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Hip to the Game: YAP/TAZ is required for
nonmelanoma skin cancers
Matilde M Miranda1 & William E Lowry1,2,3,4

Basal cell carcinoma (BCC) and squamous
cell carcinoma (SCC) are the two most
common skin cancers found in humans.
These cancers can acquire drug resistance
and pose considerable medical burdens to
clinics and patients if left untreated. Two
recent studies show that active Hippo
signaling plays a critical role in initiating
BCC and SCC tumorigenesis, providing new
opportunities to develop therapies against
these skin malignancies.
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See also: D Maglic et al (September 2018)
and M Debaugnies et al (July 2018)

M aintenance of the skin barrier is a

complex process requiring intri-

cate signaling. When these signal-

ing processes are disrupted—usually

through environmental insults, i.e., sun

exposure, chronic inflammation, wounding

—the barrier can be compromised, increas-

ing the risks of dehydration, infection, irrita-

tion/inflammation, and cancer. The two

most common types of cancer—both of the

skin and amongst all cancers—are basal cell

carcinoma (BCC) and squamous cell carci-

noma (SCC). BCC is an invasive cutaneous

tumor characterized by its histological

appearance which resembles that of the

basal layer of the epidermis. SCC, on the

other hand, presents itself as scaly lesions

and is more aggressive, prone to recurrence

and metastasis.

Basal cell carcinoma and squamous cell

carcinoma are both thought to be caused by

homeostatic signaling pathway(s) gone

awry. One such signaling pathway that

regulates skin barrier function—which is

then exploited during skin tumorigenesis—is

the Hippo pathway and its downstream

effectors Yes-associated protein (Yap) and

transcriptional co-activator with PDZ-

binding motif (Taz; Varelas, 2014). The

Hippo pathway was initially identified

through a screen for regulators of organ size

in Drosophila and is an evolutionarily

conserved signaling pathway that coordi-

nates cell proliferation, apoptosis, and dif-

ferentiation. Several decades’ of research

has demonstrated that Hippo signaling and

its downstream effectors Taz/Yap are

influenced by extracellular cues such as

cytoskeletal changes and mechanical stress,

which guide the formation and maintenance

of tissues/organs.

In a tenuous balancing act, Hippo signal-

ing promotes the expansion and subsequent

differentiation of progenitor populations for

homeostasis. There is extensive evidence

showing that Hippo signaling controls skin

development and the sensation of cell crowd-

ing and crowd control. Hippo/Yap signaling

is sensitive to cytoskeletal dynamics to gener-

ate a stratified skin epithelium, skin barrier,

and hair follicle morphogenesis (Zhang et al,

2011). Upon moderate epidermal wounding,

Yap/Taz localizes to the wound area(s) and

stimulates stem cells to assist in re-epitheliali-

zation necessary for healing (Lee et al, 2014).

This same ability to drive widespread prolifer-

ation can result in unregulated skin expansion

and formation of tissue overgrowths found in

BCC and SCC diagnoses. Dysregulation of

Hippo signaling has been heavily implicated

in human cancers (Moroishi et al, 2015). In

BCC, Yap/Taz is oncogenic; hyperactivation

works in concert with other signaling path-

ways (such as Hedgehog, Wnt) to exacerbate

disease (Youssef et al, 2008; Akladios et al,

2017).

There are less data on the role of how

Hippo signaling regulates nonmelanoma

cancers in particular. In a related study

(Zanconato et al, 2015), Yap/Taz transcrip-

tional activity was found to drive prolifera-

tion not only in cancer cell lines but also in

human tumors. Elevated transcriptional

Yap/Taz signatures via the Ap-1 transcrip-

tional program correlated with tumor

aggressiveness, while in vivo studies of Yap/

Taz deficiency revealed an inhibition of

papilloma formation despite potent chemical

carcinogenesis.

Now, Debaugnies et al (2018) and Maglic

et al (2018) use well-thought-out experi-

ments and sophisticated molecular genetics

to evaluate the functional role(s) of Yap/Taz

in the pathogenesis of both SCC and BCC.

Their work capitalizes on the previous work,

but expands the role(s) of Yap/Taz in

mammalian BCC and SCC tumors to

highlight opportunities to develop more

advanced nonmelanoma therapies.

The current studies demonstrate that the

Hippo co-activators Yap/Taz are upregulated

in human BCC and SCC, and induce similar

gene signatures in both skin cancer subtypes

(see Fig 1). Maglic et al (2018) delve deeper

into the molecular role for Yap/Taz by

taking advantage of ChIP-SEQ to show Yap

must directly interact with DNA-binding

transcription factor Tead in BCC expansion.

Maglic et al (2018) then explored how cellu-

lar localization might influence disease

progression, and found nuclear Yap/Taz
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association yields more invasive tumors.

This phenomenon is not unique to BCC;

Debaugnies et al (2018) also observed acti-

vated Yap in invasive SCC and similar

Yap gene expression profile (in relation to

BCC).

Together, these studies add further to our

understanding of a well-characterized, but

underappreciated mechanism by which

nonmelanoma tumors use Hippo signaling

to progress from neoplasia to aggressive skin

growths. Importantly, both studies suggest a

molecular weakness that could be exploited

to possibly treat such malignancies. In

particular, Maglic used cell culture models

to highlight known inhibitors of Hippo/AP1

targets to slow proliferation based on what

was gleaned from their extensive molecular

analyses. In addition, these molecular exper-

iments also implicated the activation of

c-Jun (part of the AP1 complex) in BCC

tumorigenesis, ultimately contributing to

tumor formation. BCC cell lines were then

used to probe the role of the Jnk-Jun path-

way activity using SP600125, a Jnk1/2/3

inhibitor. BCC cell proliferation was

completed abolished with this treatment,

further implicating the role of c-Jun to prop-

agate BCC initiation, while also highlighting

a new opportunity to develop JNK-JUN

inhibitors in the fight against BCC.

Debaugnies et al (2018) propose extend-

ing these studies to include additional Hippo
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Figure 1. Aberrant Hippo signaling and downstream YAP/TAZ nuclear signaling are required for mammalian nonmelanoma skin cancers.
In normal tissue (left), skin cells temporarily express nuclear YAP/TAZ in order to expand cell population to maintain homeostasis or to facilitate wound healing. However,
overactive Hippo signaling initiates basal cell carcinoma (BCC) and squamous cell carcinoma (SCC) (right) due to YAP/TAZ overexpression, nuclear localization, and their
interaction with TEAD DNA-binding transcription factors.
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signaling members such as the Tead tran-

scription factors in skin tumorigenesis by

transgenic manipulation in the skin epithe-

lium. Taken together with the Maglic et al

(2018) findings, presumably it will be possi-

ble to block growth of BCC and SCC with

Yap/Taz/Tead manipulation, but further

molecular characterization will be required

to understand the extent of inputs and

outputs of this circuit in skin cancers.

While the findings of Zanconato et al

(2015) initially showed the relevance of

Hippo signaling in driving basal cell tumor

growth, the current studies went well

beyond this work to show that both BCC

and SCC tumors rely on Hippo/Yap signaling

for disease progression. Furthermore, the

extensive molecular characterization

performed by Maglic et al (2018) not only

shed light on the basic mechanisms of the

Hippo signaling pathway, but also provide

novel insights into the physical interactions

of Yap/Taz with the genome to exert their

effects on the transcriptional program of

cancer.

Targeting Hippo signaling would provide

a dual approach to combating NMSC, as

there have been cases of mixed tumors;

SCC presents in advanced BCC (Ransohoff

et al, 2015). The observations of Debaugnies

et al (2018) and Maglic et al (2018) offer

promising results for targeting YAP/TAZ

in both of these skin cancer subtypes.

Considering the parallels of Hippo signaling

in BCC and SCC as a result of these two

reports, it would be interesting to see

whether the JNK inhibitor used in Maglic

et al (2018) might also function to reduce

tumor cell proliferation in an SCC model.

Moreover, this approach could also be

extended to melanoma studies, where there

is growing literature showing Yap/Taz activ-

ity may contribute to its malignancy

(Moroishi et al, 2015; Andl et al, 2017).

In conclusion, the work generated by

Debaugnies et al (2018) and Maglic et al

(2018) will be fundamental in optimizing

pharmaceutical treatments of BCC and SCC

rather than relying on surgical excision as

the standard method of care. The successful

characterization of Hippo signaling in

nonmelanoma cancers will likely spur great

interest to generate small molecules targeted

against Yap/Taz that can be effectively used

in a clinical setting.
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