM. ME-143 was a more than 10-fold potent inhibitor of WNT pathway-driven (as in 80% of colorectal cancer cases) cell line DLD1
proliferation than genistein. The data for ME-143-treated RKO cells are not available. 



throughput in most colorectal cancer cases with mutations of
WNT pathway components (similar to DLD1 case). When adding
ME-143 to 5FU, oxaliplatin and the combination of 5FU and
oxaliplatin, considerable inhibitory effects were seen (Figure 4B). 

Mechanism of ME-143 inhibition of WNT throughput.
Transfection with stabilized β-catenin was utilized in order to

define whether the WNT signaling inhibition by ME-143
occurred upstream or downstream of β-catenin in the
pathway. WNT signaling was markedly reduced in sham-
transfected RKO cells upon exposure to ME-143.
Transfection with the active construct increased the basal
level of WNT throughput in RKO cells. However, the marked
inhibition of WNT signaling by ME-143 was almost
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Figure 2. Effect of genistein (Gen), 5-fluorouracil (5FU) and oxaliplatin (Ox) on WNT throughput in RKO and DLD1 colon cancer cells. All wells
contained RKO or DLD1 cells co-cultured with WNT3A-producing cells. A: RKO cell line: Genistein failed to produce an inhibitory effect on WNT
throughput. Oxaliplatin at 5 μM and combinations of 5FU and oxaliplatin with and without genistein produced significant inhibition of WNT
throughput. Addition of 50 μM genistein to 20 μM 5FU produced further significant inhibition compared with the same concentration of 5FU alone
(p=0.0094). Addition of genistein at 50 μM to oxaliplatin at 10 μM further enhanced the inhibitory effect on WNT compared to oxaliplatin alone
at 10 μM (p<0.0001). B: DLD1 cell line: Genistein, 5FU and oxaliplatin separately, or combination of 5FU and oxaliplatin all failed to produce
significant Wnt throughput inhibition. Significantly different from the control at *p<0.05, **p<0.001, and ***p<0.0001.



completely abrogated following transfection of stabilized β-
catenin (Figure 5). 

Discussion

In our study, genistein alone failed to produce any inhibition
of the WNT pathway in either RKO or DLD1 cell lines.

Genistein has been reported to down-regulate WNT signaling
in the colorectal cancer cell line DLD1, by other
investigators (11). The difference in these results may be
attributed to the difference in methodology used to
investigate WNT signaling. Zhang and colleagues showed a
decrease in nuclear β-catenin, while our study measured
WNT throughput activity through nuclear β-catenin-
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Figure 3. ME-143 generally reduces WNT throughput in RKO and DLD1 colon cancer cells by 65-75%. All wells contained RKO or DLD1 co-
cultured with WNT3A-producing cells. A: RKO cell line: ME-143 significantly suppressed WNT throughput alone and in combination with
chemotherapy, except when combined with oxaliplatin (Ox) at 5 μM. B: DLD1 cell line: ME-143 suppressed WNT throughput but chemotherapy
agents restored WNT signaling when combined with ME-143, except for oxaliplatin at 10 μM. Significantly different from the control at *p<0.05,
**p<0.001, and ***p<0.0001.

Figure 4. ME-143 provides more potent inhibition of WNT throughput than genistein additional to that of 5-fluorouracil (5FU) and oxaliplatin
combination (components of FOLFOX therapy). A: RKO cell line: Addition of 50 μM genistein (Gen) to 10 μM oxaliplatin (Ox) further enhanced
the inhibitory effect on WNT signaling compared with oxaliplatin alone at 10 μM (p<0.0001). Genistein failed to provide inhibition of WNT throughput
additional to that of 5FU and oxaliplatin combination (p=0.9191). ME-143 further inhibited WNT throughput when added to oxaliplatin at 10 μM
(p=0.0008) and when added to 10 μM 5FU plus 5 μM oxaliplatin (p=0.0002). B: DLD1 cell line: Both genistein and ME-143 produced additional
inhibition of WNT throughput compared to oxaliplatin alone at 10 μM (p=0.0298 and p<0.0001, respectively). Genistein failed to produce inhibition
additional to that of 5FU and oxaliplatin combination (p=0.5945). ME-143 further inhibited WNT throughput in combination with 10 μM 5FU plus
5 μM oxaliplatin compared with the combination alone (p=0.0497). Significantly different from the control at *p<0.05, **p<0.001, and ***p<0.0001.



dependent reporter in the presence of WNT3A. Both studies,
however, demonstrated an antiproliferative effect of genistein
in the DLD1 colon cancer cell line (Figure 1) and our study
demonstrated that genistein also reduced proliferation in the
RKO cell line. The exact mechanism by which genistein
achieves its inhibitory effect on proliferation is unknown. It
is not possible to speculate about WNT-related growth
inhibition mechanisms, since in our experiments, no
inhibition of WNT pathway by genistein was detected.

As far as we are aware, this is the first study to
demonstrate a significant inhibition of WNT signaling by
combination treatments of 5FU and oxaliplatin in the RKO
cell line, although this effect was not seen in the DLD1 cell
line. The concentrations of 5FU (10, 20 and 50 μM) and
oxaliplatin (5 and 10 μM) chosen for this study were based
on previously published investigations demonstrating their
antiproliferative effect in cancer cell lines (17, 18). It is
possible that to observe an inhibitory effect on WNT
signaling in the DLD1 cell line, higher concentrations of
5FU and oxaliplatin combination are required. Genistein did
not further augment WNT throughput inhibition when added

to the combination of 5FU and oxaliplatin. This is in contrast
to prior reports suggesting synergy of genistein with
fluoropyrimidine and platin-class chemotherapies (18),
although these prior studies were not focused on the effect
on WNT signal throughput. 

To our knowledge, this is the first study demonstrating
significant WNT-throughput inhibition by ME-143, a second-
generation synthetic isoflavone, in colorectal cancer cell lines.
ME-143 was able to achieve this inhibitory effect at 10-fold
lower concentrations than genistein and had a significant
effect as a single agent. Of great clinical interest, ME-143
augmented the reduction of WNT signaling observed with the
combination of 5FU and oxaliplatin chemotherapeutic agents
(components of the FOLFOX combination). In the DLD1 cell
line, 5FU appeared to be antagonistic to the WNT-inhibitory
effect of ME-143. These data suggest that the combination of
ME-143 with either 5FU or FOLFOX may be more active for
microsatellite-unstable colorectal tumors, where fewer APC
mutations are detected (21). Still, it is tempting to speculate
that ME-143 could be used clinically for sensitive cells in
metastatic disease as a single agent or in combination with
FOLFOX. Given its potent effects on WNT signaling, we
hypothesize that ME-143 may have its greatest consequence
on dormant cancer stem cells which rely on WNT signaling
for survival (22). Future studies could investigate the
potential role of ME-143 in the adjuvant setting for colorectal
cancer as treatment of minimal residual disease. To address
residual disease systematically, characteristics of cells
responsible for it should be examined. Considering the
multigenetic nature of colorectal cancer, preference for a
single marker of those cells responsible for the residual
disease, such as leucine rich repeat containing G protein-
coupled receptor 5 (LGR5), does not look promising (23),
and analysis of activity in regulatory pathways including
WNT signaling pathway seems to be more desirable. 

The attenuation of the inhibition of WNT signaling by
ME-143 in cells transfected with stabilized β-catenin
suggests that ME-143-mediated inhibition of WNT pathway
indeed acts through the blockade of the WNT/β-catenin
signaling. We may postulate that the mechanism by which
ME-143 inhibits WNT/β-catenin pathway is upstream of β-
catenin in the WNT pathway. This may be through increased
production of extracellular WNT inhibitory molecules such
as SFRPs as has been suggested by others as a possible
mechanism for genistein inhibition (12).

Conclusion

Genistein, at the concentrations used in this study, failed to
effectively block the WNT pathway. To our knowledge, this
is the first study to demonstrate that ME-143 is a potent
inhibitor of the WNT/β-catenin pathway in colorectal cancer
cell lines at concentrations at least 10-fold lower than those
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Figure 5. Stabilized β-catenin attenuates the effect of ME-143 on WNT
signaling in the RKO cell line. All wells were co-cultured with WNT3A-
producing cells. Cells were treated for 72 h. RKO cells transfected with
reporter plasmid SuperTopFlash (STF) were compared with RKO cells
transfected with STF and treated with ME-143; ME-143 significantly
inhibited WNT throughput. RKO cells transfected with stabilized β-catenin
and treated with ME-143 showed no inhibition of WNT throughput. RKO
cells transfected with stabilized β-catenin showed greater activation of
WNT throughput than RKO cells transfected with STF (p=0.0189). 



of genistein required to inhibit the growth of cells. The
combination of 5FU and oxaliplatin (components of
FOLFOX) significantly inhibited WNT signaling in the RKO
cell line and this effect was augmented by ME-143.
Introduction of stabilized β-catenin attenuated the ME-143
inhibitory effect suggesting that the mode of action is
upstream of β-catenin in the pathway. Future clinical studies
are needed to examine the role of ME-143 in combination
with FOLFOX or as a single agent in advanced colorectal
cancer, or in the adjuvant setting as treatment of minimal
residual disease. 
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