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Reply to Rafael Galupa: Discussing the role of Lppnx in the
complexity of the X controlling element, Xce

Andreas Hierholzer®', Andrea Cerase® @, and Phil Avner®?
Rafael Galupa in his letter to PNAS (1) questions whether the
sequence Lppnx we described in our publication (2) is iden-
tical to Linx (3). We would like to clarify that our caution in
stating that Lppnx and Linx are the same long non-coding
RNA (IncRNA) stems from the existence of multiple alterna-
tively spliced transcripts in this region and from the complex-
ity of the X controlling element (Xce). We believe the functional
identity of the two IncRNAs needs to be systematically estab-
lished before any conclusive statement. Our discussion of
this topic reflects this point of view (2).

The focus of our PNAS article is the putative relationship
between different Lppnx alleles and the Xce locus defined
by Cattanach. The starting point of our investigation is the
quest to identify the key element of the Xce responsible for
the skewed X inactivation when different mouse strains are
crossed (4). This is a very important and yet little understood
aspect of the X inactivation process that bears important
consequences for understanding the unequal penetrance of
various X-linked human diseases. In this light, our discovery
that OCT-4 and other pluripotency factors associate with
Lppnx RNA is very exciting and offers a concrete starting
point to address the molecular basis of different Xce alleles
from different strains. For example, different splice variants
of Lppnx RNA could bind differential amount of OCT-4.

One of the points of Rafael Galupa’s letter is our diver-
gence of opinions regarding the role of Lppnx RNA in the
repression of Xist. The Lppnx allele in Pgk1a ES cells (carrying
different Xce alleles) carries a higher amount of promot-
er-bound OCT-4 than in 129Sv . Yet, deleting the promoter
region in both Pgk1a embryos and ES cells results in a much
weaker phenotype than in 129Sv. If the region functions
purely as a cis-regulatory element, as favored by Galupa
et al., one would expect the opposite.
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We identified Xist-intron1 (XI1) as a possible Lppnx target,
providing a pool of pluripotency factors to the region (2). It
has previously been shown that XI1 deletion on a hybrid
embryonic stem (ES) cell background led to preferential XCl
from the X1 deleted chromosome (5). This may indicate that
X1 influences the choice of the X to be inactivated, similarly
to Lppnx as noted in our results. That XI1 is a putative down-
stream target of Lppnx is indicated as XI1 deletion rescues
the Lppnx phenotype (2). Finally, these data do not show that
“a positive skewer rescues a negative skewer or vice versa”
as stated in Galupa's letter since both Lppnx and XI1 act in
the same direction.

Our publication does not aim to exclude a role for Linx as
a genomic regulator or to exclude the possibility that both
the IncRNA Lppnx and cis-regulatory elements in the Linx
locus might act synergistically in the repression of Xist and
in XCl. In our opinion, however, we present more than
enough evidence to suggest that Xce function involves more
than the Linx locus as a cis-regulator and present enriching
data as to the mechanisms underlying the action of the Xce
locus.
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