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Oligodendrocytes (OLGs) are the myelin-producing cells in the central ner-

vous system (CNS). Following injury, these cells are prone to death, lead-

ing to demyelination and, eventually, axonal loss and neurodegeneration.

Upon injury, the damaged CNS repopulates the lesion with oligodendro-

cyte precursor cells (OPCs) that consequently mature into OLGs to repair

the myelin damage and prevent further axonal loss. In this issue, Altunay

et al. identified that complement component 1, q subcomponent-like-1

(C1ql1), a factor known to play a role in neuron–neuron synapses, is also

expressed by OPCs and drives their differentiation into OLGs. These data

suggest that C1ql1 or other downstream factors could be therapeutic tar-

gets in the context of demyelinating disorders in which remyelination fails,

such as in multiple sclerosis (MS).

Comment on: https://doi.org/10.1111/febs.17256

Myelination in health and disease

Myelin is a protective sheath surrounding axons that

ensures fast and efficient nerve signal transduction [1].

While myelination begins during early development, it

continues during adulthood in response to learning

and environmental stimuli. In the central nervous sys-

tem (CNS), robust myelination strongly depends on

the differentiation of oligodendrocyte precursor cells

(OPCs) into mature oligodendrocytes (OLGs) that

enwrap the axons with their membranes. In multiple

sclerosis (MS), the immune system mistakenly attacks

the myelin sheath. OLGs are among the primary targets

that undergo degeneration during MS [2]. While the

exact mechanisms underlying OLG death in MS are not

completely understood, they likely involve factors

such as proinflammatory cytokines, oxidative stress,

glutamate-mediated excitotoxicity, autoantibodies,

complement deposition, and cytotoxic immune cells. In

an attempt to restore the myelin sheath, OPCs prolifer-

ate and migrate to the damaged area, where they differ-

entiate into newly formed myelinating OLGs [1].
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However, as the disease progresses, this endogenous

process of remyelination fails, consequently leading to

progressive neurological problems [3]. OPC dysfunction

and remyelination failure are also prominent in other

degenerative diseases such as Alzheimer’s disease (AD),

and amyotrophic lateral sclerosis, where there is a high

unmet clinical need [4,5]. As a result, research has

shifted toward mapping all the different molecules and

signaling pathways responsible for each phase of the

intricate, multistep process of OPC differentiation.

Identified factors can provide new stepping stones for

developing repair-promoting therapies for demyelinat-

ing disorders.

Novel factor to add to the list of OPC
differentiation modulators

In addition to the established markers of OPC differ-

entiation, such as oligodendrocyte transcription factor

2 (Olig2), platelet-derived growth factor receptor alpha

(PDGFRa), and myelin basic protein (MBP), many

regulatory factors involved in this process remain

unknown. The study by Altunay et al. [6], published in

The FEBS Journal, introduces a novel factor, C1ql1,

which has a dual role in regulating OPC differentia-

tion, both promoting and inhibiting the process

depending on the context (Fig. 1). C1ql1 was previ-

ously recognized as a key inducer of neuronal synapse

formation but is now shown by the authors to also be

expressed by Olig2+ OPCs. Notably, all PDGFRa+

OPCs in the gray matter and nearly all in the white

matter were found to express C1ql1 mRNA, whereas

only a subset of CC1+ OLGs expressed it. The reason

why only a subset of differentiation-committed OLGs

retain C1ql1 mRNA expression remains to be investi-

gated. To investigate C1QL1 protein expression, the

authors generated an epitope-tagged knockin mouse

model, in which an HA-tag was inserted into the

endogenous gene locus. This new mouse line

(HA-C1ql1 mouse line) is already fully characterized

[7]. By using the HA-C1ql1 mouse model, the authors

demonstrated that only a subset of PDGFRa+ OPCs

actively express the C1QL1 protein, suggesting the

involvement of potential posttranslational regulatory

mechanisms [6].

To determine the involvement of C1ql1 in OPC dif-

ferentiation, loss- and gain-of-function experiments

were performed [6]. In the OPC-specific C1ql1 knock-

out (KO) model, a significant reduction in both

PDGFRa+ OPCs and CC1+ OLGs was observed,

along with decreased compact myelin at postnatal day

15 (P15). By 8 weeks of age, these deficits were nulli-

fied indicating a developmental delay in myelination

rather than a permanent deficiency. Instead of tradi-

tional transmission electron microscopy (TEM), the

authors used spectral confocal reflectance (SCoRe)

microscopy, a novel imaging technique that uses the

optical properties of compact myelin [8]. Similarly, in

a toxin-induced demyelination model, C1ql1 KO

in OPCs led to a reduced OLG presence and remyeli-

nation as confirmed by g-ratio analysis [6,9]. Despite

the observed reduction, g-ratio values in KO mice still

improved compared to the demyelination phase. Con-

versely, overexpression of C1ql1 via viral vectors

increased OLG density in the gray matter and

enhanced remyelination. Both rat and mouse primary

cultures were used to demonstrate a direct effect of

C1QL1 on OPCs, revealing increased MBP expression

following C1QL1 incubation, while less MBP was pre-

sent in C1QL1 KO conditions.

These findings suggest that C1ql1 is a compelling

target for further investigation, potentially acting as a

dual-function factor, given its ability to target both

OPCs and neurons. This duality could confer a syner-

gistic advantage, enhancing both differentiation and

providing neuronal support. However, further research

is necessary to provide more robust evidence support-

ing the potential of C1ql1 as a therapeutic agent. First,

the specific mechanisms by which C1ql1 promotes

OPC differentiation need to be elucidated. This could

either reveal a previously unknown pathway or con-

firm an existing one, thereby validating common

molecular targets. Second, it is important to investi-

gate whether C1ql1-induced myelination also leads to

functional improvements, which can be evaluated

through behavioral testing or more clinically relevant

methods such as visual evoked potential (VEP) mea-

surements [10]. Finally, the authors should present

translational data demonstrating dysregulated C1QL1

signaling in patient samples, such as iPSC-derived

OPCs or postmortem brain tissue from important

demyelinating diseases.

Differentiation factors: are we
there yet?

Several studies have highlighted the role of individual

factors in the maturation of OLGs. Similar to the find-

ings of Altunay et al., we and others have underscored

the involvement of tissue inhibitor of metalloproteases-

1 (TIMP-1) in promoting OPC differentiation and

remyelination in toxin-induced demyelination models

[6,11,12]. Next to disease, the absence of TIMP-1 also

affects developmental myelination, similar to what is

reported here for C1ql1 [6,13]. However, compensatory

mechanisms seem to emerge at later stages, mitigating
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deficits in myelin content. While these mechanisms

have not been the primary focus of most studies, it

would be valuable to explore whether they are consis-

tent across factors or specific to each of them. Addi-

tionally, in the demyelination model, C1ql1 deficiency

decreased remyelination but did not prevent it, also

pointing toward possible other active pathways in

favor of repair. In the case of MS, it remains question-

able whether a single factor will be enough to act as a

potent remyelination booster, taking into account the

presence of a plethora of inhibitory signals [1]. The

fact that C1ql1 impacts gray matter oligodendrogenesis

in the Altunay et al.’s study might be of particular

interest for progressive MS, which remains untreata-

ble, as gray matter pathology is strongly associated

with disease progression in MS [6,14]. One aspect that

was not considered in this study is the impact on aging

[15]. This is important as aged OPCs are reported to

Fig. 1. C1ql1 is involved in OPC differentiation and (re)myelination. Altunay et al. demonstrated that C1ql1 is involved in OPC differentiation

and (re)myelination. C1ql1 expression decreases during OLG differentiation, with a high expression in PDGFRa+ OPCs (pre-OLG) in both

gray and white matter. Only a small subset of CC1+ OLGs expressed C1ql1. Mice at the age of P15 with an OPC-specific KO of C1ql1 had

reduced numbers of OPCs and OLG along with a decrease in compacted myelin, but this effect was nullified at the age of 8 weeks. In a

cuprizone-induced de- and remyelination model, C1QL1 was shown to regulate OPC maturation and promote remyelination evidenced by a

C1ql1 OPC-specific KO and C1ql1 overexpression mouse model. In vitro OPC cultures showed a direct differentiation stimulating effect on

OPCs upon the addition of C1QL1. C1ql1, complement component 1, q subcomponent-like-1; KO, knockout; MBP, myelin basic protein;

OLG, oligodendrocyte; OPC, oligodendrocyte precursor cell; P15, post-natal day 15. Images were modified using Inkscape from Servier

Medical Art (http://smart.servier.com/), licensed under a Creative Common Attribution 3.0 Generic License.
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be less prone to differentiation-promoting signals [15].

This is of interest in light of aging diseases such AD that

have been more and more associated with myelination

abnormalities. Likewise, different brain regions harbor

distinct OPC populations, which express different

markers, making it essential to explore whether expres-

sion varies across regions and whether the C1QL1 recep-

tor is present on these different subsets [16].

Conclusion

Despite extensive efforts to identify key regulators of

OPC differentiation, many factors remain elusive. The

study of Altunay et al. is the first to discover a role

for C1ql1 in OPC differentiation. However, the down-

stream mediators still remain to be uncovered. Fur-

thermore, the observation that the C1QL1 receptor,

ADGRB3, is more highly expressed in remyelinating

lesions than chronic active ones suggests that C1QL1

administration could hold therapeutic potential for

enhancing OPC differentiation in patients with chronic

demyelinating disorders.
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