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A new pathway to regenerate myelin
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The molecular regulation of Wnt signaling in the OL lineage by Daam?2
phosphorylation. The activity of Daam2-mediated Wnt signaling is low in OPCs
and early OLs (Left) but upregulated in mature OLs (Middle). When ligands
trigger Wnt signaling, the destruction complex is inhibited, allowing -catenin to
enter the nucleus where it inhibits or enhances the expression of differentiation
and myelination/ensheathment genes, respectively, in conjunction with Tcf712.
In early OLs, CK2a remains in the nucleus and does not interact with Daam?2.
However, in late OLs, CK2a. translocates to the cytosol where it can
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phosphorylate Daam?2 at S704/T705. This phosphorylation interrupts the
Daam?2-Axin2 interaction, and the destruction complex retains -catenin
degradation. The E-mutation or CK2a overexpression weakens the Wnt
signaling complex, promoting OL differentiation while negatively impacting
ensheathment (Right). The figure was created with BioRender.com. Credit:
Proceedings of the National Academy of Sciences (2023). DOI:
10.1073/pnas.2304112120

A study led by Dr. Hyun Kyoung Lee, associate professor at Baylor
College of Medicine and investigator at the Jan and Dan Duncan
Neurological Research Institute at Texas Children's Hospital, has
discovered a new biological mechanism to regenerate and repair myelin,
a protective sheath that insulates neuronal fibers and plays a vital role in
ensuring rapid and accurate neurotransmission.

The Duncan NRI team found novel roles for the Disheveled associated
activator of morphogenesis 2 (Daam?2) protein and CK2a kinase in
regulating myelin repair and regeneration. The study was published in
the Proceedings of the National Academy of Science.

Myelin is produced by a type of glial precursor cells called
oligodendrocytes (OLs) which are among the most numerous cells in the
nervous system. Damage or loss of myelin sheath is the hallmark of
various neurological diseases in adults (e.g., multiple sclerosis) and
infants (e.g., cerebral palsy) and is common after brain injuries.

The Wingless (Wnt) signaling pathway is one of the key regulators of
OL development and myelin regeneration. In certain diseased conditions
and brain injury, its levels are elevated in the white matter, which
impairs myelin production by forcing oligodendroctyes to remain in a
"stalled/quiescent state."

2/5


https://medicalxpress.com/tags/cerebral+palsy/

Medicalzpress

A few years back, Dr. Lee and others found that a glial protein, Daam?2
inhibits the differentiation of oligodendrocytes during development as
well as myelin regeneration and repair. However, until now precise
mechanisms underlying this process have remained a mystery.

To understand how Daam?2 inhibits myelination, the team first needed to
determine the regulation of Daam?2 itself. Using biochemical
approaches, they found two amino acid residues (Ser704 and Thr705) of
Daam? protein undergo phosphorylation—a common post-translational
regulatory mechanism that turns on or off the activity of the proteins.

To explore if Daam2 phosphorylation affected the progression of OL
lineage, they analyzed differentially expressed genes (DEGs) in wild-
type and mutant animals whose Daam?2 is constitutively phosphorylated.
DEGs downregulated in the mutant OLs were enriched in genes involved
in lipid/cholesterol metabolism whereas DEGs upregulated in the mutant
OLs were involved in multiple signaling processes, including the Wnt
pathway.

Since Daam? is a known positive modulator of canonical Wnt signaling,
they examined whether these DEGs were due to perturbations in Wnt
signaling. They undertook a thorough developmental stage-specific
analysis which revealed dynamic changes in the machinery and function
of Wnt/B-catenin signaling in early versus late stages of OL
development, and established that this signaling pathway is affected by
Daam?2 phosphorylation.

"Intriguingly, we found Daam?2 phosphorylation differentially impacts
distinct stages of oligodendrocyte development—in early stages, it
accelerates the conversion of precursor OLs to glial cells but in later
stages, it slows down their maturation and their ability to produce
myelin," Dr. Lee said.
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To identify the kinase(s) responsible for Daam?2 phosphorylation, they
conducted a motif analysis which found CK2, a Wnt/B-catenin signaling
Ser/Thr kinase that was also one of the candidates in their biochemical
and genetic screen. They further confirmed that its catalytic subunit,
CK20, interacted with Daam?2 in lab-cultured OLs and also
phosphorylated it.

Moreover, both Daam?2 and CK2a were sequentially upregulated in a
manner that was concomitant with the progression of OL lineage. Using
in vitro cultured OLs and in vivo mouse models, they found compelling
evidence suggesting that CK2a promotes OL differentiation by
phosphorylating Daam?.

Further studies using an animal model of neonatal hypoxic injury model
revealed a beneficial role for CK2a-mediated Daam?2 phosphorylation.
They found that it plays a protective role in developmental and
behavioral recovery after neonatal hypoxia, a form of brain injury seen
in cerebral palsy and other conditions, and additionally, it facilitates
remyelination after white matter injury in adult animals.

Together, these findings have identified a novel regulatory node in the
Wnt pathway that regulates stage-specific oligodendrocyte development
and offers insights into a new biological mechanism to regenerate
myelin.

"This study opens exciting therapeutic avenues we could develop in the
future to repair and restore myelin, which has the potential to alleviate
and treat several neurological that are currently untreatable," Dr. Lee
said.

More information: Chih-Yen Wang et al, Daam?2 phosphorylation by
CK2a negatively regulates Wnt activity during white matter

development and injury, Proceedings of the National Academy of
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Sciences (2023). DOI: 10.1073/pnas.2304112120
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