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Abstract

FOXC2, a member of the forkhead box family of transcription factors, is an emerging oncogene that has been linked to several
hallmarks of cancer progression. Among its many oncogenic functions is the promotion of drug resistance, with evidence sup-
porting roles for FOXC2 in escape from broad classes of chemotherapeutics across an array of cancer types. In this Mini-Review,
we highlight the current understanding of the mechanisms by which FOXC2 drives cancer chemoresistance, including its roles in
the promotion of epithelial-mesenchymal transition, induction of multidrug transporters, activation of the oxidative stress
response, and deregulation of cell survival signaling pathways. We discuss the clinical implications of these findings, including strat-
egies for modulating FOXC2-associated chemoresistance in cancer. Particular attention is given to ways in which FOXC2 and its
downstream gene products and pathways can be targeted to restore chemosensitivity in cancer cells. In addition, the utility of
FOXC2 expression as a predictor of patient response to chemotherapy is also highlighted, with emphasis on the value of
FOXC2 as a novel biomarker that can be used to guide therapeutic choice towards regimens most likely to achieve clinical benefit
during frontline therapy.
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to improve the chemosensitivity of cancer cells by interfering
with or bypassing FOXC2-associated mechanisms of drug
resistance.

Introduction

The forkhead box transcription factor FOXC2 is a well-
documented oncogene that is capable of driving several hall-
marks of cancer progression.! A critical regulator of diverse
physiologic processes in both embryonic and adult tissues,
FOXC2 often becomes dysregulated in cancer cells, where its
elevated expression and abnormal subcellular localization are
poor prognostic factors for many cancer types.> First recog-
nized as a putative oncogene after it was found to play a
central role in the epithelial-mesenchymal transition (EMT)
program that precedes cancer cell invasion and metastasis,’
FOXC2 has since been linked to a variety of other oncogenic
activities, including tumor cell proliferation, deregulated
tumor metabolism, angiogenesis, and drug resistance.' In this
mini-review, we bring special attention to FOXC2’s emerging

FOXC2-Associated Mechanisms of Resistance
to Chemotherapy

Dysregulated FOXC?2 gene expression in tumor tissue is a poor
predictor of patient response to diverse families of chemother-
apeutic agents, including various antimetabolites and platinum-
based as well as non-platinum-based alkylating agents. Indeed,
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role in cancer chemoresistance, highlighting specific mecha-
nisms by which this transcription factor confers resistance to
a range of chemotherapeutic agents. We also discuss strategies
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our recent analysis of RNA-sequencing data from The Cancer
Genome Atlas revealed elevated FOXC2 gene expression as a
poor prognostic indicator of therapeutic responsiveness for
several  epithelial- and  non-epithelial-derived  cancers.*
Additionally, though most tissue microarray studies to date
have reported only on the link between FOXC2 protein expres-
sion/subcellular localization and standard clinicopathological
features,' one group has reported a correlation between elevated
FOXC2 protein expression in non-small-cell lung cancer
(NSCLC) tissue and resistance to cisplatin.® In keeping with
these clinical observations, several experimental studies have
documented a direct role for FOXC2 in tumor cell resistance
to a number of widely used chemotherapy drugs (Table 1).
With similar data emerging across an array of cancer types,
the link between FOXC2 and chemoresistance has propelled
research efforts to better understand the mechanisms of
FOXC2-associated drug resistance. Collectively, these studies
have revealed diverse processes by which FOXC2 and many
of its target gene products act to confer broad protection from
a range of chemotherapeutic agents (Figure 1).

Promotion of EMT and Cancer Cell Stemness

Phenotypic plasticity is an emerging hallmark of cancer that is
regulated by a number of tumor-intrinsic pathways and sur-
rounding microenvironmental factors. Accumulating evidence
supports the significant role for nonmutational epigenetic repro-
graming as a driver of this plasticity, which is critical to various
aspects of tumor progression, including acquisition of drug
resistance.'” Of note, the EMT program that drives invasion/
metastasis and cellular dedifferentiation toward a cancer stem
cell (CSC)-like state is a particularly well-studied driver of phe-
notypic plasticity and drug resistance in cancer.'® Importantly,
as one of several EMT transcription factors, FOXC2 supports
this program by regulating the expression and activity of
several key EMT genes and gene products. First, FOXC2 is a
key mediator of the E-cadherin/N-cadherin switch that is char-
acteristic of this program. In addition to functioning as a direct
inducer of the CDH2 gene encoding N-cadherin,'® FOXC2 also
acts as an indirect negative regulator of E-cadherin by suppress-
ing expression of p/20-ctn, a gene whose protein product oth-
erwise stabilizes membrane expression of E-cadherin on
epithelial cells.”**' The significance of these findings to
FOXC2-associated drug resistance is underscored by other
studies that have specifically documented increased cisplatin
resistance in ovarian cancer cells exhibiting a FOXC2-dependent
EMT-like phenotype.'*** Importantly, one of these studies
found that the FOXC2-mediated EMT program in drug-resistant
cancer cells was driven by activation of the ERK and AKT signal-
ing pathways. It has also been shown that FOXC?2 drives stemness
in cells undergoing EMT, and Hollier et al'> reported a link
between stem-like properties, paclitaxel resistance, and
FOXC2-mediated induction of platelet-derived growth factor
receptor § (PDGFR) signaling in stem cell-enriched immortalized
mammary epithelial cells and CSC-like, claudin-low breast cancer
cells. Together, these studies suggest that there may be potential for

selectively targeting hyperactive signaling pathways in CSC and
cells undergoing EMT as a means of reversing FOXC2-mediated
drug resistance (described in more detail below).

Induction of Multidrug Transport Pumps

ATP-binding cassette (ABC) transport pumps comprise a large
family of membrane proteins that play significant roles in xeniobi-
otic detoxification and efflux.”® Often upregulated in
multidrug-resistant cancer cells, ABC transporters themselves are
particularly challenging to target due to the toxicity associated
with inhibitors that also disrupt their normal metabolic and trans-
port functions in healthy cells. As a result, efforts have been made
to identify factors that induce ABC transporter expression in
cancer cells so that alternative targets that can more specifically
limit ABC activity in the context of cancer might be found. In
this regard, bioinformatic analyses have shown that promoter
sequences for several ABC transporter genes harbor consensus
sequences for forkhead-binding domains (Table 2). Consistent
with this finding, retroviral overexpression of FOXC2 in both
the MCF7 breast cancer cell line and in immortalized human
mammary epithelial cells induced expression of many of these
genes (including ABCCI, ABCC3, and ABCCS) and drove resis-
tance to the anthracycline drug doxorubicin.” Another study
found that FOXC2 knockdown in human osteosarcoma cells
results in loss of ABCG2 expression.** Our group has also reported
reduced Abch4 gene expression in a gene-edited, FOXC2-deficient
murine melanoma model.?> Others have reported anecdotal obser-
vations that likewise implicate FOXC2 in the regulation of various
ABC transporters. For instance, FOXC2 upregulation in oral
cancer cell lines that acquire stem-like properties following expo-
sure to areca nut extract coincides with increased ABCG2 gene
expression.”® Similarly, in vivo studies with gastric cancer patient-
derived xenografts have shown that treatment with various chemo-
therapeutics triggers expression of the IncRNA FENDRR, a
known positive regulator of FOXC?2 expression, and this induction
correlated with enhanced expression of ABCB/ in tumor tissue.
Though the specific role of the ABCBI transporter in chemoresist-
ance was not directly evaluated in this study, it is worth noting that
FOXC? expression did drive multidrug resistance against doxoru-
bicin and 5-fluorouracil in both in vitro and in vivo settings.® In
related work, FOXC2 stabilization by another IncRNA,
FOXC2-ASI, also led to increased ABCBI expression and sup-
ported doxorubicin resistance in osteosarcoma cells.”*’
Together, these findings highlight the FOXC2-ABC transporter
axis as a broad mechanism by which cancer cells develop multi-
drug chemoresistance during tumor progression.

Regulation of the Oxidative Stress Response

Another means by which FOXC2 facilitates xenobiotic metab-
olism is through activation of the oxidative stress response. As
many chemotherapeutics rely at least in part on mechanisms of
action that involve the induction of oxidative stress,
FOXC2-mediated detoxification of reactive oxygen species
(ROS) is particularly relevant to cancer chemoresistance.
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Table 1. Chemotherapeutic Agents for Which FOXC2-driven Resistance is Experimentally Validated.

Chemotherapeutic Cell Type

Experimental Findings

References

Immortalized HMLE cells

Gastric cancer cell lines (SGC7901
variants)

Osteosarcoma cell lines (MG-63,
KH-OS)

Basal-like breast cancer cell line
(MDA-MB-231)

Gastric cancer cell lines (SGC7901
variants)

Doxorubicin

Epirubicin

5-fluoruracil

FOXC2 overexpression promoted in vitro resistance

FOXC2 knockdown enhanced in vitro sensitivity; also improved in Liu et al.®
vivo responsiveness of patient-derived xenografts

FOXC2 knockdown enhanced in vitro sensitivity; also improved in Zhang et al.’
vivo responsiveness of patient-derived xenografts

FOXC2 knockdown enhanced in vitro sensitivity

Saxena et al.”

Cai et al.'°

FOXC2 knockdown in gastric cancer cell lines enhanced in vitro Liu et al.®
sensitivity

Basal-like breast cancer cell line FOXC2 knockdown enhanced in vitro sensitivity Cai et al.'”
(MDA-MB-231)
Colon carcinoma cell line (HCT116) FOXC2 knockdown enhanced in vitro sensitivity Yang et al."!
Cisplatin Basal-like breast cancer cell line FOXC2 knockdown enhanced in vitro sensitivity Cai et al.'
(MDA-MB-231)
Ovarian cancer cell line (SKOV3) FOXC2 overexpression enhanced resistance of cell line in vitro and Li et al.'?
patient-derived xenograft in vivo; FOXC2 knockdown improved
drug sensitivity in both settings
NSCLC cell lines (A549, H460, FOXC2 knockdown enhanced in vitro sensitivity, whereas FOXC2 He et al.’
H1299) overexpression promoted in vitro resistance; FOXC2 knockdown
also improved in vivo responsiveness of patient-derived
xenografts
Oxaliplatin Colon carcinoma cell line (HCT116) FOXC2 overexpression enhanced in vitro resistance; FOXC2 Chen et al."?
knockdown improved drug sensitivity in vitro and in
patient-derived xenografts in vivo
Paclitaxel Basal-like breast cancer cell line FOXC2 knockdown enhanced in vitro sensitivity Cai et al.'®
(MDA-MB-231)
Nasopharyngeal carcinoma cell lines FOXC2 knockdown enhanced in vitro sensitivity, whereas FOXC2 Zhou et al.'*
(CNE2) overexpression promoted in vitro resistance; FOXC2 knockdown
also improved in vivo responsiveness of patient-derived
xenografts
RAS-transformed HMLE cells; HMLE FOXC2 knockdown enhanced in vitro sensitivity; FOXC2 Hollier et al.'®
cells induced to undergo EMT overexpression promoted in vitro resistance
Docetaxel Prostate cancer cell lines (LNCaP, FOXC?2 overexpression promoted in vitro resistance; FOXC2 Paranjape et al.'®

DU145)

knockdown enhanced in vitro sensitivity

Abbreviations: NSCLC, non-small-cell lung cancer; EMT, epithelial-mesenchymal transition.

Interestingly, ROS accumulation itself enhances the
DNA-binding potential and transcriptional activity of FOXC2
by activating SENP3, a redox-sensitive protease that
de-SUMOylates the transcription factor at 2 critical lysine residues
in the protein’s central regulatory domain.'® FOXC2 in turn drives
the expression of several genes known to contribute to the oxida-
tive stress response. Indeed, FOXC2 directly activates the expres-
sion of the gene encoding HIF-1a,*® a critical regulator of
chemoresistance that has specifically been shown to protect cells
from oxidative stress-induced apoptosis.>>*° Other oxidative
stress response genes that are regulated, either directly or indi-
rectly, by FOXC2 in cancer cells include the oxidoreductase
gene NQOOI and genes encoding glutathione S-transferases
(Gstkl, Gstm4, Gstm5, Gsttl), glutathione reductase (Gsr), perox-
iredoxin 2 (Prdx2), and paraoxonase 3 (Pon3). 3!

Work in non-tumor models also supports important roles for
FOXC2 in the oxidative stress response. In macrophages cultured
in the presence of oxidized low-density lipoprotein, FOXC2 over-
expression was found to enhance glutathione peroxidase activity,

reduce ROS accumulation, and protect cells from oxidative
stress-induced cell death.*> FOXC2 also alleviated myocardial
injury in a rat model of myocardial ischemia-reperfusion by acti-
vating the superoxide dismutase genes SODI and SOD2, both
of which have well-characterized antioxidant functions. This
same study also found that oxidative stress-related cellular injury
to H9¢2 cardiomyocytes following hypoxia/reoxygenation could
be alleviated by FOXC2 through its activation of the NRF2/
heme oxygenase-1 signaling pathway.>* Though future studies
are necessary to determine whether these specific mechanisms
also confer resistance to chemotherapy-induced oxidative stress
in cancer cells, it is clear that FOXC?2 is capable of activating a
variety of detoxification mechanisms that have the potential to
limit the efficacy of ROS-inducing chemotherapeutics.

Activation of Pro-Survival Cell Signaling Pathways

In addition to its direct influence over drug metabolism and
efflux, FOXC2 also interferes with the antitumor activities of
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Figure 1. FOXC2-mediated chemoresistance in cancer. Dysregulation of FOXC2 in cancer cells activates a tumor-promoting transcriptional
program that drives several hallmarks of cancer progression. Among the protumor functions of this transcription factor, resistance to
chemotherapy is achieved through FOXC2-regulated gene products and pathways that activate, EMT, the ATP-binding cassette (ABC) multidrug
transport system, the oxidative stress response, and prosurvival signaling.

various chemotherapies by supporting the activation of pro-
survival signaling pathways. Li et al'> found that
FOXC2-mediated activation of both the PI3K-AKT and
MAPK pathways drives ovarian cancer resistance to cisplatin.
FOXC2 expression levels did not influence the overall expres-
sion of AKT or ERK but did increase the extent of their phos-
phorylation, which was accompanied by elevated expression of
the anti-apoptotic factor BCL-2 and downregulation of the
pro-apoptotic factors BAX and cleaved caspase 3. This
FOXC2-associated shift in apoptosis-regulating factors in
cisplatin-resistant cells was dependent on the activation of the
PI3K-AKT and MAPK pathways, as these effects were
completely reversed when cells were treated with AKT and
MAPK/ERK inhibitors. Similar results have also been reported

in models of NSCLC and colorectal cancer, where AKT- and/or
MAPK-dependent resistance to cisplatin, oxaliplatin, and
S5-fluorouracil has been found to be mediated by
FOXC2.%'"!3 Though the mechanism(s) by which FOXC2
promotes MAPK signaling has yet to be elucidated, insight
into FOXC2-dependent activation of PI3K-AKT signaling
was recently provided by Lin et al,** who found that FOXC2
binds directly to the promoter of the STC! gene encoding stannio-
calcin 1, a glycoprotein that interacts with the integrin ITGB6 to
stimulate PI3K signaling. Of note, silencing of either STC/ or
ITGB6 expression in ovarian cancer cell lines increased their sen-
sitivity to cisplatin, highlighting stanniocalcin 1 and ITGB6 as
important intermediaries in a FOXC2-STC1-ITGB6-PI3K signal-
ing axis that promotes cancer chemoresistance.
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Table 2. ATP-Binding Cassette (ABC) Transporter Genes With Promoter Consensus Sequences for Forkhead Binding Domains.

ABC Transporter # of Forkhead Consensus Regulation by FOXC2

gene Sequences in Promoter® Validated Method of Validation Reference

ABCA2 2 v Induced by overexpression of FOXC2 in MCF7 ~ Saxena et al.”
cells

ABCA3 6

ABCBI 22 v Suppressed by FOXC2 knockdown in MG63/  Zhang et al.’
DXR and KH-OS/DXR cells

ABCB4 7 v Diminished expression in FOXC2-deficient, Hargadon
gene-edited B16-F1 cells et al.?®

ABCBS5 13

ABCBI11 12

ABCCI 12 v Induced by overexpression of FOXC2 in MCF7 ~ Saxena et al.”
and HMLE cells

ABCC2 13

ABCC3 2 v Induced by overexpression of FOXC2 in MCF7  Saxena et al.”
and HMLE cells

ABCC4 3 v Induced by overexpression of FOXC2 in MCF7  Saxena et al.”
and HMLE cells

ABCCS 9 v Induced by overexpression of FOXC2 in MCF7  Saxena et al.”
cells

ABCC6 11

ABCCI0 14

ABCCl11 23

ABCCI2 9

ABCG2 12 v Suppressed by FOXC2 knockdown in U20S Gozo et al.?*
cells

Data on forkhead binding domain consensus sequences from Saxena et al.”

35,36

Strategies to Combat FOXC2-driven
Chemoresistance in Cancer

Insight into the prognostic value of FOXC2 expression in
cancer in recent years has highlighted the pervasive significance
of this transcription factor as a correlate of chemoresistance and
cancer progression. These findings have important implications
for cancer therapy going forward, offering a guide to new strat-
egies that aim either to overcome or to bypass
FOXC2-mediated drug resistance in cancer cells (Figure 2).

Targeting the FOXC2 Transcription Factor to
Restore Cancer Chemosensitivity

Based on FOXC2’s ability to drive chemoresistance by diverse
mechanisms, one approach to restore the chemosensitivity of
cancer cells expressing this transcription factor is to couple
standard chemotherapy regimens with an agent that specifically
targets FOXC2 itself. An attractive prospect, therapeutically
targeting transcription factors has historically proven difficult
for a number of reasons. First, unlike the deep pockets of
enzyme active sites that have traditionally been the focal
point of targeted therapies, the more flattened and heavily
charged surfaces that mediate the critical protein—protein and
protein—-DNA interactions of transcription factors are challeng-
ing topologies to target with small molecule inhibitors.
Nevertheless, several strategies for inhibiting transcription
factors in the context of cancer have emerged in recent

years, and FOXC2 is now one of an increasing number
of transcription factors for which targeted drugs have been
developed. MC-1-F2 is a small molecule inhibitor of FOXC2
recently described by Castaneda et al,>’ who reported several
antitumor functions of the compound in breast cancer cell
lines expressing high levels of FOXC2. Specifically,
MC-1-F2 treatment impaired nuclear localization of FOXC2
and triggered its proteasomal degradation. In various in vitro
assays, these effects led to decreases in cancer cell viability,
colony-forming capacity, migration, and invasion. In addition
to these functional consequences, exposure to this inhibitor
also promoted a phenotypic reversal of properties normally
associated with EMT and CSC.

A second challenge associated with targeting transcription
factors for therapeutic purposes arises from the fact that these
proteins often regulate a vast array of target genes. As such,
there is concern that drugs that disrupt such pleiotropic func-
tions may have unintended and deleterious consequences in
healthy tissues. In this regard, the fact that MC-1-F2 shows
minimal activity in breast cancer cells that express only low
levels of FOXC2 suggests that this inhibitor may exhibit little
to no toxicity in cells with steady-state levels of FOXC2,
making this drug potentially well-suited for selective use
against cancers with elevated FOXC2 expression.>” Though
the drug has yet to be evaluated in vivo, and though it has
not been assessed for its impact on cancer cell chemosensitivity
to date, current data suggest that MC-1-F2 may indeed have a
tolerable safety profile, and it is reasonable to expect that this
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Figure 2. Overcoming FOXC2-mediated chemoresistance in cancer. Mechanistic insights into FOXC2’s regulation of chemotherapy resistance
suggest several strategies for improving drug sensitivity in cancer cells. Chemosensitivity may be increased by directly targeting FOXC2 with
molecular inhibitors such as MC-1-F2, which interferes with FOXC2 nuclear localization and promotes proteasomal degradation (left).
Alternatively, FOXC2-regulated gene products or pathways can be targeted to support responsiveness to chemotherapy, as has been achieved
with RTK, MAPK, and AKT inhibitors (middle). Finally, FOXC2-mediated resistance mechanisms can be bypassed in cancer cells by screening
biopsy samples for overexpression of this transcription factor and selectively employing chemotherapeutics whose mode of action is independent
of the biological consequences triggered by hyperactive FOXC2 (right).

inhibitor will interfere at least to some degree with
FOXC2-dependent drug resistance mechanisms. Therefore,
future studies that assess whether this and related drugs might
improve cancer responsiveness to chemotherapy are warranted,
and it will be interesting to assess whether such combinatorial
approaches might even reduce chemotherapy-associated toxic-
ities by lowering the dosing threshold required for certain che-
motherapeutics to achieve their anticancer effects.

Finally, the functional redundancy of many transcription
factors has the potential to compromise the efficacy of therapeu-
tic strategies targeting any one specific protein. Functional redun-
dancy has indeed been reported among the 50 members of the
FOX transcription factor family in humans. While it is not
always the case, this redundancy is most typically seen across
members of specific subfamilies, though, and there are only 2
such members (FOXC1 and FOXC2) within the FOXC
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subfamily.*® Nevertheless, FOXC]1 dysregulation in cancer has
indeed been associated with many of the same oncogenic prop-
erties of FOXC2, including being implicated in the acquisition
of drug resistance.**** Therefore, comprehensive expression
profiling of both FOXC1 and FOXC2 (as well as other FOX
family members that have been linked to drug-resistant pheno-
types) may be necessary to determine whether targeting
FOXC2 specifically is likely to achieve any clinical benefit.

Targeting FOXC2-regulated Gene Products
and Pathways to Restore Cancer
Chemosensitivity

As an alternative to directly targeting FOXC?2 itself, it is also possible
to target many of the gene products and pathways regulated by this
transcription factor. Indeed, molecular insights into the basic biology
of FOXC2 have revealed a number of potential downstream targets
that are already “druggable” with FDA-approved small molecule
inhibitors. For instance, sunitinib is an FDA-approved inhibitor of
PDGFR, a growth factor receptor directly regulated by FOXC2,
and this drug reduces both primary tumor outgrowth and metastatic
burden in mice challenged with FOXC2-expressing tumor cells."
Though this study did not evaluate whether sunitinib treatment of
FOXC2-expressing tumors might also enhance chemotherapeutic
efficacy, other studies have found that targeting FOXC2-activated
pathways does enhance cancer chemosensitivity. For instance, target-
ing the PI3K-AKT pathway with an AKT inhibitor enhances the sen-
sitivity of FOXC2-overexpressing lung adenocarcinoma cells to
cisplatin,® and a MAPK/ERK inhibitor has similarly been shown
to enhance the responsiveness of FOXC2-overexpressing colorectal
cancer cells to oxaliplatin."> Collectively, these studies highlight the
potential for synergism between chemotherapy and targeted regi-
mens that specifically antagonize FOXC2-activated pathways. As
we continue to advance this era of precision oncology, selective
use of such combinatorial regimens may prove particularly beneficial
against cancers screened for elevated FOXC2 expression.

Using FOXC2 Expression as a Biomarker to
Guide Therapeutic Choice

As an alternative to those approaches that aim to overcome
FOXC2-mediated drug resistance, insight into FOXC2 expres-
sion levels in tumor biopsy specimens may at the very least
serve as a useful biomarker to inform therapeutic choice for cli-
nicians. Several studies have documented the prognostic signif-
icance of FOXC2 RNA and protein expression levels for patient
response to particular chemotherapeutics,'* and these data can
guide oncologists toward regimens for which FOXC2 is not
associated with resistance. For example, because FOXC2 has
been shown to confer resistance to several drugs that rely at
least in part on the induction of oxidative stress, patients
whose tumors express high levels of FOXC2 might respond
better to frontline treatment with chemotherapies that achieve
anti-cancer activity by ROS-independent mechanisms of
action. In this way, rather than overcoming FOXC2-associated

mechanisms of drug resistance, such an approach may instead
bypass FOXC2-mediated resistance to specific chemotherapies,
thus increasing the likelihood of a successful response to front-
line treatment.

Conclusions

Since it was first described as an oncogenic transcription factor
in 2007, FOXC2 has emerged as a critical regulator of several
hallmarks of cancer progression.' In addition to supporting pro-
cesses that include tumor cell proliferation, metastasis, and met-
abolic adaptation, FOXC2’s ability to drive resistance to broad
classes of chemotherapeutics is particularly problematic in the
clinical management of cancer. Importantly, work over the
last decade has provided useful insight into the genes and path-
ways regulated by this oncogenic transcription factor, and these
studies have revealed diverse mechanisms by which FOXC2
mediates cancer chemoresistance. These research efforts are
now paving the way for novel approaches to enhance cancer
cell chemosensitivity, either by interfering with or by bypassing
FOXC2-associated mechanisms of drug resistance. Going
forward, preclinical and clinical studies designed to evaluate
the therapeutic strategies described herein will improve our
ability to (1) target FOXC2 and its associated pathways as
part of combinatorial regimens with chemotherapy and (2)
utilize FOXC2 as a predictive biomarker to guide appropriate
treatment at the time of diagnosis. Together, advances in
these areas of precision medicine are likely to improve clinical
outcomes for many cancer patients in the future.
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