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Figure 1. Binding of b-Arrestin to the GPCR Results in Receptor Internalization to Endosomes. The
b-arrestin-bound GPCR is able to couple to heterotrimeric G proteins within the endosome, forming a
‘megaplex’. Activation of the G protein within the megaplex results in dissociation of the Gbs subunit which
can activate endosomal adenylate cyclase leading to the sustained production of cAMP.

the heterotrimeric Gs in an agonist-dependent manner. Furthermore, the receptor in
the megaplex maintains its ability to activate Gs while interacting with barr1. Final
evidence for the formation and stability of
the megaplex was provided by negativestain single-particle electron microscopy,
which allowed the unique visualization of
the supercomplex. barr is positioned on
the intracellular side of the receptor, presumably bound to the C-terminal tail of the
receptor and making a direct interaction
with the Gbg subunit of Gs. Simultaneously, the Gbs subunit of the heterotrimeric
Gs
interacts
with
the
transmembrane receptor core.
This paper is important for both adding to
our understanding of GPCR signaling as
well as informing the design of future therapeutics. We now know more about the
mechanisms of sustained signaling and
the role of barr in desensitizing some
receptors while enabling others to signal
from endosomes. The architecture of the
megaplex explains how barr can simultaneously drive internalization through an
interaction with the C-terminal tail of the
receptor while allowing the binding and
activation of G proteins. In the case of
the parathyroid hormone receptor
(PTH1) it has been shown that different
endogenous agonists of the receptor,
PTH(1–34) and PTHrP(1–36), can produce different kinetics of signaling, where
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PTH but not PTHrP is able to signal from
endosomes, which intriguingly may be
related to their different effects on bone
remodeling, and which could be exploited
for the design of therapeutics for diseases
such as osteoporosis [5]. Thus, it will now
be important in any drug discovery programs to understand whether agonist
drugs promote sustained signaling and
whether the action of antagonists is
restricted to the cell surface.
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ZNF217 is a Versatile ProOncogenic Factor
ZNF217 belongs to the Kruppel-like family
of transcription factors and contains eight
C2H2 ZNF motifs and a proline-rich transactivation domain. The ZNF217 gene is
located at the 20q13 chromosomal region
that is commonly ampliﬁed in various
human cancers, and the expression of
ZNF217 is strongly associated with poor
clinical prognosis [1,2]. Mammary epithelial
tumor cells ectopically expressing ZFP217
and transplanted into mammary fat pads
of immune compromised mice resulted in
increased tumor burden [3]. These observations suggest that ZNF217/ZFP217 is
pro-oncogenic. Important to the understanding of ZNF217/ZFP217-mediated
pathogenesis, ZNF217/Zfp217 expression
levels are not only associated with gene

ampliﬁcation but also inﬂuenced by pro- expression by direct and indirect mechamoter methylation and miRNA-mediated nisms. For instance, E-Cadherin is silenced
targeting [1].
by direct binding of ZNF217 at the proximal
promoter and by recruitment of the CtBP
ZNF217/ZFP217 controls a variety of net- co-repressor complex, resulting in stimuworks and intracellular pathways by lation of cancer cell migration, invasion and
orchestrating several mechanisms of anchorage-independent growth.
action. First, ZNF217/ZFP217 has been
suggested to regulate oncogenic gene An alternative mechanism of gene represexpression by acting as a transcriptional sion involves impairment of active
repressor of tumor suppressor genes [2]. demethylation of the p15Ink4b tumor supSecond, ZNF217/ZFP217 may also pro- pressor gene by the ZNF217/CoREST
mote cancer progression and pluripo- complex. The antiproliferative effects of
tency by activating the expression of TGF-b at early stages of tumorigenesis
pro-oncogenic genes and core stem cell are in part mediated by SMAD2/3 and
transcripts, respectively [3,4]. Third, thymine DNA-glycosylase (TDG), which
ZFP217 was found to restrict m6A depo- demethylate the p15Ink4b gene prior to
sition at pluripotency RNAs, protecting its activation. ZNF217/CoREST prevent
such transcripts from rapid degradation recruitment of SMAD2/3 and TDG, and
[5]. This mechanism of action, together recruited the de novo methyltransferase
with ZFP217-mediated transcriptional DNA (cytosine-5)-methyltransferase 3/
activation of the stem cell signature gene (DNMT3A) at the p15Ink4b promoter [10],
expression, would maintain ESC self- promoting its methylation and thus silencrenewal and somatic cell reprogramming ing p15Ink4b expression.
[5]. Given that ESCs share several hallTranscriponal repressor
(A)
marks with cancer cells, it is reasonable
6
to propose that altered m A homeostasis
Chroman
modiﬁcaon
HDAC
is associated with tumor development
enzyme
[6,7]. In this Forum article, we focus on
ZNF217
ZNF217/ZFP217-associated pathogenesis and discuss the novel role of
ZFP217 in m6A deposition.
(B)

ZNF217 as a Transcriptional
Activator
Although ZNF217 was ﬁrst described as a
transcriptional repressor [2], it has been
shown that ZNF217 exerts many biological functions through activation of speciﬁc
gene
expression
programs
[1,4]
(Figure 1B), thus acting as a complex
double-faceted transcriptional regulator.
In ESCs, murine ZFP217 directly binds
to promoter and enhancer regions of
the core pluripotency factors Pou5f1,
Nanog, and Sox2, and activates their
expression to maintain the ESC-identity
signature [5]. In mammary stem cells
(CD24MedCD49fHigh), where the expression of ZFP217 is enriched [3], ZFP217
prompts cancer stem cell (CSC) function
through upregulation of SNAI1 and SNAI2,
which modulate epithelial–mesenchymal
transition (EMT) and metastasis. ZNF217
also promotes EMT in human mammary
epithelial cells, through direct transcriptional activation of transforming growth

x

x

x
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ZNF217 binds DNA in a sequence-speciﬁc
Nanog
Sox2
manner through the sixth and seventh
ZNFs [1]. Furthermore, ZNF217 cooperates in transcriptional silencing programs by
(C)
m6A regulator
recruiting chromatin modiﬁers such as JarMETTL14
id1b/Plu-1, G9a, and EZH2; all of which
ZFP217 METTL3
are either histone demethylases or
me
ZFP217
methyltransferases, respectively, that
R R A C U
Nanog
R R A C U
remove or transfer methyl groups to speSox2
A C U
R
R
METTL14 METTL3
Klf4
ciﬁc lysine residues in histones to mediate
A C U
R
R
c-Myc
gene regulation (Figure 1A) [8]. Other
repressor proteins associated with
ZNF217 include the C-terminal binding
protein (CtBP)1/2, histone deacetylase Figure 1. Multifaceted Control Imposed by ZNF217/ZFP217. ZNF217/ZFP217 regulates a variety of
indirect regulation (black), either
(HDAC)2, lysine demethylase (LSD)1, and molecular programs by direct binding at the promoter of target genes (red) or by
acting as a transcriptional activator (A) or repressor (B), and by controlling m6A deposition at RNA (C). RRACU
the co-repressor of REST (CoREST) [9]. indicates the m6A consensus motif. Abbreviations: HDAC, histone deacetylases; LSD, lysine demethylase;
ZNF217 functionally represses gene METTL, methyltransferase-like; ZNF, zinc ﬁnger protein.
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factor (TGF)-b2 and/or TGF-b3, resulting in
the activation of the TGF-b-mediated
SMAD signaling pathway [1]. In breast cancer, ZNF217 directly upregulates ERBB3
expression, facilitating formation of the
ERBB2/ERBB3 heterodimer [4], which
results in the activation of the oncogenic
mitogen-activated protein kinases (MAPK)
and phosphoinositide 3-kinase (PI3K)/
AKT, promoting tumor survival, proliferation, and invasion [1].

ZFP217 Regulates m6A mRNA
Deposition in Mouse ESCs
m6A is the most abundant post-transcriptional modiﬁcation in RNA [11]. The core
mammalian m6A methyltransferase complex includes methyltransferase-like
(METTL)3 (also known as MT-A70) and
METTL14. The complex associates with
Wilm's tumor 1 associating protein
(WTAP), which is required for catalytic
activity of the m6A methyltransferase in
vivo [11]. Enrichment of m6A in RNA effectively inﬂuences all aspects of RNA
metabolism, including mRNA stability,
alternative splicing, mRNA translation efﬁciency, 50 untranslated region cap-independent
translation,
RNA–protein
interactions, and miRNA processing,
resulting in alterations in a cascade of
cellular processes [11].

remaining pluripotency transcripts, triggering ESC differentiation.

critically reading the manuscript.

Concluding Remarks
An increasing body of research indicates
that ZNF217 modulates both physiological and pathological cellular functions
through coordination of complex distinct
biological activities. ZNF217 cooperates
with several integrated circuits governing
hallmark capabilities within ESCs and cancer cells, promoting the expansion of a
pool of progenitor-like cells [3]. ZNF217mediated molecular functions involve
ZNF217 direct binding at the promoter
of target genes, recruitment of chromatin
modiﬁers, and impairment of DNA methylation. Recently, ZNF217 has been identiﬁed as a negative regulator of m6A RNA
methylation in ESCs [5]. This novel
ZFP217-mediated mechanism may potentially function in tumor initiation and progression.
Interestingly,
the
m6A
modiﬁcation has also been detected in
prokaryotic and unicellular eukaryotic
DNA, which is usually referred to as
6 mA. In Caenorhabditis elegans, 6 mA
increases transgenerationally in worms
mutant for spr-5 [12], an ortholog of the
mammalian LSD1. Given that LSD1
directly interacts with ZNF217 [8], and
the involvement of ZNF217 in transcriptional and post-transcriptional regulation,
epigenetic mechanisms may regulate m6A
modiﬁcation of target transcripts not just in
development, but also in diverse pathological processes, including cancer. Elucidating the role of ZNF217 in coordinating
epigenetic with epitranscriptomic networks could predict cancer risk, achieve
early diagnosis, track the prognosis
of tumor fate, and ultimately provide valuable targets for novel therapeutic
approaches.

ZFP217 also has crucial regulatory functions in m6A deposition, adding an additional layer of complexity to ZFP217
functions [5] (Figure 1C). ZFP217 interacts
with METTL3, hindering METTL3 binding
to RNAs. Moreover, METTL14, which is
required for METTL3 methyltransferase
activity, does not interact with ZFP217,
strongly suggesting that METTL3–
ZFP217 are held in an inactive complex.
In pluripotent ESCs, the high level of
ZFP217 strongly suppresses METTL3
methyltransferase activity, preventing core Acknowledgments
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