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Alternative polyadenylation often regulates mRNA isoform usage. In this issue of Neuron, Hwang et al. (2017)
describe a powerful new cell-type-specific methodology, cTag-PAPERCLIP, which can be used to study
alternative polyadenylation in the CNS.
The production of mature mRNA species

involves several processing steps, in-

cluding the linked endonucleolytic cleav-

age and polyadenylation of a nascent

transcript. Alternative cleavage andpolya-

denylation (APA) is a phenomenon in

which alternate polyadenylation sites are

targeted in order to generate different

mRNA isoforms from the same gene

(Figure 1A). As this usage of distinct polya-

denylation siteswithin a nascent transcript

can lead to alterations in exon incorpora-

tion, mRNA stability, and mRNA localiza-

tion, APA is an essential and broadly

conserved process that can influence the

encoded protein’s sequence, levels, and

localization (Tian and Manley, 2017).

Several global transcriptomic studies

have found that APA is a highly dynamic

process that differs across cell types and

developmental stages, for example, with

rapidly proliferating cells having the short-

est 30 UTRs and differentiated cells,

including neurons, possessing longer 30

UTRs at a genome-wide level (Miura

et al., 2013). In neurons, APA has been

linked to several mRNA isoform proper-

ties, including localization (Taliaferro

et al., 2016), and encoded protein

sequence alterations (Flavell et al., 2008).

These studies have shown that cell-type-

specific data are essential to not only

accurately profile APA, but also to under-

stand its significance and gain mecha-

nistic insights into its regulation. Thus, in

order to study the role of APA in each

developmental context and cell type, a

methodology has been needed that can

faithfully report cell-type-specific APA
1232 Neuron 95, September 13, 2017 ª 2017
in situ. In the central nervous system

(CNS), this is a particularly daunting chal-

lengegiven theheterogeneity of cell types.

Hwang and colleagues recently devel-

oped a methodology that can be used to

interrogate the 30 ends of mRNAs called

poly(A) binding protein (PABP)-mediated

mRNA 30 end retrieval by cross-linking

immunoprecipitation (CLIP) (PAPERCLIP)

(Hwang et al., 2016). PAPERCLIP uses

the CLIP approach to target PABP and

retrieve its associated mRNAs’ 30 ends for
RNA sequencing (RNA-seq). This method-

ology allows unbiased, quantitative, nucle-

otide-level resolution of mRNA 30 ends,

since it eliminates artifacts due to the inter-

nal mRNA mispriming that are inherent in

other 30 UTR sequencing methodologies

that rely on the use of reverse transcription

with oligo(dT) primers. Using PAPERCLIP,

Hwang et al. (2016) not only detected

APA shifts during mouse brain develop-

ment, but also importantly showed that

PAPERCLIP can be used to gain mecha-

nistic insights into the regulation of APA.

However, even though the PAPERCLIP

methodology is ideal for high-performance

identification of mRNA 30 ends, and thus

APA, the near-universal expression of

PABP limits the resolution of PAPERCLIP

data in tissues constituted ofmany hetero-

geneous cell types, such as in the CNS. In

this issue of Neuron, Hwang et al. (2017)

report a new version of the PAPERCLIP

methodology that can be used in a cell-

type-specific manner. For this purpose,

they generated a knockin mouse line in

which PABP is taggedwithGFP in a condi-

tional Cre-dependent fashion. This version
Elsevier Inc.
of PAPERCLIP is called conditionally

tagged poly(A) binding protein-mediated

mRNA 30 end retrieval by cross-linking

immunoprecipitation (cTag-PAPERCLIP)

(Figure 1B). The use of Cre-based condi-

tional expression makes this approach

highly selective and versatile, in theory

allowing access to any genetically defined

cell type. The fact that cTag-PAPERCLIP

purifications can be performed fromwhole

tissue is extremely important to obviate

stress-induced effects (e.g., upon tissue

dissociation and cell purification), which

themselves have been well documented

to lead to APA shifts.

In this first application of cTag-

PAPERCLIP, Hwang et al. (2017) identify

differences inAPAbetweenexcitatoryneu-

rons, inhibitory neurons, astrocytes, and

microglia. Among all of the genes ex-

pressedacross the four genetically defined

cell types, about one-third displayed APA

by cTag-PAPERCLIP analysis. And among

these third, over two dozen showed

marked differences in APA between neu-

rons and glia. Studying how these differ-

ences may be regulated, Hwang et al.

(2017) focus on the role of RNA-binding

proteins NOVA2 and PTBP2 and directly

show that NOVA2 promotes neuronal-

type APA, while PTBP2 suppresses

neuronal-type APA for some of these

genes. In a final example of the power

of cTag-PAPERCLIP to obviate stress-

induced changes to APA profiles, Hwang

etal. (2017) showed that cTag-PAPERCLIP

can isolate microglial transcripts with mini-

mal induction of microglial activation

markers. This ability allowed them to
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Figure 1. cTag-PAPERCLIP Can
Be Used to Evaluate APA in a
Cell-Type-Specific Manner
(A) Alternative cleavage and poly-
adenylation (APA) can producemRNA
diversity not only in the 30 UTR, but
also upstream of the 30 UTR, leading
to shifts in protein expression level,
localization, and function betweencell
types (protein sequence variation
shown; neuron, top; glia bottom).
(B) cTag-PAPERCLIP combines con-
ditional genetic tagging of PABP
protein (GFP tag; green PABP) with
CLIP (UV crosslinking, yellow) to
retrieve 30 mRNA ends in a cell-type-
specific manner. Cell-type-specific
cTag-PAPERCLIP-isolated RNA can
then be sequenced to accurately
identify APA sites with high resolution.
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discover a role for APA during

microglial activation following

lipopolysaccharide (LPS) chal-

lenge, in which they observed

not only biased usage of prox-

imal APA sites, but also, as one

example, a switch to full-length

ARAF protein expression during

microglial activation that they

link to inflammatory cytokine

production.

Thus, Hwang et al. (2017) not

only show the power of cTag-

PAPERCLIP to accurately

report APA in distinct cell types,

but also show the require-

ment for suchhigh-performance

data in order to make mecha-

nisticand functionalpredictions.

Application of new CLIP tech-

niques (Van Nostrand et al.,

2016; Zarnegar et al., 2016)

may make cTag-PAPERCLIP

more sensitive when applied to

rare cell types, and the combi-

nation of cTag-PAPERCLIP

data, cell-type-specific transla-

tional profiling (Heiman et al.,

2008), and cell-type-specific

miRNA profiling (He et al.,

2012) has great potential to

reveal further mechanistic and

functional insights regarding

APA in neurons. Finally, as APA

has been shown to be altered

duringseveral disease contexts,

application of the cTag-

PAPERCLIP methodology also

has great potential to yield new

insights into CNS disease

biology. For example, amyotro-

phic lateral sclerosis (ALS)-

linked pathophysiology has

been associated with various

aspects of RNA processing,

and the ALS-linked proteins

C9ORF72 and HNRNPA2B1

have both recently been sug-

gested to affect APA. A more

specific characterization of APA

in ALS models using cTag-

PAPERCLIP may yield new

insights into theAPA-linkedcon-

sequences of ALS-linked muta-

tions. The cTag-PAPERCLIP

methodology shows great

promise for leading the way to

many novel insights into the
Neuro
phenomenology and mecha-

nistic basis of APA in both

normal and disease contexts.
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