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Abstract
The availability of large-scale drug screening data on cell line panels provides a unique opportunity to identify predictive
biomarkers for targeted drug efficacy. Analysis of diverse drug data on ~990 cancer cell lines revealed enhanced sensitivity of
insulin-like growth factor 1 receptor/ Insulin Receptor (IGF-1R/IR) tyrosine kinase inhibitors (TKIs) in colon cancer cells.
Interestingly, β-catenin/TCF(T cell factor)-responsive promoter activity exhibited a significant positive association with IGF-1R/
IR TKI response, while the mutational status of direct upstream genes, such as CTNNB1 and APC, was not significantly
associated with the response. The β-catenin/TCF activity high cell lines express components of IGF-1R/IR signaling more than
the low cell lines explaining their enhanced sensitivity against IGF-1R/IR TKI. Reinforcing β-catenin/TCF responsive promoter
activity by introducing CTNNB1 gain-of-function mutations into IGF-1R/IR TKI-resistant cells increased the expression and
activity of IGF-1R/IR signaling components and also sensitized the cells to IGF-1R/IR TKIs in vitro and in vivo. Analysis of
TCGA data revealed that the stronger β-catenin/TCF responsive promoter activity was associated with higher IGF-1R and IGF2
transcription in human colon cancer specimens as well. Collectively, compared to the mutational status of upstream genes, β-
catenin/TCF responsive promoter activity has potential to be a stronger predictive positive biomarker for IGF-1R/IR TKI
responses in colon cancer cells. The present study highlights the potential of transcriptional activity as therapeutic biomarkers for
targeted therapies, overcoming the limited ability of upstream genetic mutations to predict responses.

Introduction

Mutations of cancer genes have been exploited as important
drug targets and/or biomarkers in advanced cancer thera-
pies. In particular, gain-of-function mutations in several
oncogenes, have been successfully used to improve clinical
outcomes by acting as direct drug targets or biomarkers for
patient selection [1, 2]. However, mutations in multiple
other oncogenes have not been demonstrated to be strong
predictive markers for available targeted therapies. Changes
in the molecular activity downstream of an oncogenic
mutation play key roles in the development and progression
of cancer. Mutations that accumulate as a result of genomic
instability and dynamic interactions with the micro-
environment making the relationship of mutations with
downstream signaling networks more complicated [3, 4].
Thus, focusing on the phenotypic events in direct down-
stream molecules of cancer-related mutations may over-
come the challenges in using mutation-oriented approaches
to optimize targeted therapies. Quantitative measurement of
phenotypic consequences (e.g., transcriptional profiles) of
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Fig. 1 Association of WNT activity with IGF-1R/IR drug response in
colon cancers. a Lineage-oriented analysis of 104 targeted drugs on
diverse cell lines. The large-scale drug screening data screened on a
panel of 990 human cancer cell lines was obtained from the data portal
of Genomics of Drug Sensitivity in Cancer 1000 (GDSC1000)
(http://www.cancerrxgene.org/gdsc1000/) [13]. We selected 104 tar-
geted drugs, which affect the 10 major signaling pathways—IGF-1R,
EGFR, ERK-MAPK, ABL, WNT, p53, RTK, JNK, p38, PI3K, and
TOR signaling. The −log(p-value) of the AUC is represented in dif-
ferent colors. Red represents a sensitive response on the lineage, while
green represents a resistance (scale bar). The color index on the top
represents target pathways of treated drugs. Number in the bracket
indicates the total number of cell lines in the lineage. b Analysis of the
sensitivity (-logIC50) of four IGF-1R/IR inhibitors in 39 colon cancer
cell lines. Median fold-changes in the −logIC50 values were used to
generate the heatmap profile. Red represents a sensitive response on
each cell line, while green represents a resistance (scale bar). Cellular
β-catenin/TCF activity marked as WNT activity is presented by ++;
active, +; marginal, −; non-active, and •; unknown. (Supplement
Table 1a, b). Cells in a WNT active group were satisfied with >average
plus standard deviation of log (β-catenin/TCF4 reporter signal+ 10)
on 85 cell lines and cells in non-active group were satisfied with
<average minus standard deviation of log (β-catenin/TCF4 reporter

signal+ 10) on 85 cell lines. The status of WNT activity was
applicable to a total of 60 and 32 cancer cell lines in GDSC1000 and
GSK [53, 54] drug screening data, respectively. Red and blue colored-
check marks (√) represent homozygous and heterozygous mutation of
indicated genes in each cell line. The cells showed very similar sen-
sitivity to two potent IGF-1R/IR TKIs, BMS754807 and OSI-906
except KM12, which has TPM3-NTRK1 fusion gene and sensitive to
TrkA inhibition activity [26] that BMS754807 also has. c The
response of IGF-1R inhibitors were compared between 13 WNT active
and 21 non-active cell lines. d Comparison of IGF-1R inhibitors with
colon cancer drugs (data from GDSC except GSK series and PQIP
from GSK data set) for the selectivity to WNT active colon cells. Cell
line enrichment analysis (CLEA) [14] was performed using
GDSC1000 drug screening data. The prioritization of cell lines
included in a given category was analyzed using a receiver operator
characteristic (ROC) curve after ranking all of cell lines by the IC50
values. The area under the ROC curve (AUC) is a quantified value to
show the association of given cell line lineages or phenotypes with the
drug response. The significance (p-value) of the AUC was determined
by permutation tests through 1000 repeated randomizations of the
ranks. AUC of –log(IC50) for each drug was calculated for WNT active
colon, WNT active and non-active cells. *P < 0.05 and **P < 0.01 for
the AUC
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genetic variations could provide improved biomarkers able
to select patients most likely to benefit from specific tar-
geted therapies [5].

Upregulation of WNT/β-catenin/TCF signaling through
APC or CTNNB1 mutations contributes to tumorigenesis
particularly of colon cancers [6]. However, previous efforts
have not identified targeted anticancer strategies that would be
predicted to be active in tumors with these mutations. Relative
WNT/β-catenin/TCF activity measured using a β-catenin/TCF
responsive reporter in 85 cell lines showed that upstream
mutations (APC/CTNNB1) do not necessarily direct down-
stream transcriptional activity (WNT/TCF) in many cells [7].
Therefore, we assessed both the molecular activity of the β-
catenin/TCF transcription factor and APC/CTNNB1 muta-
tions to identify drugs that could be selective active in colon
cancer. Recently, the screening data of 256 anticancer drugs
in 990 cancer cells became available from the Genomics of
Drug Sensitivity in Cancer (GDSC) data set [8]. We analyzed
the association of drug response with the mutation profile of
all tested cell lines, using sequence information of cell lines
retrieved from the CCLE consortium [4].

Insulin-like growth factor 1 receptor (IGF-1R), a receptor
tyrosine kinase, plays an important role in carcinogenesis and
metastasis [9, 10]. IGF-1R can form a heterodimer with the
insulin receptor (IR) and mediate signaling from insulin, IGF-
1 and IGF2 ligands. IGF-1R activity has not been consistently
associated with mutations, fusions, or amplification. Several
tyrosine kinase inhibitors (TKIs) and monoclonal antibodies
directed against IGF-1R have been developed [11, 12]. Mul-
tiple IGF-1R inhibitors have been tested in clinical trials but
failed, at least partly, as a result of a lack of therapeutic
markers to optimize patient selection. In the analysis of GDSC
data, we observed the enhanced sensitivity of IGF-1R TKIs
against colon cell lines. Interestingly, the strongest association
was with TCF transcription activity and not APC/CTNNB1
mutations. This association was confirmed using in vitro and
in vivo models, and in human tissues elucidating putative
molecular mechanisms. Thus, the present study revealed a
novel potential biomarker for IGF-1R TKI therapy in colon
cancers. Moreover, the results provide insights into the lim-
itations of genetic alterations as predictors of sensitivity to
targeted therapies and highlights the potential of molecular
phenotypes, such as transcriptional activity, to predict sensi-
tivity to targeted anticancer drugs.

Results and discussions

Positive association of WNT (β-catenin/TCF) activity
with IGF-1R/IR drug response in colon cancers

To investigate the association of cancer lineages with cellular
responses to targeted drugs, we used high-throughput drug

screening data on 990 cancer cell lines derived from the
GDSC data set [13]. A cell line enrichment analysis (CLEA)
[14] map for 104 targeted drugs that affect 10 major signaling
pathways was generated using the categories of 14 major
solid tumor types (Fig. 1a). The lineage-based CLEA map
separated the drugs into three major groups containing drugs
targeting the IGF-1R/IR, ERK-MAPK, and EGFR signaling
pathways. Inhibitors targeting IGF-1R/IR and ERK-MAPK
signaling showed significant activity in colon and pancreas
cancers. IGF-1R/IR inhibitors affecting IGF-1R/IR signaling
showed a unique association with colon and pancreatic cancer
cell lines. These data suggest that IGF-1R/IR inhibitors may
have utility in colorectal cancers. The presence of mutations
or amplifications in genes, such as APC, CTNNB1, and
EGFR, contributes to the development and progression of
colorectal adenocarcinoma (COAD) [15, 16]. To further
analyze the efficacy of IGF-1R inhibitors in colon cancer, we
classified colon cell lines based on major genotypic aberra-
tions in genes such as APC, CTNNB1, EGFR, BRAF, and
KRAS (Fig. 1b and Supplement Fig. 1). The colon cancer cell
lines were divided into two groups based on the relative
sensitivity to the IGF-1R/IR inhibitors. However, mutations in
common colon cancer-associated genes were not sufficient to
classify cell sensitivity to IGF-1R/IR inhibitors.

The activation of canonical WNT signaling is important
in colon cancer progression and metastasis [17], which is
mediated through the transcriptional activity of β-catenin
and facilitates the activation of many target genes through
TCF. However, WNT activation is not uniformly associated
with the mutational status of APC and CTNNB1 in colon
cancer suggesting additional levels of regulation [18]. To
investigate the association of β-catenin/TCF activity with
the sensitivity to IGF-1R inhibitors, we classified the colon
cancer cell lines based on published data obtained for TOP
flash promoter signal from 85 cancer cell lines [7] (Sup-
plement Table 1a, b). Interestingly, the colon cancer cell
line classified according to β-catenin/TCF activity did not
show a strong association with mutations in APC and
CTNNB1 but was strongly associated with the sensitivity to
IGF-1R inhibitors (Fig. 1b). Thus, we compared the efficacy
of IGF-1R/IR inhibitors in β-catenin/TCF active and β-
catenin/TCF-non-active cell lines (Fig. 1c). Sensitivity to
IGF-1R inhibitors was significantly higher in β-catenin/TCF
active cells compared to that in non-active cells, except for
GSK529, which had limited activity in all of the cell lines
(data not shown). Moreover, we performed a CLEA ana-
lysis to compare the sensitivity and selectivity of 7 IGF-1R
inhibitors with 2 clinically used therapeutic agents (5-
fluorouracil and cetuximab, the chemotherapy drugs and
EGFR targeted drug respectively) for colon cell lines (Fig.
1d). The response to most IGF-1R inhibitors was sig-
nificantly associated with WNT activity, particularly for
colon cancer. Furthermore, the efficacy of 5-fluorouracil nor
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cetuximab was not associated with β-catenin/TCF activity,
showing that β-catenin/TCF active cells were not more
vulnerable to treatment in general. Therefore, systematic
analyses using large-scale cell line-based drug screening
data collectively suggested that the inhibition of IGF-1R in
β-catenin/TCF active cell lines represents a promising
therapeutic approach that could be effective in colon cancer
patients with a positive biomarker.

WNT active colon cancer cells are more sensitive to
IGF-1R/IR TKIs than the WNT inactive colon cancer
cells

Since the association between IGF-1R/IR TKI sensitivity
and β-catenin/TCF signaling activity was derived from
publicly available data from the GDSC and previously
published studies, we examined whether these data were
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reproducible in the present study. To this end, we selected 6
cell lines: three β-catenin/TCF-active cell lines (SW480,
Colo205, and HT-55) and three-inactive/moderate
cell lines (SNU-C2A, KM12, and RKO) (Supplement
Table 1a, b).

β-catenin/TCF transcriptional activity is stronger in those
active cell lines compared to in those sensitive cells, as
expected [17] (Fig. 2a). The IC50 values for the IGF-1R/IR
TKI, GSK183705A, in the inactive cells were much higher
than that of active cells, showing that the association
between IGF-1R/IR TKI sensitivity and β-catenin/TCF
activity assessed from the bioinformatics analyses was
reproducible (Fig. 2b). mRNA expression of the IGF-1R
and/or IR receptors were high in Colo205 cells, and SW480
cells (Fig. 2c). Furthermore mRNA for IGF-1 and/or IGF-2
ligands were more in the active cells (Fig. 2c). Increased IR-
A mediates proliferation/survival signaling rather than
metabolic/differentiation signaling [19, 20]. Endogenously
activated IGF-1R was detected in the active cells and sig-
nificantly inhibited by IGF-1R/IR TKI (Fig. 2b, d). Col-
lectively, β-catenin/TCF active cells demonstrated relatively
higher expression of IGF-1R/IR signaling components,
suggesting that these cells could be dependent on this sig-
naling pathway for their proliferation/survival compared to
inactive cells. IGF-1R/IR may activate β-catenin through
AKT [21]. However, IGF-1R/IR TKI failed to suppress the
β-catenin activity in the resistant and sensitive cells
demonstrating that the differential IGF-1R/IR TKI sensi-
tivity is not mediated through β-catenin (Supplement
Fig. 2).

Activation of WNT/β-catenin/TCF signaling
sensitized KM12 cell lines to IGF-1R/IR TKIs through
increased expression of IGF-1R signaling
components

We next examined whether enforced β-catenin/TCF acti-
vation could lead to IGF-1R/IR TKI sensitivity in a β-
catenin/TCF-inactive, IGF-1R/IR TKI-insensitive, cell line.
KM12 showed the lowest TCF promoter activity (Supple-
ment Table 1a, b). Furthermore, KM12 were highly resis-
tant to IGF-1R/IR TKI (Fig. 2b). We overexpressed an
oncogenic CTNNB1 mutant [22] in KM12 cells to generate
KM12-MT cells, which increased β-catenin in total cell
lysates and the nucleus and activated the β-catenin/TCF-
responsive transcription (Fig. 3a, b) Strikingly, mutant β-
catenin transfection increased sensitivity of KM12 cells to
IGF-1R/IR TKIs (Fig. 3c) while the vector transfection did
not change it (data not shown). The downregulation of the
IGF-1R using siRNA suppressed the survival of KM12-MT
cells (Fig. 3d). Consistently, mutant β-catenin increased
expression of the IGF-1R, the mediator protein IRS1 and
the ligands IGF-1 and IGF-2 (Fig. 3e). In addition, mutant
β-catenin also increased the protein levels of IR, IRS, and p-
AKT (Fig. 3f). Collectively, ectopically expressed onco-
genic β-catenin activated the β-catenin/TCF signaling
pathway in KM12 cells and induced IGF-1R dependency
likely through the expression of IGF-1R signaling compo-
nents. Currently, the detailed mechanism is not clear.
However, Wnt activation of IRS1 [23] and epigenetics
activation of IGF2 [24] expression may be related.

We further examined whether the induced expression of
IGF-1R components indeed activated IGF-1R signaling
(Fig. 3g). The IGF signaling axis (p-IGF-1R/IR and the
surrogate marker of it, p-AKT) of KM12-MT cells was
more sensitive to IGF-1R ligands, insulin, IGF-1, and IGF-2
compared with KM12 cells. Increased basal levels of p-
AKT (T308) in KM12-MT cells suggested that IGF-1R
signaling in these cells was activated under serum-starved
conditions, likely through autocrine and paracrine pathways
(Fig. 3g). AKT phosphorylation was decreased in KM12-
MT cells by GSK1838705A in a dose-dependent manner
but increased in KM12 cells. Mutual phosphorylation
between SRC and IGF-1R was reported to control IGF-1R
TKI resistance [25]. Src was constitutively activated (p-
SRC Y416) in KM12-MT. Inhibition of IGF-1R did not
alter p-SRC(Y416) levels in KM12-MT but did slightly
increase p-SRC(Y416) in the parental line. However, the
induction of p-SRC(Y527; inhibitory form) by
GSK1838705A suggested that SRC was inactivated in
response to IGF-1R/IR inhibition in KM12-MT cells. The
combined treatment with IGF-1R/IR TKI and a Src inhibitor

Fig. 2 WNT active colon cancer cells are more sensitive to IGF-1R/IR
TKIs than the WNT inactive colon cancer cells. a The comparison of
β-catenin/TCF promoter activity and target gene expression in the six
representative colon cancer cells selected from Supplement Table 1.
The relative β-catenin/TCF-responsive TOP Flash activity was shown.
Three cell lines, HT-55, SW480, and COLO205, showed higher TOP
Flash promoter activity than other three cell lines, RKO, KM12, and
SNU-2CA. One of the main β-catenin/TCF target Axin2 mRNA
expression is also shown. The quantitative RT-PCR was done using
the primers listed in supplement Table 2. b The relative sensitivity
against GSK1838705A of the three strong and three weak β-catenin/
TCF activity cell lines demonstrated that the TCF active cells show
higher sensitivity than the TCF inactive cells. c The increased
expression of IGF-1R signaling components in the β-catenin/TCF
active and inactive cells. The β-catenin/TCF activity is associated to
the higher expression of IGF-1R, IRS, IGF-1, IGF2, or IR mRNA. The
electrophoresis of IR RT-PCR products showed that the Colo205 and
SW480 mainly expressed the IR A. d The IGF axis modulation by
IGF-1R/IR TKI GSK1838705A in the two resistant and two sensitive
cell lines. The mean value for triplicated is shown with SEM. *p < 0.01
to two resistant cell lines. #p < 0.05 to two resistant cell lines. Students’
t-test, two sides
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on KM12 did not lead synergistic activity (data not shown).
Collectively, these data showed that treatment with IGF-1R/
IR TKI only effective in KM12-MT cells (Fig. 3h). We also

find that the blocking of APC gene in KM12 also sensitized
the cells to IGF-1R TKI and it is probably through of IGF-
1R components expression (Supplement Fig. 3)
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Elevated β-catenin/TCF activity driven sensitivity to
IGF-1R TKI is preserved in vivo

We subsequently examined whether the increased sensi-
tivity resulting from the ectopic activation of β-catenin/TCF
signaling in tumor cells was reproducible in vivo (Fig. 4a).
KM12 and KM12-MT xenografts were generated in SCID
mice followed by treatment with IGF-1R/IR TKI. Treatment
with GSK1838705A did not delay the growth of KM12
tumors but did significantly suppress the growth of KM12-
MT tumors, demonstrating enhanced sensitivity to IGF-1R/
IR TKI. Blood glucose levels were not significant altered,
suggesting the effects of the TKI were on IGF-1R rather
than insulin signaling (data not shown). The regrowth of
KM12-MT treated with GSK705A may be due to the
transition to original TrkA dependency [26] of parental
cells.

β-catenin/TCF activity is associated with IGF-1R and
IGF2 expression in human colon cancer tissues

To confirm the relevance of association between the IGF-1R
TKI sensitivity and β-catenin/TCF activity, we extended our
analysis to clinical tumor samples. The expression of β-
catenin/TCF targets and IGF-1R/IR signaling components,
acquired from TCGA RNA sequencing data in COAD tis-
sue samples were analyzed (Fig. 4b). IGF-1R and IGF2
genes were significantly overexpressed in tissues showing
higher expression of β-catenin/TCF target genes than the

lower expressing tissues. Interestingly, higher expression of
Myc was associated with IGF-1R overexpression but not
with IGF2 suggesting the various human tissues may use
slightly different ways to activate IGF-1R/IR signaling.

It is somewhat surprising that TCF activity, but not APC/
CTNNB1 mutations, was significantly associated with IGF-
1R/IR TKI efficacy. APC/ CTNNB1 mutations or epige-
netic suppression of APC [27] is observed in more than
80% of colon cancer patients [28] and believed to lead
upregulation of β-catenin/TCF activity via the canonical
pathway. However, β-catenin/TCF target genes are
expressed in diverse level in colon cancer tissues, consistent
with nuclear β-catenin accumulation [29]. Further, non-
canonical regulation of WNT signaling through calcium
may suppress TCF activity, even in the presence of those
mutations [30]. β-catenin activation may also be mediated
by non-canonical pathways [31]. Consistently, β-catenin/
TCF signaling activity showed extreme variation among
cell lines with mutations in APC/CTNNB1 [7]. In an
alternative mechanism, APC mutants regulate Hippo-YAP
signaling independent of β-catenin stabilization [32]. Thus,
APC/CTNNB1 mutations may not fully capture β-catenin/
TCF activity.

Discrepancies between the predictive value of genotype
and phenotype may exist in other well-established onco-
genic signaling networks. Although many driver muta-
tions are critical for early stages of carcinogenesis, they
may not be essential in later stages when the cancer is
established [33]. The development of resistance mutations
in cancers treated with targeted therapeutic agents (e.g.,
EGFR TKI) in downstream signaling components [34,
35], other growth signaling pathways [36] or independent
signaling pathways [37, 38] contributes to cancer evolu-
tion and crosstalk among oncogenic signaling cascades.
The existence of cancer MR (master regulator) gene
would explain the mechanism that the different repertoire
of mutations leads similar transcriptional consequences
[39] as well.

Multiple studies have shown that IGF-1R signaling is
associated with the risk and prognosis of malignancy in a
variety of tissue types [40–44], including colon cancers [45,
46]. The early success of clinical trials targeting this sig-
naling pathway using monoclonal antibodies [47, 48] and
small molecules [49, 50] were exciting, although failures
were reported in subsequent clinical trials [47, 51]. Indeed,
stage II/III clinical trials for IGF-1R targeting of unselected
populations of refractory colorectal cancers did not
demonstrate marked activity [52]. Therefore, the positive
association between β-catenin/TCF activity and IGF-1R/IR
TKI sensitivities may provide an approach to enrich patients
likely to benefit from IGF-1R/IR TKI in clinical trials.
Currently, the use of transcriptional activity for biomarker
may be not easy. However, the fast development of

Fig. 3 Activation of β-catenin/TCF signaling sensitized KM12 cell
lines to IGF-1R/IR TKIs through increasing the expression of IGF-1R
signaling components. a Introduction of a mutant β-catenin, E[beta]P,
into KM12 cell line increased nuclear β-catenin and enhanced TOP
Flash activity. The nuclear fraction, Nu; total cell lysate, TCL. b
Increased transcription of β-catenin/TCF target genes by E[beta]P
introduction. c Mutant β-catenin induced sensitization of KM12 cells
to IGF-1R/IR TKIs, GSK1838705A, and OSI-906. d IGF-1R is
required for the survival of KM12-MT cells. SiRNA against IGF-1R
suppressed the survival of KM12-MT but did not that of KM12. e
Increased expression of the IGF-1R signaling components by the
mutant β catenin. f The increased expression of IGF-1R signaling
components, receptor (IGF-1R and IR), the ligands (IGF1 and IGF2)
and the key mediator (p-AKT). *P < 0.01 compared to KM12. Stu-
dents’ t-test, two sides. g Activation of IGF-1R/IR signaling axis in
KM12 cells by the CTNNB1 mutant. In the serum-starved condition,
basal level of p-AKT, and the downstream mediators. The activation
of the IGF-1R signaling by Insulin, IGF1, and IGF2 are prominent in
KM12-MT. h The enhanced molecular responses to IGF-1R/IR TKI in
KM12-MT. The molecules in IGF axis were tested after adding the
IGF-1R/IR TKI. The downstream of p-IGF-1R, p-AKTs were well
decreased by the IGF-1R/IR TKI in the KM12-MT while rather
increased in KM12. The pIGF-1R without induction was too weak to
detect by western blotting. The Src was activated (p-Y416) by IGF-1R/
IR TKI in KM12 but was deactivated (p-Y527) in KM12-MT. The
mean value for triplicated is shown with SEM *P < 0.01 Students’ t-
test, two sides
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genomics technology may help us to use transcriptomic
phenotype of tumor cells as a biomarker in the near future.

We demonstrated that, rather than any mutation profiles,
β-catenin/TCF activity is a better positive biomarker for the
efficacy of IGF-1R/IR TKIs on colon cancer cells based on
recently reported public data [8] and the in vitro and in vivo
experiments with human tumor tissue analysis conducted in
the present study. Mechanistically, we demonstrated that β-
catenin/TCF transcriptional activation led to the transcrip-
tional induction of IGF-1R pathway members, resulting in
the increased dependency of these cells on IGF-1R

signaling. This novel biomarker may be useful for the
selection of patients for future clinical trials for IGF-1R/IR
TKI-based therapies. In addition, it also highlights the
potential of transcriptional activity as therapeutic bio-
markers for targeted therapies, overcoming the limited
ability of upstream genetic mutations to predict responses.
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Fig. 4 Elevated β-catenin/TCF activity is associated to IGF-1R/IR
signaling in mouse and in human. a Activated β-catenin/TCF sensi-
tized resistant colon cancer cell line KM12 to IGF-1R/IR TKIs in vivo.
5 × 105 cells of KM12 or KM12-MT were mixed with an equal volume
of Matrigel (BD Biosciences, Oxford, UK) and subcutaneously
injected into the flanks of NOD/SCID mice. The GSK1838705A
(GSK705) or vehicle were treated to the tumor baring mice, with
10 mg per kg daily oral injection for 14 days [55]. The KM12 tumors
(Top) did not show responses to the drug while the KM12-MT tumor
(Bottom) growth were significantly suppressed by the treatment of
GSK705 suggesting the in vivo sensitization was led by β-catenin. The
dissected tumor mass also showed no difference in the KM12 cells but
significant decrease in the KM12-MT cells by the treatment of
GSK705 (right). *P < 0.01 compared to control. Students’ t-test, two
sides. The mice were randomized for treatment, with investigator

blinded for tumor measurements. b Positive association of β-catenin/
TCF transcriptional activity with IGF-1R signaling in colon cancers.
Differential expression of IGF-1R and IGF2 along expression level of
Wnt-regulated genes in 328 TCGA COAD tissue samples. The tumor
tissue samples were classified into “high” and “low” groups (25th and
75th percentiles) along expression level of LEF1, CCND1, LGR5,
AXIN2, TCF7, and MYC genes, known targets of β-catenin/TCF
signaling, respectively. In a box plot, each horizontal line of the rec-
tangle indicates the first quartile, median, and third quartile from the
bottom to top. A vertical line extended from the rectangle means the
minimum and maximum values, except outliers (the supplement
methods). The colon tumors highly expressing β-catenin/TCF target
genes express more the IGF-1R and IGF2 significantly except MYC
expressing tumors. Students’ t-test, two sides
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