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Epithelial cancers (eg, head & neck, colorectal, lung) are common  
and have a poor prognosis, despite an established treatment target  
(eg, epidermal growth factor receptor [EGFR])1–3 

Head and neck cancer (H&N), colorectal cancer (CRC), non-small cell lung cancer, (NSCLC), and other epithelial 
cancers represent a major challenge in oncology. These cancers, collectively known as carcinomas, originate 
in the epithelial cells that line the surfaces and organs of the body.4–7 Head and neck cancer, colorectal cancer, 
and non-small cell lung cancer are among the most prevalent. They share common risk factors (eg, tobacco, 
alcohol) and roughly half of patients experience recurrence following initial treatment.5–8 In the United 
States alone, these 3 epithelial cancers account for about 450,000 new cases and 200,000 deaths annually,9 

underscoring the urgent need for new 
insights and dynamic treatment strategies.

Patients with these cancers often 
experience metastasis, which carries a  
poor prognosis: 5-year survival rates for 

metastatic (distant) disease are 36% for head and neck cancer, 17% for colorectal cancer, and 9% for lung 
cancer.9 Systemic treatment options are available for these tumor types and EGFR (epidermal growth factor 
receptor) is a known therapeutic target.1,2,10

EGFR overexpression is typical of these cancers (ranging from 40% to 90%11–13), and helps drive tumor growth, 
invasion, and therapy resistance.2,10,14,15 This makes EGFR an obvious target for epithelial cancers and there 
are EGFR-targeted therapies available. Monoclonal antibodies and tyrosine kinase inhibitors have become 
standard in many treatment algorithms. 
Unfortunately, these cancers  
routinely develop resistance to  
EGFR-targeted therapy over time.1,2 

Epithelial cancers: common prevalence,  
dynamic biology
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FAST FACT Head and neck cancer, colorectal cancer, 
and non-small cell lung cancer account for ~450,000 
new cases and 200,000 deaths each year in the U.S.3

CLINICAL CONTEXT EGFR overexpression occurs in 
40%–90% of these epithelial cancers.11–13

Head and Neck 
(H&N)

Colorectal
(CRC)

60%–80% overexpress EGFR12>90% overexpress EGFR11 40%–89% overexpress EGFR13

Lung
(NSCLC)



Multiple hallmarks contribute to the pathogenesis of epithelial tumors 
and plasticity has emerged as a critical factor in cancer pathogenesis

Cancer is not a static disease. It evolves, adapts, and resists as it progresses. This dynamism is driven by 
multiple hallmarks including the familiar (such as proliferation and metastasis), but also the newly understood 
hallmarks.16–20 Plasticity, or a cell’s ability to change type and behavior, is now recognized as a critical driver of 
cancer pathogenesis.16

Plasticity allows cancer cells to reprogram 
themselves using stem-cell–like 
abilities normally restricted to tissue 
regeneration.16,18 Cancer cells with  
plasticity can self-renew, change identity, 
and transition between proliferative  
and dormant states—all of which can 
contribute to tumor growth, resistance,  
and metastasis.16,21–24

Plasticity helps cancer survive. But it 
goes beyond that to help cancer thrive. 
Cancer cells with stem-like properties can adapt to stress in the tumor microenvironment, resist targeted 
therapies, and seed new tumors in distant organs.16,21–24 This may complicate treatment and contribute to poor 
outcomes. Cancers that initially respond to therapy may later recur or metastasize.16,21–24

Plasticity is a critical hallmark  
of pathogenesis
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FAST FACT Plasticity allows cancer cells to  
‘reprogram’ themselves, switching between  
proliferative/dormant and stationary/mobile.16,21–24

CLINICAL CONTEXT Cancer cells with plasticity  
can adapt to stress, resist targeted therapies,  
and seed new tumors in distant organs.16,21–24

Normal cell Cancer cell Cancer cell with plasticity
(stem-cell–like capabilities)

Tumor expansion
(heterogeneous cell mass)



Plasticity, in the form of epithelial–mesenchymal transition, is an 
established resistance mechanism for EGFR-targeted therapy25,26

Although EGFR overexpression is a well-established driver of cancer progression, targeting EGFR itself  
can result in resistance after initial response.2,16–18 One of the most well-known mechanisms of resistance is  
epithelial–mesenchymal transition (EMT), a form of plasticity that can make cancer cells nonresponsive to  
EGFR-targeted therapy.25,26

Epithelial–mesenchymal transition is a biological 
process that causes epithelial cells to lose some 
of their foundational characteristics (such as cell-
to-cell adhesion), while simultaneously gaining 
mesenchymal capabilities (such as motility).18 
This transition allows cancer cells to escape 
the limitations of their original form and adopt 
a mobile, metastatic phenotype. Taking on a 
mesenchymal phenotype gives cancer cells the 
ability to evade treatments directed at epithelial 
cells, thereby becoming resistant to EGFR-
targeted therapy.25,26

Other resistance mechanisms include EGFR kinase mutations (which interfere with drug-binding) and 
downstream mutations (which activate alternative signaling pathways).25,26 These adaptations not only affect 
the response to EGFR inhibitors but also contribute to disease progression and metastasis.

Plasticity makes treatment  
resistance possible
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FAST FACT Epithelial–mesenchymal transition  
is a process that allows epithelial cancer cells  
to lose their stationary traits to instead become  
more mobile.16

CLINICAL CONTEXT Epithelial–mesenchymal  
transition is an established resistance mechanism  
to EGFR-targeted therapy.25,26

EGFR mutations Downstream mutations Cell transition

Mutated EGFR

Resistance mechanisms for EGFR-targeted therapy25,26



Plasticity drives epithelial cancer progression by orchestrating the action 
of other hallmarks16 

Cellular plasticity is a dynamic capability; it commands and manipulates other cancer hallmarks, including 
proliferation, dormancy, invasion, and metastasis.16 This allows cancer cells to shift between phenotypes and 
behaviors, which can help them survive, adapt, and thrive even under therapeutic pressure.

Plasticity allows epithelial cancer cells to transition between proliferative and dormant states, enabling 
resistance to cancer therapy. Further, plasticity can drive metastasis by exploiting proteins that support tissue 
repair and homeostasis.16 Existing in a hybrid state, cancer cells with plasticity can have both epithelial and 
mesenchymal features, which is a hallmark of aggressive, treatment-resistant disease.27 This dynamic identity 
enables them to migrate and re-establish tumors in distant organs.

Cancer cells with plasticity represent a small but powerful sub-population that can create tumors and drive 
metastasis.22,28–32 These cells are both durable and enduring, making them uniquely suited to seed both 
primary and secondary tumors. In fact, epithelial cells with stem-like properties can be the cells of origin for 
many carcinomas, including ones that recur or metastasize.30,33,34

Plasticity regulates other cancer hallmarks
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LGR5 is associated with cell plasticity in epithelial tissue and cancer cells that 
acquire LGR5 expression can be the cell of origin for epithelial tumors30,31,35,36

Throughout the body are adult stem cells that replace dead or lost cells (eg, epithelial, blood, muscle, liver).37,38 
In epithelial tissue, adult stem cells are recognized by the expression of LGR5 (leucine-rich repeat-containing 
G-protein coupled receptor 5).30,35,39 Normally, LGR5-positive adult stems cells are a small population in the 
basal crypt of the intestinal epithelium,36,39–43 where they help replace epithelial cells lost to shedding.39–43 LGR5 
functions similarly in oral tissue where it supports tissue homeostasis,44 and in lung tissue where it supports 
alveolar differentiation.45,46

What makes LGR5 such a powerful regulator of plasticity? LGR5 combines characteristics of longevity, potency, 
and signaling. It is a seven-transmembrane G-protein coupled receptor (GPCR) involved in stem-cell signaling 
and proliferation.31,39,47,48 LGR5 is a receptor for R-Spondins (RSPOs), which are stem cell growth factors and 
potent signal enhancers.30,35,39 LGR5-positive cells are self-renewing and long-lived (surviving for more than  
6 months).36,40–42,48,49

LGR5-positive cells are normally a small population, comprising about 6% of the cells in the basal crypt of 
the intestinal epithelium.36,39–42 However, in the initial stages of tumorigenesis, the percentage of these cells 
increases 10-fold (~70%), which can give cancer the ability to proliferate and differentiate.30,31,36

LGR5 is associated with an amplification of 
plasticity, which can be tumorigenic
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Adult stem cells in epithelial tissue  
(LGR5-positive):

When epithelial cancer cells hijack  
LGR5-positive expression: 

Small population (eg, ~6% of intestinal crypt cells)36,39–42 Expanded expression (eg, ~70% of intestinal crypt cells)36

Maintains intestinal, oral, and lung tissue30,45,46 Accelerates stem cell signaling (Wnt/beta-catenin)30,34,47

Replaces cells lost to shedding39–42 Co-opts self-renewal for cancer progression28–31,33–36

Supports tissue homeostasis and wound repair30,40,41 Helps cancer grow, resist therapy, and spread28–31,33–36

•	 Receptor for R-Spondins (RSPOs)31,39,47,48

	– RSPOs are stem-cell growth factors and potent signal enhancers31,39,47,48

•	 Expressed in adult epithelial stem cells30,35,39

	– LGR5-positive cells are self-renewing and long-lived (>6 months)40–42,48,49

LGR5



Overexpression of LGR5 has been observed across epithelial cancers, and has been associated with poor 
outcomes.30,31,50–56 In colorectal cancer, LGR5 overexpression has been associated with a reduction in disease-
free survival (1-year) as well as increases in the risk of recurrence (5-year) and liver metastasis.51,52 In head 
and neck cancer, LGR5 overexpression is associated with lower overall survival (OS), and in non-small cell 
lung cancer, LGR5 expression is markedly elevated in tumor cells compared with healthy adjacent tissue.53,55 
LGR5 is a Wnt-target gene and activating 
mutations in the Wnt/beta-catenin signaling 
pathway are thought to drive dysregulated 
expression of LGR5.36
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CLINICAL CONTEXT Overexpression of LGR5  
has been associated with poor outcomes across  
epithelial cancers.31,39,47,48

Normal 
intestine

Early 
cancera

LGR5-positive (+)
epithelial cells

aAdenomas and well- or moderately differentiated adenocarcinomas.36

LGR5-positive cells 
are normally a 
small population 
in the basal 
crypt36,39–42

In colorectal 
tumorigenesis, the 
proportion of  
LGR5-positive cells

increases  
10-fold
Dysregulated 
expression of LGR5  
is thought to arise 
from activating 
mutations in stem  
cell signaling36



aThis evidence is based on the LGR family of proteins since direct evidence for LGR5 is lacking.

LGR5 contributes to pathogenic plasticity by accelerating Wnt/β-catenin 
signaling and triggering epithelial–mesenchymal transition30,34,47,57

Wnt/β-catenin signaling
Wnt signaling is a driver of normal stem cell behavior and is a well-established driver of tumorigenesis. This 
pathway causes a protein called β-catenin to accumulate in the nucleus.22,39,53 There it activates genes that 
promote proliferation and transformation, which cancer uses to drive progression, treatment resistance, and 
metastasis.15,39,54,58–61

LGR5 is thought to contribute to Wnt 
signaling by sequestering E3 ligases 
(enzymes that normally remove Wnt 
receptors from the cell surface).a This 
amplifies signal strength and sustains 

oncogenic activity.31,34 Because LGR5 is itself a Wnt-target gene,47 activating mutations in this pathway can 
unlock LGR5 expression.36

Epithelial–mesenchymal transition
Wnt signaling drives metastasis through epithelial–mesenchymal transition, a process that allows epithelial 
cancer cells to lose their normal characteristics (such as cell adhesion) and take on mesenchymal traits (such 
as motility).50,53,62 Acceleration of Wnt signaling induces epithelial–mesenchymal transition by upregulating 
transcription factors that control cell transformation.39,53,63,64 With this transition, cancer cells can leave the 
primary tumor site and invade distant tissues.22,39,53 Epithelial–mesenchymal transition associated transcription 
factors are upregulated in response to Wnt signaling and correlate with LGR5 expression.39,53,63,64

When cancer cells reach a new environment, 
they undergo mesenchymal–epithelial 
transition (MET), the complementary process 
that restores epithelial characteristics and 
enables initiation of metastatic  
epithelial tumors.24,65

The interplay between LGR5, Wnt/β-catenin signaling, and epithelial–mesenchymal transition/mesenchymal–
epithelial transition empowers tumor cells to invade other tissues and create new tumors.53,54,63,66

LGR5 accelerates stem cell signaling and 
triggers epithelial–mesenchymal transition
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FAST FACT LGR5 accelerates Wnt/β-catenin signaling,  
a pathway that can drive tumor growth, treatment 
resistance, and metastasis.19,28,36,50

TRANSLATIONAL CONTEXT Wnt signaling drives 
epithelial–mesenchymal transition, allowing cancer 
cells to leave the tumor and form metastases in other  
areas of the body.22,39,53



•	Proliferation
•	Metastasis (via EMT)
•	Resistance
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The presence of LGR5 
increases levels of β-catenin

Wnt target genes
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Preclinical data show that treatment with EGFR-targeted therapy 
increased expression of LGR523,42,67,68

Multiple independent studies have shown that treatment with EGFR-targeted agents increased LGR5 
expression in tumor cell models (mouse and human). This has been observed using both an EGFR-targeted 
antibody,23,67 as well as a receptor tyrosine kinase inhibitor (RTKi) against EGFR.42

Therapy directed at EGFR can boost  
LGR5 expression
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CLINICAL CONTEXT EGFR-targeted therapy can increase LGR5 
expression, but transitioning from an epithelial to mesenchymal cell 
type can result in LGR5 silencing and EGFR therapy resistance.28,29,35,73–75 

Is there a deadly dynamic between LGR5 and resistance to 
EGFR-targeted therapy?

Pathogenic plasticity in action

Increased expression of LGR5 
after treatment with an EGFR 
RTK inhibitor (iEGFR)42

(mouse intestinal organoid models)

Increased expression of LGR5 after treatment 
with an anti-EGFR monoclonal antibody23

(human colon cancer organoids)

Reprinted from Shimokawa M et al. Visualization and targeting of LGR5+ human 
colon cancer stem cells. Nature. 2017;545(7653):187-192, Copyright 2017, with 
permission from Springer Nature.

Reprinted from Basak O et al. Induced quiescence of Lgr5+ stem 
cells in intestinal organoids enables differentiation of hormone-
producing enteroendocrine cells. Cell Stem Cell. 2017;20(2):177-
190.e4, Copyright 2017, with permission from Elsevier.
aEpidermal growth factor, Noggin, and R-spondin-1 (ENR).

a

Epithelial cancers treated with EGFR-targeted therapy can develop resistance by undergoing epithelial-
mesenchymal transition.69–72 Interestingly, this cell transition is also known to result in the silencing of LGR5 

expression,35,73–75 
suggesting the possibility 
of a deadly dynamic 
between LGR5  
and resistance to  
EGFR-targeted therapy.



Changes in LGR5 expression allow cancer cells to resist treatment and 
metastasize35,73–76

Cancer cells change LGR5 expression to  
regulate disease progression 
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Epithelial cancer cells with plasticity35,36,39–42 Epithelial cancer cells with plasticity under stress29,74,76–78 

LGR5-positive LGR5-negative

Tumor initiating Mobile

Proliferative Dormant

Cell surface

LGR5-negative (–)
Mesenchymal / Dormant

LGR5-positive (+)
Epithelial / Proliferative

LGR5 silenced

Internal 
vesicle

Epithelial cancer cells are able to 
reversibly change LGR5 expression to 
resist treatment and metastasize.35,73–76 
This is possible because LGR5 is 
constantly internalized and replaced at 
the cell surface, allowing cancer cells 
to respond to changes in the tumor 
microenvironment.47,77–79 When cells are 
stressed (eg, cancer treatment, nutrient 
deprivation) they silence LGR5 expression 
and surface localization of LGR5 is 
reduced.77,78 This pauses proliferation, 
pushing cancer cells into a dormant, 
treatment-resistant state or a phenotype 
capable of migration and metastasis 
(mesenchymal).29,74,76–78

Switching between LGR5-positive and 
LGR5-negative states gives epithelial 
cancer cells the ability to change both 
phenotype and behavior: when cells 
are LGR5-positive, they are epithelial 
and proliferative; when cells switch to 
LGR5-negative, they are dormant with 
metastatic potential.This transition helps 
cancer cells survive therapy and spread 
throughout the body.35,73–75



Because LGR5 is a dynamic protein, developing an effective therapeutic 
strategy around it may require the integration of other targets23,28,31,50,80

The expression of LGR5 fluctuates during cancer progression. This dynamism makes LGR5 a powerful 
regulator of cancer and a challenging target to address.66,73,74

During metastasis, cancer cells 
strategically silence LGR5 expression, 
shedding their proliferative identity and 
adopting a mobile, mesenchymal-like 
phenotype.66,74 This transition allows them 
to evade therapy, survive in circulation, 
and infiltrate distant tissues.66,74

After establishing a secondary tumor site, the cells reactivate LGR5 expression to restore epithelial traits and 
enable tumor cell proliferation.66,74 The same is true when cancer cells expressing LGR5 are treated with anti-
cancer treatment; expression is silenced temporarily and then reactivated.29,73,76 This cycle of silencing and 
reactivation defines the plasticity that supports treatment resistance and disease progression.

Because LGR5 expression is dynamic, approaches that target it alone may not be effective for long-term 
control of epithelial cancers. Successfully using LGR5 as a therapeutic target may require the inclusion of other 
approaches or pathways.23,28,31,50,80

LGR5 has emerged as a compelling 
therapeutic target with dynamic properties
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FAST FACT LGR5 expression can turn on and off in cancer 
cells. When it is “on,” cells multiply. When it is “off,” cells travel, 
hide, and then re-emerge.35,73–75 These on/off dynamics 
occur during epithelial-mesenchymal transition, which is a 
resistance mechanism for EGFR-targeted therapy25,26,66,74



LGR5 is a moving target
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LGR5 expression silencedLGR5-positive cells

Primary tumor

Metastasis

LGR5-positive cells

Developing an effective therapeutic strategy 
around LGR5 may require the integration of 
other targets23,28,31,50,80
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•	 Epithelial cancers (eg, head and neck, 
colorectal, lung) are common and have 
a poor prognosis, despite an established 
treatment target (eg, EGFR)1–3

•	 Multiple hallmarks contribute to the 
pathogenesis of epithelial tumors and 
plasticity has emerged as a critical factor 
in cancer pathogenesis16

•	 Plasticity, in the form of epithelial–mesenchymal 
transition, is an established resistance 
mechanism for EGFR-targeted therapy25,26

•	 EGFR-targeted therapy increased 
LGR5 expression,23,42,67,68,a but these 
effects may be silenced by epithelial–
mesenchymal transition,66,74 a known 
EGFR resistance mechanism25,26

•	 Fluctuations in LGR5 expression 
enable treatment resistance and 
metastasis35,73–75

•	 Because LGR5 expression can fluctuate, 
developing an effective therapy around 
it may require the integration of other 
targets or pathways23,28,31,50,80

•	 Plasticity drives epithelial cancer 
progression—and does so by 
orchestrating other cancer hallmarks16

•	 LGR5 is an epithelial stem cell protein 
that enables plasticity, tumor initiation, 
and metastasis30,31,35,36,39–42

•	 LGR5 drives pathogenic plasticity by 
accelerating Wnt/β-catenin signaling 
and triggering epithelial–mesenchymal 
transition30,34,47,57
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