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RAPID COMMUNICATION
The MTMR11 variants identified in a short
stature cohort compromise the
dephosphorylation ability of MTM1 on
SMAD5 to up-regulate BMP signaling
Short stature is clinically defined as a standing height less
than two standard deviations below the mean height at the
same age, ethnicity, and sex. As a typical complex symp-
tom, height has a high heritability of 80%, which is affected
by multiple genes and geneegene interactions. A genome-
wide association study (GWAS) revealed that 23.3% of the
heritability of short stature could be explained by 697 in-
dependent variants.1 Whole exome sequencing of a large
sample size demonstrated that 83 rare and low-frequency
variants could explain 1.7% heritability of height, and var-
iants with minor allele frequency <5% have an average
effect 10 times greater than that of common variants.2

Here, we analyzed the whole exome sequencing data of 787
short-stature children to find new genes contributing to
short stature in Chinese children.

It is well known that excessive differentiation of osteo-
blasts leads to short stature, and the normal differentiation
of osteoblasts is regulated by bone morphogenetic protein
(BMP) signaling.3 As a core regulatory member, phosphor-
ylated SMAD family member 5 (pSMAD5) is positively
correlated with BMP signaling activity, but it is unclear how
SMAD5 dephosphorylation is regulated during osteoblast
development. Myotubularin-related protein 11 (MTMR11),
which belongs to the myotubularin family, was predicted to
be a dead phosphatase due to the absence of conserved
cysteine residues in catalytic activity domains and loss of
its phosphatase activity. To date, no data support MTMR11
as a disease-causing gene, even though the connection of
myotubularin 1 (MTM1) with short stature is also unclear4

until we found that rare MTMR11 variants were enriched in
our dwarfism cohort.
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We identified MTMR11 heterozygous variants from short
stature (Fig. S1), and found overexpression (OE) of MTMR11
inhibited the BMP signaling pathway (Fig. S2A), but
knockout (KO) of MTMR11 displayed higher expression of
the BMP pathway marker genes collagen type X alpha 1
chain (COL10A1), sclerostin (SOST ), matrix metal-
lopeptidase 13 (MMP13), and RUNX family transcription
factor 2 (RUNX2) (Fig. S2F). Coimmunoprecipitation assays
showed that MTMR11 could interact with SMAD5 in the
HEK293T cell line (Fig. S2G). We next are curious about who
can interact with MTMR11 to inhibit the BMP signaling
pathway. Mass spectrometry analysis showed an interaction
between MTM1 and MTMR11. Luciferase assay showed the
inhibitory role of MTM1 on the BMP signaling pathway,
which was further exaggerated by cotransfection with
MTMR11 (Fig. S3A, D). Also, the 3-PAP domain was identi-
fied be the core domain for the interaction between MTM1
and MTMR11 (Fig. S3C). On the way to figure out how MTM1
and MTMR11 inhibit the BMP pathway, we found that
MTMR11 could band to SMAD5, which is the core factor in
the BMP pathway. Then we found MTMR11 acted as an
essential co-factor to enhance MTM1 dephosphorylation of
pSMAD5 (Fig. S4).

The IDG-SW3 cell line was a helpful tool for osteoblast
study, whose differentiation was induced by removing
interferon-gamma (IFN-g; Invitrogen) and adding 50 mg/mL
ascorbic acid and 4 mM b-glycerophosphate. We found
MTMR11 accelerated proliferation and inhibited osteoblast
differentiation of IDG-SW3 cells by constructing the
MTMR11 OE/KO cell line (Fig. S5). However, MTM1’s inhi-
bition of osteoblast differentiation in IDG-SW3 cells was
compromised by knockout of MTMR11 (Fig. S6).

To sum up, MTMR11 interacts with MTM1 to enhance
SMAD5 dephosphorylation and thus inhibit the BMP pathway
and maintain the balance of osteoblast differentiation. The
behalf of KeAi Communications Co., Ltd. This is an open access
by/4.0/).
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Figure 1 Abstract graphic of functional MTMR11 in short stature development.
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MTMR11 variants identified in a short stature cohort
compromise SMAD5 dephosphorylation for abnormally up-
regulated BMP signaling, thus causing short stature.

The process of osteogenesis is finely regulated by BMP
signals, which are crucial to regulating the cell proliferation
and differentiation of osteoblasts into osteocytes. In this
study, we identified four rare variants of MTMR11, a dead
phosphatase gene, in a cohort of 787 short-stature children.
Mechanistically, MTMR11 can interact with both SMAD5 and
MTM1 and work as a necessary cofactor for the active
phosphatase MTM1 to specifically work on SMAD5 protein
dephosphorylation and to inhibit BMP signaling, and this
interaction is significant for the balance of osteoblast
development. The two short stature-enriched MTMR11
variants c.1225C > T (p. R409X) and c.1780C > T (p. R594X)
destroyed the 3-PAP domain and lost the ability to interact
with MTM1, which led to the interruption of the regular
inhibition of BMP signaling. The MTMR11 variants induced
overactivated BMP signaling through pSMAD5 accumulation,
subsequently promoting the over-differentiation of osteo-
blasts, which contributed to short stature in carriers and
conferred MTMR11 as a short stature likely pathogenic gene
(Fig. 1).

After we revealed the possible pathogenic role of
MTMR11, a dead phosphatase, to short stature, MTM1 was
further demonstrated to be the real functional phosphatase
for the substrate of protein SMAD5 because it was reported
that dead phosphatase members could form a dimer with
members in the same family containing active phosphatase
domains to enhance or inhibit their phosphatase activity.
Clearly, the irreplaceable importance of MTM1 as a protein
phosphatase was linked to the finding of a connection
between MTMR11 and short stature. However, it remains
ambiguous whether cofactors such as MTMR11 are neces-
sary only for the protein phosphatase function of MTM1 or
whether a certain cofactor is also needed for MTM1 to
execute lipid phosphatase activity. Collectively, our study
clarified the correlation between the regulation of MTM1
protein phosphatase activity and dwarfism occurrence.

Our definition of MTM1 as a new phosphatase for the
SMAD5 protein will helpfully elucidate the sophisticated
regulation of the BMP pathway and inspire more attention
to protein phosphatase studies. Therefore, our findings
elucidated a new dephosphorylation pathway for SMAD5
regulation that causes imbalanced BMP signal activity and
subsequent short stature outcomes, which provided
different insights concerning the pathogenic factors for
dwarfism. Hopefully, new protein phosphatases or co-
factors in the BMP signaling pathway could be potential
drug targets for skeletal development and short stature
therapy.
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